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ABSTRACT

We live in a scientific society. Science is all around us. We take scientific
principles for granted every time we use technology, such as a car, a computer, or a cell
phone. Paradoxically, the scientific literacy of the population is minimal at best.
Having a basic knowledge of scientific principles is no longer a luxury but, in today's
complex world, a necessity.
To increase the scientific literacy of non-science majors, an astrobiology course was
developed at the Center for Science and Mathematics Education at The University of
Texas at Austin. The course subscribes to an educational philosophy that promotes the
significance of teaching science to non-science majors, endorses the importance of
multidisciplinary content knowledge, supports the teaching of the nature of science in an
implicitly mode, advances the discussion of socio-scientific issues, and includes
competent thinking-based teaching strategies using the dynamic discipline of
astrobiology.
The thesis reviews the problems in scientific literacy, outlines the characteristics of
this innovative course, proposes a novel standard - competent thinking - to evaluate
scientific literacy and analyzes the results of this course in terms of competent thinking.
Data collected provided evidence of an increase of competent thinking skills among
the students, especially in terms of self-reflection. Both the first and the second pilot
study showed strong evidence that students transitioned from naive to competent
thinking arguments. The main study demonstrated that students greatly improve their
self-reflecting skills. The final study confirmed improvement in terms of self-reflecting
skills, and showed that students gradually improve their arguments based on logic,
reason, sophistication, and evidences. Therefore, the results show that this innovative
astrobiology course is an effective tool for enhancing competent thinking skills among
non-science major students.

Key Words: astrobiology, critical thinking, competent thinking, functional literacy,
science education, multidisciplinary, non-science majors, anthropocentrism, aliens are us
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CHAPTER 1. INTRODUCTION

Be the change that you want to see in the world.
Mohandas Gandhi

1.1 OVERVIEW
Science is all around us (Bodanis, 2005, pp. 11). We take scientific principles for
granted every time we use a piece of technological apparatus, such as a car, a computer, or
a cell phone (McComas et al., 1998). Having a basic knowledge of scientific principles is
no longer a luxury but, in today's complex world, a necessity (Miller, 2007). Scientific
literacy is important to be able to make educated scientific decisions in our lives. To be a
contributing citizen in a modern democracy, a person needs to understand the general
principles of science. A valuable citizen, a normal citizen, has several daily decisions that
need a basic scientific knowledge.
We live in a scientific world; paradoxically, the scientific literacy of the population is
minimal at best. Science is an ongoing process, a human endeavor; paradoxically, students
tend to believe that science is a finished enterprise. Many non-science major students are
not motivated in science classes; paradoxically, there is a public fascination with the
possibility of life in the Universe, which is nowadays a scientific endeavor. In order to
address these paradoxes, and to increase students' scientific literacy (Oliver & Fergusson,
2007), critical thinking, content knowledge, self-reflection and knowledge of the nature of
science, a course was developed at the Center for Science and Mathematics Education at
the University of Texas at Austin. The course has been offered, taught and revised for four
years. The course subscribes to an educational philosophy that focuses on the
multidisciplinary nature of science and includes critical thinking-based teaching strategies
using the dynamic discipline of astrobiology. The grabber of the course is the increasingly
very popular, appealing, motivating and exciting subject of extraterrestrial life (Kaufman,
2008; Oliveira, 2008).
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Astrobiology, as defined by the NASA Astrobiology Institute, is :
"The scientific study of the living Universe: its past,
present, and future. It starts with investigating life on Earth,
the only place where life is known to exist, and extends into
the farthest reaches of the cosmos. It ranges in time from
the Big Bang and continues on into the future" (NAI, 2008)
Astrobiology studies the origins, evolution and distribution of life in the Universe;
thus, it studies life on Earth, and searches for life beyond our planet (Oliveira & Barufaldi,
2009). Astrobiology covers many questions, of which the best known is: 'Are we alone in
the Universe?' (Oliveira, 2008).
The course focuses on interdisciplinary issues related to the idea of extraterrestrial life.
It covers a wide range of topics, drawing on astronomy (the instructor's background, and
thus the major science of the course), physics, chemistry, biology, anthropology, geology,
psychology, sociology, history, science fiction, and the effects of science on society and
vice versa (Oliveira & Barufaldi, 2009). This integration of several sciences (Lunine,
2005), allows the students to experience science in a holistic manner and to attain
knowledge from different sciences (Oliveira, 2008). The knowledge of different sciences is
very important for a democracy and decision-making in an informed society, as noted by
Carl Sagan (1995), Richard Feynman (1999), and Keay Davidson (1999). This integration
already exists in research, since "many astrobiologists seek more than collaboration – they
are pursuing true cross-disciplinary research that is oblivious of disciplinary boundaries"
(Brazelton & Sullivan, 2008). The goal is to embrace this philosophy within astrobiology
education (Oliveira & Barufaldi, 2009). The transcendent science of astrobiology (Staley,
2003) brings synergies to education as it does in other areas of human life (Sapp et al.,
2002), seeing astrobiology in a more holistic way, more than just the sum of its science
parts.
This study focuses primarily on non-science major students because they comprise the
majority of the population - at least 95% of the entire population (Trefil, 1996). Although
they will not be science researchers, they will be the decision makers of tomorrow politicians, businessmen, judges, CEOs, and so on. They will be the ones deciding the
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funding, policy, and economics of scientific research. They will also be the ones that will
communicate science to the general population, whether they will be in charge of science
centers or as journalists who write articles about science in newspapers and magazines.
Decision-making and communication to the public has a huge impact in the society's
literacy (Balamuth, 1997). They will be the backbone of tomorrow's society. Thus it's very
important that they understand the current scientific world in which we live (Stone, 2009).
Non-science majors need a functional level of scientific knowledge (Shamos, 1995), to like
science, to have fun with science (Feynman, 1999, pp. xiv), to be aware of the nature of
science, to understand the relationship between science and society, to erase
misconceptions about science and to know how to think rationally (Oliveira & Barufaldi,
2009). These socio-scientific issues are being urged by science education researchers to be
introduced into classrooms (Hanegan et al., 2008). Moreover, to be a contributing citizen
in a modern democracy, a person needs to understand the general principles of science. A
valuable citizen, a normal citizen, has several daily decisions that need a basic scientific
knowledge. Like Jon Miller says: "Scientific illiteracy undermines citizens' ability to take
part in the democratic process" (Dean, 2005). It is therefore in the interest of society that
non-science majors understand the basics of science in order to make informed decisions
(Kolso, 2001; Hurd, 1998).
The purpose of this study is to evaluate the results that this innovative course is having
in terms of competent thinking amongst the students enrolled in this astrobiology course.
The main question to be addressed is: Is there any progression throughout the semester
within the students on this course?
The informal course student feedback was very positive and encouraging.
The thesis reviews the problems in scientific literacy, outlines the characteristics of this
innovative course, proposes a novel standard - competent thinking - to evaluate scientific
literacy and analyzes the results of this course in terms of competent thinking. The purpose
of this study was to evaluate the results that this innovative course is having in terms of
students' competent thinking.
All the studies gave evidences of an increase of competent thinking skills among the
students, especially in terms of self-reflection. Both the first pilot study and the second
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pilot study showed a strong evidence that students transition from naive to competent
thinking arguments. The main study demonstrated that students greatly improve their selfreflecting skills. And the study by indicators confirmed the great improvement in terms of
self-reflecting skills, and also showed that students gradually improve their arguments
based on logic, reason, sophistication, and evidences. Therefore, the results show that this
innovative astrobiology course is an effective tool for enhancing competent thinking skills
among non-science major students.
Since the results are positive, then the next step may be to turn this astrobiology course
into an entire undergraduate astrobiology degree, the first one in the world, that will shake
and hopefully improve the education of science courses worldwide.

1.2 PROBLEM
A huge problem in today's society is that scientific literacy is very poor (Oliveira,
2002; Recer, 2002; Ottavianelli & Good, 2001; Lee, 2000; Shamos, 1995). The population
shows poor scientific literacy and poor judgment in terms of critical thinking (Feynman,
1999, pp. 207).
The US National Assessment of Educational Progress (NAEP), the nation's report card,
indicates that only 18% of grade 12 students are minimally scientifically literate (NCES,
2005). A study by Miller (2007) showed that only about 28% of Americans can be
considered scientific literate, which means that they understand about 20 scientific
concepts. Kluger (2008) states that only 25% of Americans qualify as "civic scientifically
literate": only one in four adults can read and understand the articles in the weekly science
section of The New York Times (Kluger, 2008; Miller, 2007). Most American adults do not
understand what molecules are, only 33% identify DNA as a key to heredity, only 10%
know what radiation is, and 20% thinks the Sun revolves around the Earth (Miller, 2007;
Dean, 2005). The same happens in colleges and universities. College graduates are capable
of doing only "moderately challenging literacy activities" (Connor & Ching, 2010) and
data collected from the National Survey of America's College Students show that many
students have only "basic quantitative literacy skills, meaning they are unable to estimate if
their car has enough gasoline to get to the next gas station or calculate the total cost of
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ordering office supplies" (Connor & Ching, 2010). Colleges and universities are "turning
out scientifically illiterate students who are incapable of understanding many of the
important newspaper items published on the very day of their graduation" (Hazen, 2002).
This scientific illiteracy leads to fear of science and an embracing of pseudo-science ideas
(Laugksch, 2000). There is no doubt that the public have more access to information and to
"a vast maelstrom of misinformation" (Feynman, 1999, pp. 185), leading to a distrust in
science and in the scientists (Roth & Barton, 2004). An uninformed public is very
vulnerable to misleading ideas on diet, vaccination, alternative medicine, etc (Royal
Society, 1985, pp. 10).
On the television, we continuously see examples of scientific illiteracy, whether on
politics, talk shows, entertainment programs, etc. On the internet, we have millions of
websites embracing dangerous pseudo-science ideas (Laugksch, 2000), which sometimes
(like the so-called solar diet, the lies about comet Elenin in 2011, and the lies about the
supposed Mayan Prophecy for 2012) can kill people! People are lied to and controlled by
fear, sensationalism, and desinformation. The news (including science news) are
increasingly being written and distributed by the average person, who has no knowledge of
the subject that is writing about, but knows that with a certain level of sensationalism can
have a huge number of followers.
Thus, although we live in a scientific society, a significant problem in today's society is
that scientific literacy is inadequate (Oliveira, 2002; Recer, 2002; Lee, 2000; Feynman,
1999, pp. 102; Shamos, 1995). As Carl Sagan put it: "We live in a society exquisitely
dependent on science and technology, in which hardly anyone knows anything about
science and technology" (Head, 2007).
In this scientific society, most people are not scientists; neither should they be, since
the human endeavor shouldn't start and end in science. We define these as "non-science
majors" and they comprise the majority of the population. They are the backbone of
today's and tomorrow's society. Thus it's very important that they understand the current
scientific world in which we live (Stone, 2009). Non-science majors need a functional
level of scientific knowledge (Shamos, 1995) in order to make informed decisions (Kolso,
2001; Hurd, 1998). It is in the interest of society that non-science majors understand the
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basics of science in order to make informed decisions (Kolso, 2001; Hurd, 1998). Thus, the
specific problem that I'm trying to solve relates with college students who are non-science
majors, since they will be the majority of the population who has the huge problem of
scientific illiteracy (Feynman, 1999, pp. 102).
One of the causes for the poor scientific literacy comes from formal education. The
current school system is run as factories (Tyler, 1949) - a "banking" concept of education
(Freire, 1970). The raw materials called students go through the factories called
universities which are managed as businesses and where knowledge is provided in certain
quantities and special labels, and the product comes out as numbers. In the end, what
matters is the numbers, namely how many students were produced, at what costs, by what
means and under which label (major). It's a specialized mechanical process (inserting
knowledge like if it was a computer chip) instead of an holistic, multidisciplinary, human
process (Davidson, 1999).
Additionally, it's true that the educational system provides college students who are
non-science majors with science classes, and those classes give the students general
notions of scientific content. However, they don't erase their scientific misconceptions,
don't motivate them to learn more science, don't provide modern notions of the nature of
science (science is not a belief, a scientific theory is not just an idea, science is a dynamic
ongoing process, and scientific studies embrace different areas of science and society),
aren't effective in promoting deep conceptual understanding (Prather et al., 2004), and
don't generate critical thinking in the students (Connor & Ching, 2010; Oliveira, 2008;
Halpern, 1998; Reed, 1998; Paul et al., 1997; Goodlad & Keating, 1994). As a result,
students become scientifically handicapped for today's changing world (DeVore, 2003;
Lee, 2000), which translates into "faulty everyday reasoning and poor argumentation skills
used by most people" (Reed, 1998, pp. 3). John Dewey defended that "learning to think
should be the central purpose of education" (Reed, 1998, pp. 1).
So, ultimately, these are the factors to consider for this dissertation in relation to the
problem of scientific illiteracy:
 Non-science students are the majority of our college students;
 Non-science majors are most of the population everywhere;
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 Non-science students will be the leaders of tomorrow in all areas of society;
 Non-science students will be, in the near future, the ones deciding funding for
scientific research;
 Science literacy is very poor;
 The media and the internet promote scientific illiteracy;
 Science classes don't erase misconceptions about the nature of science;
 The current school system sees students as numbers, and not as people from a
society with different layers (social, cultural, artistic, scientific, etc);
 Science classes don't provide competent thinking tools in order to prepare
students for a constantly changing scientific world.
Therefore, there is a need to reform science education (Raloff, 2001; McComas, 1996).

1.3 APPROACH
In order to address the aforementioned problem, an informal survey was first
conducted in 2006 (Oliveira & Barufaldi, 2009), which revealed that most science courses
for non-science majors are taught in a traditional way, teacher-centered, with lectures,
focusing on the scientific details (Brake et al., 2006), without relating the different sciences
and social issues (Tyler, 1949). The paradigm of science-classes for non-science majors is
endangering the democratic society (Dean, 2005).
Nevertheless, science courses are extremely important. The single biggest factor
affecting levels of scientific literacy among adults who did not major in science is the
number of science courses taken in college (Allum, 2007; Miller, 2002). Thus, this shows
how important the science courses for non-science majors are, designed for general science
knowledge rather than for technical expertise (Hobson, 2008).
Therefore, to address the problem, a science course was created for non-science
majors. This was my contribution to try to solve the problem of scientific illiteracy. Due to
my background and interests, an astrobiology course was developed. Additionally,
astrobiology education may be the solution to the factors mentioned above (Oliveira,
2008), since astrobiology has already incorporated a belief system, it provides a inherent
motivation in learning more about aliens, it's on the news almost daily providing the idea
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that science is a work in progress, and it's an interdisciplinary science erasing walls
between different subjects, providing the students with a basic knowledge of many
sciences, how they relate to one another, and how scientific knowledge is intrinsically
multidisciplinary (not just within science content but also related with social issues). Thus,
astrobiology may be a perfect pick in order to show the multidisciplinary approach to the
nature of science and to critical thinking (Oliveira, 2008).
So, to address all the mentioned issues, an astrobiology course for non-science major
college students was developed at The Center for Science and Mathematics Education
(CSME) at The University of Texas at Austin. The CSME provides a wide range of
courses in the sciences including Earth science, life science and conceptual physical
science. The astrobiology course is the first interdisciplinary offering by the CSME. Many
students enroll in these courses as an elective. These courses are designed and offered to
provide a better understanding of the nature of science, to improve scientific knowledge
and to promote critical thinking (Oliveira & Barufaldi, 2009). This science course is
provided primarily to non-science majors, and uses astrobiology as a grabber. The main
goal of using the multidisciplinary field of astrobiology is to increase the scientific literacy
of the students. This astrobiology course was taught for 4 years, from 2006 to 2009, and
was revised each year to reflect student input, new scientific information and selfreflective examination by the instructor of the course (Oliveira & Barufaldi, 2009).
Astrobiology courses have been offered in the past and are currently offered around the
world. In 2004, Morrison (2002) surveyed 42 courses on "life in the universe". He found
that the courses mainly included the following subjects (Brake et al., 2006): History of the
Universe; Formation and History of the Earth; Nature of Life; Evolution of Life;
Extraterrestrial Life; Life in Extreme Environments; Life in Our Solar System (Mars and
Europa); Aliens, Science Fiction and the Search for Extraterrestrial Intelligence (SETI);
The Future of Humankind in the Universe (Abrams & Morrison, 2004). An informal
survey conducted in 2006 (Oliveira & Barufaldi, 2009) revealed that most "extraterrestrial
courses" were pure science courses, where the Drake Equation is used as an organizational
tool in order to teach "introduction to biology", "introduction to chemistry", "introduction
to astronomy" courses; only a few of the courses concentrated on the history of the idea of
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extraterrestrial life; and courses rarely debated the science fiction imagination and the UFO
myth. Even when these topics appeared in the syllabus, they were placed at the end of the
course leaving no time to cover them in depth.
The astrobiology course developed at The Center for Science and Mathematics
Education (CSME) at The University of Texas at Austin is different than the rest of the
science courses offered before it. The course is original, creative, and unique in the world.
It is an innovative course on astrobiology for non-science majors designed to overcome the
issues mentioned before. The course was designed to be very different from other science
courses for non-science majors due to the following innovations:
1) astrobiology is a captivating subject, as shown by the public fascination for the
possibility of life in the Universe (Oliveira, 2008). This provides a strong
motivation to the students. Students will be engaged in this type of course
(Sullivan & Morrison, 2008; Slater, 2006).
2) the course has an inherent multidisciplinary content, which covers a wide range
of topics, drawing on astronomy, physics, chemistry, biology, sociology, history,
religion, and science fiction. In fact, the course ingrains the four principles within
the NASA Astrobiology Roadmap (Des Marais et al., 2003): integrating scientific
principles, planetary protection, astrobiology and society, and future generations
(Brake & Griffiths, 2004b; Morrison, 2001). Additionally, the subject of
astrobiology straddles the boundaries between science, art, religion, and
philosophy, providing an ideal starting point for discussions about the public and
cultural placement of science (Oliveira & Griffiths, 2010). This integration of
several scientific subjects (Lunine, 2005) with social subjects, and with other
aspects of the lives of students (like beliefs) allows the students to experience
science in a holistic manner, to attain knowledge from different sciences
(Oliveira, 2008), and to have their own lives impacted in different aspects. This
integration already exists in research (Brazelton & Sullivan, 2008). The goal is to
embrace this philosophy in astrobiology education (Oliveira & Barufaldi, 2009).
3) the content is not so much about the nitty-gritty aspects of science - the scientific
details -, but about the big picture, the scientific way of thinking.
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4) the nature of science is implicitly taught, by discussing news of current events at
the beginning of the class showing the ongoing process of science, by having
clear-cut answers showing that scientific questions have objective answers, by
having open-ended questions showing the indeterministic and tentative process of
science which makes essential to have scientific thinking based on rational
competent thinking, by having the social sciences showing that science is a
human and social endeavor (subjective) although the testing and experimentation
makes the process objective, by learning that opinions are different from
scientific arguments, by learning that public perception is different from scientific
evidence, etc. Shamos (1995) claims that understanding the nature of science is
the key knowledge that citizens use when assessing public issues involving
science and technology (Olson et al., 2008), therefore, it is very important that the
nature of science is embedded into a science course for non-science majors
(Oliveira & Barufaldi, 2009).
5) the teaching method is student-centered, with several class discussions, which
allows for self-reflection.
With these characteristics in a science course for non-science majors, the goal is to
improve the scientific literacy of the students (Oliveira & Barufaldi, 2009).

1.4 PURPOSE OF THE STUDY
The intent of this study is to analyze whether the goal of developing competent
thinking from scientific and social perspectives is achieved by considering alien life. In
particular, the idea behind this study is to determine the effectiveness of the astrobiology
course in enhancing competent thinking skills among students.

1.5 SIGNIFICANCE OF THE STUDY
This study has a huge importance for science education as a whole. If the relationship
between astrobiology and competent thinking has a positive impact, then we should rethink the teaching of science courses for non-science majors. Perhaps science classes for
non-science majors should change their structure in order to incorporate the features that
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are mentioned in this dissertation. Maybe this course's structure, characteristics, and design
should be applied to other science courses. This may, in fact, revolutionize the way nonscience major students learn scientific content. The next step would be to turn this
astrobiology course into an undergraduate astrobiology degree, the first one in the world,
that would shake and improve the education of science worldwide.
In terms of society, the impact may also be huge. We may finally have a future
population with competent thinking, who knows how to evaluate media statements and all
kinds of claims, who examines evidences, who understands science, who have decisionmaking skills, who bases their decisions in self-reflection, and who contributes positively
to a democratic society.

1.6 METHODOLOGY
A Descriptive Qualitative Method approach with a simple statistical analysis will be
used in this study to investigate the effectiveness of the course. A series of "snapshots" of
homeworks will be analyzed. The effectiveness of students' works will be determined by
indicators of competent thinking skills.

1.7 RESEARCH QUESTIONS
The main questions to be addressed are:
1) While progressing throughout the course, do students move conceptually from
more naive responses to a more scientific understanding of life in the Universe?
2) When analyzing scientific news, do students move from more naive to more
sophisticated criticism of the scientific information presented in media outlets?
3) Do students' views change toward the possibility of life in the Universe as a
result of participation in this course? If so, how?
4) Is the astrobiology course effective in terms of enhancing competent thinking
among students?
5) Is there any progression throughout the semester in terms of competent thinking
within the students of this course?
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1.8 LIMITATIONS OF THE STUDY
Limitations of this study include: 1) the definition of scientific literacy is not
consensual, which makes it difficult to evaluate the subject in a completely objective
manner; 2) there is no control group for comparison, therefore one can only take limited
qualitative conclusions from this exploratory study; 3) students are already in the optional
astrobiology course because it is an elective course. In courses that are mandatory, students
may be resistant to learn. Thus, this is a bias population of students; 4) eventual gains in
competent thinking may be due to the instructor and/or the method of delivery, and not to
the course structure; 5) this study infers that the changes in students' reasoning are due to
the course, although changes may be from other aspects in the students' life (their maturity,
psychological openness, university life, and life in general); 6) the Hawthorne Effect: when
the experimental conditions are such that the mere fact that a research participant is aware
of participating in an experiment improves performance (Gall, Borg, & Gall, 1996, pp.
376); 7) there should be another reviewer for the data, evaluating it according to the criteria
defined for naive and competent; there may be a bias from the reviewer, who is the same as
the instructor of the class and the same as the investigator of this dissertation; 8) the
college course was not initially designed with this goal; 9) the sample size is relatively
small and was conducted at a single institution, thus the results cannot be generalized to
the total population of college students.

1.9 DATA GENERATION
The data collection is obtained from the students' homeworks in the astrobiology
course. The homeworks can be subdivided into two big groups, namely personal, which
are associated with personal beliefs about extraterrestrial life; and media, which are related
with analyses of media, evaluating claims, considering evidence, and making consistent
arguments.
To evaluate the homeworks, this study will use seminal indicators of competent
thinking which are part of the attributes of scientific literacy. These indicators are:
1) logical strength, with consistent thinking (no inner contradictions)
2) no mistakes, errors, in the critical analysis.
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3) arguments based on reason, not on fallacies.
4) evaluation of evidences.
5) sophistication of the answer, with deeper, thoughtful, more scientific opinions,
instead of the more popular, media-driven, views.

1.10 DATA ANALYSIS
The homeworks at the beginning of the semester will be compared to those at the
middle and at the end of the semester. This will be done for the four years that the course
was taught, and commonalities in homework responses in those four years are look for.
The analysis of the data reveal patterns and trends that allow us to determine if a
progression of indicators for competent thinking occurs among the students throughout the
semester.

1.11 DEFINITION OF KEY TERMS

Figure 1.1 - Separation between the different terms.
13

Scientific literacy is a term that encircles everything, as seen in figure 1.1.
Additionally, the lack of scientific literacy is the problem that needs to be solved.
Therefore, we will start by this notion.
Scientific Literacy is characterized by a lack of consensus about its meaning (Reed,
1998; Bybee, 1997; Shamos, 1995; Beyer, 1985) and how to achieve it. There is a
"conceptual swamp" (Cuban, 1984). Some authors connect science literacy to scientific
content - which is the prevalent view in science classes; others believe science literacy is
directly related with knowing about the nature of science; while others defend the
equivalence between scientific literacy and critical thinking. Thus, as we can see in figure
1.1, scientific literacy is approached as if it is constituted by different, separated notions,
with no relation between each other.
Therefore, Scientific Literacy includes Content Knowledge, which involves knowing
and memorizing scientific terms, definitions, and vocabulary.
Scientific Literacy also includes the Nature of Science, which involves understanding
science as an ongoing tentative indeterministic process.
Finally, Scientific Literacy also contains the notion of Critical Thinking (Scriven,
1985). Several authors think that critical thinking is crucial to scientific literacy. To be
scientific literate, one needs critical thinking (NSES, 1996, pp. 23). Critical thinking can be
equated to Miller's Civic Literacy, to Shamos' Functional Literacy, and to Freire's
participatory notion of science literacy which includes Media Literacy, but it does not have
a clear, consensual definition. Critical thinking examines assumptions, evaluates evidence,
evaluating the information, distinguish between facts and opinions, reduces bias, and it
defends us against delusion, beliefs, deception, fallacies, lies, extremism, irrationality,
superstition, prejudices, and misinterpretation of ourselves and of the world surrounding
us. It defends reason against faulty arguments. Critical thinking can be equivalent to
"argumentative thinking" or "evaluating thinking" (Rusbult, 2001), by evaluating and
analyzing arguments with reason (O'Rourke, 2005). In fact, critical thinking can be divided
into: Evaluative Thinking (evaluating arguments, claims, assumptions, evidences,
information, and media statements, distinguish between facts and opinions, reduce bias and
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superstitions, consider alternative points of view, challenge beliefs, gather information,
generate hypotheses, have self-reflection) and Argumentative Thinking (making consistent
arguments, with no fallacies, based on reason).
Even when thinking on different levels of scientific literacy, there seems to be no
holistic integrated approach, but rather a step-by-step approach, with different, subsequent
steps. Gabel (1976) argues that there are three degrees of scientific literacy: (1)
understanding the content knowledge, the nature of science, and the relationship between
science, technology, and society; (2) evaluating arguments and analyzing situations; (3)
applying that knowledge in real-life situations. Shen (1975) identified six elements of
science literacy and proposed three types of science literacy that includes (a) practical:
possession of the kind of scientific knowledge that can be used to help solve practical
problems, (b) civic: to enable the citizen to become more aware of science and science
related issues in order to participate in the democratic processes, and (c) cultural:
knowledge and appreciation of science as a major human achievement and cultural
heritage. Bybee (1997) conceptualizes science literacy as a continuum between four levels,
from nominal literacy (recognizing scientific terms, but not understanding their meaning,
leading to misconceptions) to functional literacy (reading and writing simple scientific
vocabulary in exams) to conceptual and procedural literacy (understand the relationship
between concepts and procedures, developing new knowledge) and finally to multidimensional literacy. Jon Miller defended that society needs civic scientific literacy
(Miller, 2002): "a level of understanding sufficient to read science and technology stories
written at the level of the New York Times science section or an article in Science et Vie [a
French science magazine], or watch a PBS program NOVA". James Barufaldi defends a
new multidimensional model to understand scientific awareness: the ASK model
(Attitudes, Skills, and Knowledge), which defines competency as "the ability of an
individual to select and use the knowledge, skills, and attitudes that are necessary for
effective behavior in a specific professional, social or learning situation" (Vinke et al.,
2008, pp. 7). Morris Shamos (1995) proposes three forms of scientific literacy: Cultural
Scientific Literacy (content knowledge), Functional Scientific Literacy (equivalent to Jon
Miller's "civic scientific literacy"), and True Scientific Literacy (a deep understanding of
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the concepts and processes of science, an ability to do science at some level, and an ability
to do some mathematics). Shamos argues in favor of a program called Scientific
Awareness to enable citizens to make informed decisions and effectively participate in the
real world (Liu, 2009), which is similar to his Functional Scientific Literacy. Paulo Freire
(1970) defends a participatory notion of science literacy (Freire, 2001), arguing that classes
should promote critical thinking by having evaluation of claims, self-reflexion, and
independent thinking, in order for society to have a better democracy - this is similar to
Miller's "civic scientific literacy" and to Shamos' "functional scientific literacy". This
thesis is in accordance with multidimensional ideas defended by Gabel (1976), Shen
(1975), Bybee (1997), Miller (2002), Barufaldi (Vinke et al., 2008), Shamos (1995), and
Freire (1974). However, this thesis defends that it's possible to address all levels together,
at the university level, instead of separating them into different gradual levels.

1.12 GOALS OF THE DISSERTATION
The goals of this dissertation are three-fold:
1) to develop a novelty notion to evaluate scientific literacy. The new concept is
called Competent Thinking. This is my main theoretical contribution to the field.
2) to develop a course to enhance scientific literacy. This is my main practical
contribution to the science education field.
3) to determine the effectiveness of the course in enhancing scientific literacy.

1.13 COMPETENT THINKING
It's very important to understand the definition of the key term: competent thinking.
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Figure 1.2 - Integration between the different terms.

Instead of separating the notions, my understading of scientific literacy integrates the
different aspects that are interconnected within a holistic approach to scientific literacy.
This approach constitutes a novel notion, Competent Thinking, in order to evaluate
scientific literacy.
Competent Thinking is a more sophisticated notion than just critical thinking, mostly
because the idea of critical thinking has a negative baggage, since it is not carried out in
reality as it is defined theoretically - it is not apllied in the way that it is described, the
execution is different from the definition. This is a major shortcoming for critical thinking.
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It is noted that critical thinking is used to criticize everything, whether it's correct or
wrong. The meaning of competent thinking differs from critical thinking in the sense that
it's not just about criticizing, it's not about doubting everything just for the sake of doubting
(examples: the Moon landings, the Heliocentric view of the Solar System, the Round
Earth, etc), it's not about arguing just for the sake of arguing (example: politics, where
congress and parliaments around the world continue arguing based on ideologies, instead
of deciding by the best evidence), it's not about question everything just for the sake of
questioning, it's not an argumentative position by default. It's about having the evidences
above any ideology (including the ideology of criticizing just because). It's about having
knowledge and looking for the answers based on that knowledge.
A difference between competent thinking and critical thinking is their relationship with
nature. Critical thinking neglects nature, since it's a more subjective approach, based on
logical consistency. It's all about the strength of the logical arguments. On the other hand,
competent thinking asks nature - nature is the supreme ruler of the truth, thus it's a more
objective approach. Observation of nature is more important than defending arguments in
favor of a particular vision. The Universe is above our arguments.
Thus, competent thinking is an improvement from what should happen by using critical
thinking, because it's based on the objective results of nature.
By using the aforementioned characteristics of the astrobiology course, it's possible to
understand the content knowledge, to understand the nature of science, to evaluate
arguments, to be able to distinguish between facts and opinions, to evaluate evidences, to
have consistency in argumentation, to consider alternative points of view, to challenge own
assumptions and beliefs, to have self-reflection and self-awareness, etc, and to apply that
knowledge to real-life situations, for instance, to analyze news in the Media, to assess the
sensationalism in the Media, to understand that opinions in entertainment programs is
different from information, to evaluate internet news claims, etc. Competent thinking
includes scientific and sophisticated views, the latter surpassing the current scientific
knowledge into "life as we do not know it" as suggested by the National Research Council
(NRC, 2007).
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Competent thinking involves gathering of relevant information, asking questions,
having doubts, generating plausible hypothesis, doing experiments, evaluate predictions,
and considering alternative points of view and options (Feynman, 1999, pp. 7, 149). This is
basically what we call the scientific method. It is based on logical strength, consistency,
and reason. It is common sense based on patterns (Feynman, 1999, pp. 171, 175, 187).
Since "science is a way of thinking much more than it is a body of knowledge" (Sagan,
1979, pp. 15), then science literacy is also a "way of thinking" (AAAS, 1989). Thus,
competent thinking is the glory of scientific literacy (Asimov, 1991, pp. 16).
Competent thinking empowers people. It promotes better, informed, decision-making,
which is key for a successful life. Competent thinking has a purpose (Facione, 2010, pp.
13; Jenkins, 1997), which is to make better decisions based on rational judgments informed decision-making is key in today's society (Facione, 2010, pp. 20; Reed, 1998, pp.
1). In a ever-changing world, it's crucial that there are informed citizens who can positively
contribute to society by thinking critically about social issues (Holbrook & Rannikmae,
2009, pp. 285), and evaluating work, media statements, pseudo-science claims, faulty
reasoning, fear-based arguments, etc (Hurd, 1998). It's not doing science, but using science
and evaluating scientific news, especially in the media (Hazen, 2002). Competent thinking
is the basis of a rational and democratic society (NSES, 1996; Facione, 1990; Miller,
1983). It's a citizenship-based science literacy (Roth & Barton, 2004). Competent thinking
empowers students and people in general. Students and people in general should develop
competent thinking skills (Paul, 1995) in order to improve their scientific literacy (Dacey,
2010; OECD, 1998; Shamos, 1995) and the world (Roth & Barton, 2004; Doyle, 2000;
Sagan, 1995; Freire, 1970). Competent thinking improves our lives (O'Rourke, 2005) and
is vital for our success in life (Facione, 2010, pp. 2).
The teaching of competent thinking has the goal of increasing the scientific literacy of
students, equipping them for their everyday life outside the classroom (National Panel
Report, 2002, pp. 44), hoping that the learned competent thinking skills are transferred to
the other domains not mentioned in the course (Bransford et al., 1999; Halpern, 1998;
Reed, 1998; Paul et al., 1997). Since competent thinking is a domain-general thinking skill,
it allows transference between domains (Bransford et al., 1999). It can be used in other

19

classes that incorporate the characteristics mentioned above for this course, and competent
thinking learned in class can be applied in other areas of the life of the students (Halpern,
1998).
Competent thinking includes the understanding of the nature of science, as seen in
figure 1.1. Understanding the nature of science is very important to science literacy
(NSTA, 2003; NRC, 1996; McComas & Olson, 1998; Matthews, 1994; AAAS, 1989).
Science is everywhere in the world (McComas et al., 1998), therefore to understand how
the world works, we need to understand the nature of science (Klemke et al., 1980).
McComas et al. (1998) argue that knowledge of how science works enhances students'
understanding of science as a human endeavor, increases interest in science and science
classes, improves student learning of science content and promotes better social decisionmaking (Olson et al., 2008). If people want to understand the world and make responsible
decisions, they must understand science (Lederman et al., 2002; Kolso, 2001; Hurd, 1998).
As Driver et al. (1996) emphasize: "understanding of the nature of science is necessary if
people are to make sense of the science and manage the technological objects and
processes they encounter in everyday life …[and] make sense of socio-scientific issues and
participate in the decision-making process" (Driver et al., 1996). Students should learn to
understand the purpose of science, the general assumptions underlying scientific
knowledge, and the interplay of science, culture and society influencing the development
of scientific knowledge (Kremer et al., 2008; Lederman et al., 2002). Morris Shamos
(1995) even claims that understanding the nature of science is the key knowledge that
citizens use when assessing public issues involving science and technology (Olson et al.,
2008). Thus, it is very important that the nature of science is embedded into a science
course for non-science majors (Oliveira & Barufaldi, 2009). It is important to comprehend
the nature of science to be scientific literate, in order to be able to use competent thinking
on scientific subjects (Oliveira & Barufaldi, 2009). But what is the nature of science?
There is no consensus answer for this question (Turner & Sullenger, 1999; Tobin et al.,
1988), there is not just one view of what the nature of science is (Abd-El-Khalick &
Lederman, 2000; McComas et al., 1998). As Stanley and Brickhouse (2001) mention:
"although almost everyone agrees that we ought to teach students about the nature of
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science, there is considerable disagreement on what version of the nature of science ought
to be taught" (Stanley & Brickhouse, 2001; Chalmers, 1999). However, who better than the
person who works on that subject to explain what the nature of the subject is about? In this
case, the nature of science should be explained by a scientist. In the astrobiology course
created at The University of Texas at Austin, the nature of science is not explicit referred,
taught, or explained in class, but the course has an implicit idea of what the nature of
science is. The instructor of the course assumes science as being an ongoing process
(example: with the daily news), a work in progress, which constantly tries to understand
more and more of the world that surrounds us (Hurd, 1998). Science cannot provide
complete answers to all questions; this is an intrinsic characteristic of science and one of its
advantages, since it keeps the curiosity going to learn more about the phenomena.
Nevertheless, science already provides an enormous amount of answers - we see this
evidence in the incredible technology that we use daily, which would not exist without
those factual and detailed scientific answers. Science requires an open mind, but not so
open that the brain falls off, as Carl Sagan, Richard Feynman, and Richard Dawkins
mentioned (Wikiquote, 2009). Science is also tentative, empirical, subjective, a human
endeavor (Bodanis, 2005), a social endeavor (Rucker, 1984, pp. 186), a complex social
activity (Ferreira, 2005; Schwartz & McGuinness, 1979, pp. 52), and depends on the
interpretations of the data - a human interpretation of what is going on in nature. Even
Einstein (and Heisenberg and others) said that the reality we see depends on the observer's
position. Science is embedded in culture, in its societal issues, and in the time period that
the society is imbedded. Although the process of science is considered subjective and
depending on humans, the amazing success of that same process is defended in an
objective way. Every person in any part of the world can make the same experiments, and
the results will be the same everywhere. The process of science is subjective, but the
results of science are objective - and these objetive results provides us such incredible
knowledge that we are able to fly planes, communicate using cellphones, and work on the
internet through a computer. Thus, the objective results of science are extremely important
since they are the ones that provide us content knowledge that gives us the scientific world
that surround us. Science is objective, uses logical propositions, constantly repeats
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experiments, demands evidence, explains phenomena with natural reasons, and predicts
results. In fact, the scientific process and the nature of science are more in accordance with
Lakato's views: there is a hard core of theories and science progresses by the refinement or
rejection of the protective belt of auxiliary hypothesis to accommodate the anomalies; there
are creative leaps, but mostly science is cumulative (Hurd, 1998), with a new theory
explaining the same as the old theory, plus explaining more phenomena, and especially
making better predictions. In the media, we see the leaps, the amazing discoveries, and we
tend to get a bias view of science: always changing, with a subjective nature, and
depending on the opinions of different scientists. The truth is that's only correct about the
cutting-edge science, the human, subjective science at the periphery of knowledge. All the
scientific knowledge around us (from how to make computers to the laws of
electromagnetism) is part of the core of science, and that knowledge is as much objective
as it can be, does not change, and does not depend on the opinions but it's as close to fact
as anything can be. This core knowledge is correct, is not doubted, does not change, and is
used and proved to us thousands of times daily. Additionally, science is everywhere in our
world, so it's important that students learn the basics of different sciences. Furthermore, the
world (and science) is complex, vibrant, adaptable, and dynamic, sometimes chaotic
(Magueijo, 2003, pp. 262), open-ended indeterministic process (Feynman, 1999, pp. 20;
Davies, 1980, pp. 111, 122), constantly changing and evolving (Standage, 1998), with
more questions than answers; and classes should reflect the world outside (Doll, 1993).
The scientific process is a detective story where scientists never get to say "Case Closed"
(Magueijo, 2003, pp. 13). Science is the best way to understand how the universe works.
Competent thinking also contains self-reflection and self-awareness (Dacey, 2010),
where people evaluate their thinking, and challenge their assumptions and beliefs
(Magueijo, 2003, pp. 7). In science, it's crucial for people, including scientists, to evaluate
their own thinking, hypothesis, assumptions, beliefs, interpretations, and conclusions. In
life, the same self-reflection is necessary.
To have competent thinking one also needs to have a basic content knowledge. One
cannot discuss subjects without having a minimum knowledge of the subject being
discussed. So, it's crucial to have a body of knowledge, to absorb a good amount of
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information, prior to be able to apply competent thinking. This is also one of the
differences to critical thinking, which assumes to be able to criticize even from a
standpoint of ignorance, without having specific knowledge about the subject.
Competent thinking also includes the multidisciplinary aspect of science. Science is
multidisciplinary and it's embedded in the culture, in the societal issues of the time.
Education, especially science education, should have a multidisciplinary approach relating science to different scientific areas, to diverse social subjects, and also to current
news that are part of the students' lives (Dacey, 2004). Education should be inclusive.
Science education should emphasize how everything is interconnected (Oliveira, 2008).
Richard Feynman stated: "In this age of specialization, men who thoroughly know one
field are often incompetent to discuss another." (Wikiquote, 2011). In the space age, more
than ever there needs to be a multidisciplinary approach to the issues, mixing knowledge
from astronomy, biology, chemistry, physics, geology, sociology, politics, history,
business, etc (Davidson, 1999).
Summarizing, one shows competent thinking when, based on a basic multidisciplinary
knowledge of different issues and on the knowledge of the nature of science, one is able to
produce rational arguments to defend one own's evaluation of claims, without loosing track
of a high level of self-reflection. This is the definition of competent thinking.
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Figure 1.3 - Competent Thinking.

1.14 ORGANIZATION OF DISSERTATION
This dissertation is structured as follow: Chapter 1 introduces the context for this
research and provides a research design overview, from the theoretical perspective and
research questions to the significance and limitations of the proposed study; Chapter 2
presents a literature review that highlights research on scientific literacy, nature of science,
critical thinking, and multidisciplinary approach to science education; Chapter 3, discusses
my personal framework, the reasons to choose astrobiology, the astrobiology course for
non-science majors, and the activities provided to students on that course; Chapter 4
establishes the qualitative methods approach detailing the research design, data collection
techniques, data sources, and ethical considerations for this proposal; Chapter 5 analyses
the data collected in chapter 4; Chapter 6 discusses and implications of the analyses of the
data; Comprising the final two sections are the references and appendices.
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1.15 WORK PLAN AND TIMELINE
The work plan and timeline for this study spans from the official dissertation proposal
meeting to the defense and graduation.
The astrobiology course was developed and taught from the Fall 2006 until the Fall
2009, included. In the Spring of 2010, it was decided to change my dissertation in order to
incorporate mainly the designed astrobiology course.
From June 2010 to May 2011, the goal was to turn the astrobiology course, from bullet
points in powerpoint files into a complete Word document. By doing so, more than 1000
pages became available, that reproduce the course in a book kind of way, although with a
lot more details. This is the theoretical framework on astrobiology.
From June 2011 to September 2001, the goal was to continue the theoretical
framework, not anymore on astrobiology, but in scientific literacy and critical thinking.
In October 2011, meetings with the dissertation supervisor led to a coherent research
design.
In November 2011, the plan was to have the official proposal meeting with the
dissertation supervisor and committee members, in order to have the dissertation proposal
approved, in order to continue work on the dissertation. In fact, this meeting took place on
December 6th.
December 2011 was going to be dedicated to complete the IRB approval for this
dissertation. However, there was no need to take any IRB action. Since the data is
anonymous and presented in an aggregate format, it doesn't meet the definition of human
subjects research. Therefore, an IRB review and approval for this project was not needed.
In January 2012, homeworks were picked in order to collect the information necessary
for this dissertation.
In February 2012, the responses were analyzed.
In March 2012, the dissertation was finished writing, with the analyses of the research,
the conclusion of the theoretical framework, and the completion of the summary and
discussion chapter.
May 2012 was for the dissertation oral defense.
August 2012 is for graduation.
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Figure 1.4 - Dissertation timeline from course to proposal to defense and graduation.
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CHAPTER 2: LITERATURE REVIEW

Any genuine teaching will result, if successful, in someone's knowing
how to bring about a better condition of things than existed before.
John Dewey

2.1 OVERVIEW
The overarching question at the center of this literature review is if it is possible to
increase the scientific literacy of students by providing an innovative science course filled
with creative characteristics. In order to provide a background to that question, this review
involves a synthesis of research associated with the current educational problems of
literacy, the multidisciplinary nature of science, the scientific literacy as competent
thinking, and how to bring all this together to create an innovative science course.
As my review will show, the literature supports my assertion that is possible and vital
for today's society to change science education with new innovative science courses that
have characteristics more adapted to today's world.

2.2 LITERATURE SEARCH METHOD
Broad searches were conducted within literature about scientific literacy, critical
thinking, nature of science, multidisciplinary approach, etc.
University of Texas Libraries databases of peer-reviewed journal articles, reports,
conference papers, and books; Education Resources Information Clearinghouse (ERIC),
JSTOR, Academic Search, Social Sciences Full Texas, and Education Full Text were used.
These databases were searched for publications that contained terms related to scientific
literacy, critical thinking, competent thinking, nature of science, multidisciplinary
approach, etc.
The Google Scholar search engine was also used, especially for locating additional
journal and source information of other works. Another website widely used was the
Astronomy Education Review (AER). Scientific journals utilized were the peer-reviewed:
Astronomy & Astrophysics journal, the Science journal, and the Nature journal.
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Additionally, arXiv, the archive for electronic preprints of scientific papers in the field of
astronomy, was also used. Moreover, other websites were utilized for generalized searches,
like Google and Wikipedia, and for astronomy and astrobiology news searches, AstroPT
was mainly used.
Furthermore, several magazines were consulted, especially the Astrobiology magazine.
Likewise, dozens of books were consulted, for science content, scientific literacy and
critical thinking. In addition, some information was taken from my own articles, published
and researched in the past. Finally, information was drawn from current research paper
presentations gleaned from recent attendance and/or participation at national education
conferences (e.g., AERA, NARST), astrobiology conferences (e.g., AbSciCon, ASB), and
informal conversations with educators/researchers, like Dr. James Barufaldi, Dr. John
Kormendy, Dr. Ed Prather, etc.
Upon completion of this literature search and review methodology, I feel confident that
I have adequately exhausted the literature relevant to this specific proposal.

2.3 FINDINGS
We live in a scientific world (Gershenfeld, 1999). Science is all around us (Bodanis,
2005, pp. 11-15). We take scientific principles for granted every time we use a piece of
technological apparatus, such as a car, a computer, or a cell phone. Having a basic
knowledge of scientific principles is no longer a luxury but, in today's complex world, a
necessity (Miller, 2007). Scientific literacy is important to be able to make educated
scientific decisions in our lives (Balamuth, 1997). A major challenge in this scientific
world, however, is that most people are not scientists; neither should they be, since the human endeavour shouldn't start and end in science. Thus, most of the people in our world
are not as scientifically knowledgeable as we would like them to be in order to understand
the world that surrounds them (Oliveira, 2008).
There is no doubt that the public do have more access to information, and thus can be
better informed and more educated than ever before. There is no doubt that the public
popular science publication is at an all time high and the proliferation of Discovery type
TV channels and a plethora of podcasts and radio programs dedicated to science
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communication are testament to the literacy of the public (Oliveira & Griffiths, 2010).
However, in the same way, there is no doubt that the public has access to a lot more
incorrect information, "a vast maelstrom of misinformation" (Hart, 2009), leading to a
distrust in science and in the scientists (Roth & Barton, 2004). The public needs to learn to
trim this disinformation, by critically analyzing the information. Science professors and
science communicators are essential in providing the critical analysis tools for the current
and the next generation (Balamuth, 1997). Shamos (1995) argues that science education is
flawed and science needs better teachers and communicators to increase the level of
science literacy in the population.

2.3.1 Scientific Illiteracy
Although badly needed, the fact is that scientific literacy is very poor amongst the nonscientific general population. There is a huge problem with scientific literacy (Feynman,
1999, pp. 102).
The US National Assessment of Educational Progress (NAEP), the nation's report card,
indicates that only 18% of grade 12 students are minimally scientifically literate (National
Center for Educational Statistics, 2006). These numbers are abysmal, but they represent a
small increase from previous decades (Miller, 2007; Miller, 1998; Lewenstein, 1992;
Shortland, 1988; Royal Society, 1985; Hurd, 1958). Although the "results of the 1992
National Adult Literacy Survey and the 2003 National Assessment of Adult Literacy show
that average literacy levels among adults with bachelor's degrees have declined over time.
That's on top of the fact that the overall level is low" (Connor & Ching, 2010).
Accordingly to Miller (2006), Recer (2002) and Lee (2000), scientific literacy in the
United States is scarce. A study by Miller (2007) showed that only about 28% of
Americans can be considered scientific literate, which for him means that they are able to
understand around 20 scientific concepts. Kluger (2008) states that only 25% of Americans
qualify as "civic scientifically literate": only one in four adults can read and understand the
stories in the weekly science section of The New York Times, and thus 75% of Americans
cannot read or understand the science section of The New York Times (Kluger, 2008;
Miller, 2007). Most American adults do not understand what molecules are, only 33%
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identify DNA as a key to heredity, only 10% know what radiation is, and 20% thinks the
Sun revolves around the Earth (Miller, 2007; Dean, 2005). And this happens also in
colleges and universities around the world: an informal poll was made at Harvard
University among graduating seniors (from science and non-science fields) and less than
10% could explain why it's hotter in summer than in winter (Hazen & Trefil, 1990);
another informal poll was made at George Mason University, among the same population
of seniors, and got similar results with the question being to tell the difference between an
atom and a molecule (Hazen, 1992). College graduates are capable of doing only
"moderately challenging literacy activities" (Connor & Ching, 2010) and data collected
from the National Survey of America's College Students show that many college students
have only "basic quantitative literacy skills, meaning they are unable to estimate if their car
has enough gasoline to get to the next gas station or calculate the total cost of ordering
office supplies" (Connor & Ching, 2010). Colleges and universities are "turning out
scientifically illiterate students who are incapable of understanding many of the important
newspaper items published on the very day of their graduation" (Hazen, 2002). Miller
states that only about 25% of Americans are partially "scientifically savvy and alert"
(Miller, 2008; Miller, 2006), have only minimal skills needed to function in a
contemporary industrial society (Cook, 1977; Harman, 1970), while the rest, 75%, "don't
have a clue" (Dean, 2005); and a great majority of these scientific literate are college
graduates, while the number of scientific literate adults without a college degree is fewer
than 7% (Hazen, 2002; Miller, 1998). This scientific illiteracy leads to fear of science and
an embracing of pseudo-science ideas (Laugksch, 2000). An uninformed public is very
vulnerable to misleading ideas on, for example, diet, vaccination, or alternative medicine.
(Royal Society, 1985, pp. 10).
A national survey commissioned by the California Academy of Sciences in 2009
showed that only 20% of Americans can answer three basic science questions correctly
(Stone, 2009), although 80% of Americans think that scientific knowledge is very
important in today's world (Stone, 2009). Brazil (Piangers, 2009) suffers from the same
problem. A study by Ottavianelli & Good (2001) indicates that scientific literacy in Europe
is also poor (Oliveira, 2002), with Spain having 34% of people thinking that the Universe
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is geocentric - Sun orbiting the Earth - (Gámez, 2009), only 15% of the British knowing
how to define Heliocentrism (Oliveira, 2002), and Portugal having only about 35% of
Portuguese interested in scientific matters (Massada, 2006). Thus, around the world,
scientific literacy is incredibly low (Liu, 2009; Miller, 2006; Dean, 2005; Miller, 1983;
Cevero, 1985; Guthrie & Kirsch, 1984; Northcutt, 1975).

Table 2.1 - Percent of Adults Qualified as Civic Scientifically Literate in 33 Countries, 2005
(Miller, 2006, pp. 8)
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Many individuals often proudly proclaim that science isn't their thing, almost as a
badge of honor (Krauss, 2009), and most of them believe in pseudoscience lies (Liu,
2009). The fact that the scientific literacy of the population is low, it's a problem that needs
to be solved. There is a need to rail against ignorance (Krauss, 2009; Snow, 1959).
Additionally, this problem is not only seen among non-science majors. Paul Gardner
(1972) states that by speaking knowledge about a domain doesn't necessary make us
understand what is the domain of each science discipline. "Intense study of a particular
field of science does not necessarily make one scientifically literate" (Hazen, 2002).
Xiufeng Liu (2009) states that "an expert in one field of science may be ignorant in other
science fields" (Liu, 2009, pp. 306). Recently, I had two experiences that made me see this
first-hand, although this is anecdotic evidence: a doctor-veterinary, one of the world
leaders on his field, thought that astronomy and astrology were the same thing; and a top
engineer had no idea of how many planets there are in the Solar System. As we can see,
scientists are often "uninformed in scientific fields outside their own field of professional
expertise" (Hazen, 2002). In fact, a study made by Dennis Showers (1993) to examine the
science literacy of scientists and science educators, showed that "these groups (1) do not
have high levels of content knowledge outside their area of professional expertise, (2) do
not vote based on understandings of the scientific dimensions of public issues, (3) have
significant beliefs in superstition and pseudoscience, and (4) make personal and social
choices based on non-scientific aspects of decision-making situations" (Showers, 1993).
Thus, even the science major students, science professors, and scientists specialized in one
scientific field hold naive ideas about other scientific disciplines (Feynman, 1999, pp. 245)
and about the nature of science as a whole (Schommer & Walker, 1995).
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2.3.2 Multidisciplinary
All religions, arts and sciences are branches of the same tree.
Albert Einstein

Many in the past were proud of their multidisciplinary knowledge. Aristotle,
Aristarchus, Pythagoras, Newton, Leonardo da Vinci, Richard Feynman, Carl Sagan
(Davidson, 1999), and many others, are worldly famous due to their vast knowledge of a
myriad of subjects (Feynman, 1999, pp. 226). They were all what we call Renaissance
Men (Davidson, 1999).
However, what we currently see in science and in education is extreme specialization,
the same way that we run factories. There is a decline in multidisciplinary knowledge,
which can have awful results in science, in general knowledge, in the economy, and in the
society as a whole (Davidson, 1999). As Richard Feynman stated: "In this age of
specialization, men who thoroughly know one field are often incompetent to discuss
another. (...) When we look at the past great debates on these subjects, we feel jealous of
those times" (Wikiquote, 2011).
In the space age, more than ever there needs to be a multidisciplinary approach to the
issues, mixing knowledge from astronomy, biology, chemistry, physics, geology,
sociology, politics, history, business, etc (Davidson, 1999). As Richard Feynman said: "If
our small minds, for some convenience, divide this glass of wine, this universe, into parts physics, biology, geology, astronomy, psychology, and so on - remember that Nature does
not know it! So let us put it all back together, not forgetting ultimately what it is for"
(Wikiquote, 2011; Hey & Walters, 1987, pp. 168). This works also for education. There is
a need for multidisciplinary humans, for multidisciplinary education, and for
multidisciplinary professors - new Renaissance Men to unify different types of knowledge
under the same person and under the same college course.
To understand the surrounding world, people need to understand science. However,
human nature does not start and end in science – human nature is a complex web of
different subjects, preferences, expertises, pleasures, and so on. To bring everybody into
science fields, the education of science needs to include all these different aspects; the
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education needs to be inclusive, and thus it needs to be multidisciplinary. When students
become aware of the connections between the different sciences, they become much more
interested in the subjects (Marin, 2000). In a classroom, science needs to be included with
literature, art and other facets of the human culture, in a repertoire wider than the seven
liberal arts of the past (Wikipedia, 2010a); only then education can provide a clear image
of the holistic and interdisciplinary character of the human knowledge (Rhodes &
Schaible, 1989). Instead of a content-based course, a multidisciplinary course is more fit to
the world that we live in, and to our life in general.
As mentioned before, astrobiology is an multidisciplinary science (DeVore, 2004), and
that's one of the advantages for the world that we live in. Astrobiology, which straddles the
boundaries between science, art, religion, and philosophy, provides an ideal starting point
for discussions about the public and cultural placement of science (Oliveira & Griffiths,
2010).
This section will discuss the relationship between different natural sciences, social
sciences, artistic disciplines, religion, controversial issues, advantages of science, and
subjects that have meaning to students and the general population.

A) Natural Sciences
A science course, in order to produce scientific literate non-science major students,
should have, at least, basic notions of different sciences - there should be an overview of
diverse science knowledge (Trefil & Hazen, 2003).
Astrobiology is an interdisciplinary science, with concepts from natural sciences like
astronomy, physics, biology, chemistry, geology, ecology, and so on (Mason, 2003). Thus,
the astrobiology course includes all these subjects in the science section.

B) Social Sciences
Social sciences are not really science (Feynman, 1999, pp. 22, 195), but this does not
mean that they should be discarded.
When one refers to social sciences in a science work, immediately comes to mind C. P.
Snow's Two Cultures (1959). This expression entered our cultural lexicon (Dizikes, 2009)
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about 50 years ago (Wikipedia, 2010b), when Snow realized that there are two distinct
cultures (Dacey, 2004), natural sciences and other domains of knowledge like social
sciences, humanities, economics, arts, etc (Yu, 2007). He focused on a gap of
understanding between scientists and literary intellectuals (Williams, 2009) - a "gulf of
mutual incomprehension" (Mooney & Kirshenbaum, 2009). Snow realized that this gulf
between two cultures was not merely an obstacle to scientific progress but even
represented a threat to the survival of western civilization (Balamuth, 1997). Snow stated
that science is already too important in today's society; a culture that misunderstands
science, that fails to comprehend the advancement of knowledge and the progress of
technology, is walking towards disastrous consequences (Williams, 2009). Thus, it's vital
for our culture (Whelan, 2009) that practitioners in both areas build bridges, to further the
progress of human knowledge and to benefit society (Krauss, 2009).

Figure 2.1 - Astrobiology is the bridge between Natural Sciences and Social Sciences.
Adapted from an image by Matt Collins, in the Scientific American (Krauss, 2009).
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Snow professed that sciences should come together with the humanities, unifying the
disparate camps (Mooney & Kirshenbaum, 2009), in order to understand human nature (a
complex web of subjects, preferences, characteristics, expertises, pleasures, attitudes, ways
of thinking, feelings,…) and the world in a deeper, more holistic, and complete manner.
This is similar to the concept of anthropology, which incorporates natural sciences and
social sciences. And this is also exactly what astrobiology, and the astrobiology course
brings: an unification of natural and social sciences.
Snow also suggested a "third culture" (Dizikes, 2009), made of social scientists that
would communicate with both camps, rendering visible the deeper meanings of our lives,
redefining who and what we are (Brockman, 1991). In fact, what happened is that literary
intellectuals are not communicating with scientists, but scientists are communicating
directly with the general public (Brockman, 1991), in order to broader public
understanding of science and support from the government (Dizikes, 2009).
Although he discussed the Two Cultures, Snow also considered that science should be
the one leading humanity in terms of exploration (space, technological, medical, etc)
(Snow, 1959). The deeper point of his work is that science, above all, will keep us
prosperous and secure (Dizikes, 2009). Like Thomas Henry Huxley (Whelan, 2009), Snow
believed that the sheer force of science cannot be restrained, and that it will change the
world - for the better (Dizikes, 2009). This is also one of the characteristics of the
astrobiology course: putting science first, and show the advantages that it brings to us and
how vital it is to our future.
Although I agree with Snow in all these ideas, there are a couple things that I totally
disagree with him. C. P. Snow assumed that the natural sciences are objective. However, if
Einstein and the Quantum Physics are correct, then science is showing the subjective
nature of reality (Davies, 1980, pp. 108), of time, of the Universe (Rucker, 1984, pp. 186).
There may be a pre-existing external reality, an underlying level of objectivity (like
Einstein defended, although he couldn't prove it), but current knowledge seems to tell us
that reality is a construction of the observer (Rucker, 1984, pp. 193; Wheeler, 1980). C. P.
Snow also assumed that social sciences are subjective and that natural sciences are
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objective. However, he failed to see that within science, there's a divide between those who
see the scientific process as objective, from those who see it as subjective. I will discuss
these different opinions in detail in the Nature of Science section.
Perhaps, an analogy that applies here comes from the painting by Raphael called
School of Athens (Wikipedia, 2010c). Not just it shows, in one work of art, several
scientists and philosophers under just one roof, but the central image shows Plato pointing
to the sky, and Aristotle pointing to the ground of Earth, as if they were separated, as if
there was a separation, as C. P. Snow proposed.

Figure 2.2 - Plato and Aristotle in the painting School of Athens (Wikipedia, 2010c)
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Cicero (106 BCE - 43 BCE) mixed these two philosophers by writing this famous
quote: "The contemplation of celestial things will make a man both speak and think more
sublimely and magnificently when he descends to human affairs". In fact, Newton brought
together the sky and the Earth, showing that the same laws apply everywhere. This same
idea is applied in the astrobiology course: all disciplines under one same roof, not just
because students are from different scientific and social areas, but especially because
astrobiology is an umbrella that brings together both the natural and the social sciences. As
it happens, in astrobiology education there is no experiments with aliens, so, following
Snow's distinction, it may be seen more as philosophy than science (reason-based logical
analysis vs. empirically-based hypothesis testing), which is as much as important as the
scientific experiments themselves (Pigliucci, 2009).
Don't get me wrong: astrobiology also incorporates a lot of science-based experiments
and evidences, especially when dealing with microbiology, extrasolar planets, etc. But it
also has a large component of social issues and discussions.
The astrobiology course starts by giving an historical overview of the discussions about
astrobiology, from antiquity until our days. When discussing the Drake Equation, the last
two factors deal with sociology and psychology. Also, throughout the course, the
connection to society through sociology and psychology ideas will be discussed. Lastly, in
the last two sections especially, when dealing with UFOs and Science Fiction, social
sciences will prevail. The course also discusses interstellar travel, which incorporates
another social science, politics (Stewart, 2004), into the course, since Obama's new plan to
explore space is debated in class. A major characteristic of the course, and the one with
more weight in the final grade, is the written project that unites astronomy or astrobiology
to their own major. Students have to combine both subjects into a proper essay, under a
unifying theme. Thus, this is a perfect combination of the "Two Cultures", since the
students are mostly from journalism, literature, economics, business, government, history,
music, ats, and so on. Additionally, this project expands their mind into thinking that they
can continue thinking about astronomy/astrobiology for years to come, in their own works,
and also connects them to society by thinking about a potential future job they can have.
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Like John Dewey defended, there has to be an integrated approach, where the
community should be acknowledged and integrated into the classroom (Blaich et al., 2004;
Kliebard, 1987). Following Vygotski (1962), there needs to be a a social dimension
(Goldstein, 1999; Doll, 1993). Paul DeHart Hurd (1998) argues that the "traditional
concept of a discipline (biology, chemistry, physics, earth science) as entities no longer
have much meaning", thus there should be no fragmentation, but integration, crossdisciplinary, "hybridization". "Science is becoming more holistic in nature, blending the
natural and social sciences. This transdisciplinary approach provides for a broader form of
research for dealing with science/social problems" (Hurd, 1998, pp. 409). He even claims
that at this rate of hybridization, sometime in the early part of the 21st century there may
be but one science (Branscomb, 1981). Astrobiology could be that science that portrays the
best in science. Astrobiology is a perfect combination of natural and social sciences,
which, when integrated, will not be perceived as "island-sciences" with no relation among
themselves (Tyler, 1949) - which is a misconception people have.
Finally, the course gives the students a perspective of the future, by making them think
about future discoveries (i.e., the discovery of extraterrestrial life), future technologies
(example: in the space exploration issues), and their own future. Additionally, the
competent thinking throughout the course, helps them prepare for their life in the future
and how to deal with the issues that they will be seeing in society and in science (Rudolph,
2002).

C) Art
Science can also be integrated with the arts.
Astrobiology is portrayed in artistic productions (examples: paintings, movies, etc),
and astrobiology also makes contributions to art.
Throughout the course, but especially in the last section, science fiction in films and
literature are mentioned a lot. In the classes about UFOs, art history is also mentioned
enormously, either with prehistoric cave paintings, ancient sculptures, and religious art.
They seem to portray alien figures or UFO spacecrafts. Although a closer look, and a
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critical analysis, to these unusual and controversial works of art may point to more
mundane interpretations.

D) Religion
Religion and science are interrelated.
Everybody has beliefs, including scientists (Consolmagno, 2008, pp. 22). And beliefs
are inherent to the development of scientific knowledge (Lederman, 1992). However, when
those beliefs are at odds with science, we see fundamentalist movements, like Creationism,
which goes against critical thinking, scientific methods, and educational value in general.
Most of it is based on a poorly understanding of the nature of science, and therefore
science classes can erase some of those misconceptions.
One misconception held by the general population is to think that science is a question
of belief. This happens most probably because science is usually transmitted in schools and
also in informal environments, such as science centers, books, articles, and so on, as being
"the truth", something that must be believed instead of understood. Science is viewed as a
belief! (Oliveira, 2008)
Another misconception is that people don't recognize all the science around them there appears to be a disconnect between science and the general population. By saying
that they don't believe, for instance, in evolution, people are not only saying that they don't
understand science, but they are also saying that they do not believe in the scientific
process. This is shocking, since they enthusiastically use televisions, aircraft, computer
games, cars, ultrasounds, and cell phones, all of which work on scientific principles and
were developed using the scientific process. It's as if I said that I do not believe that my car
works while I'm driving it. It makes no sense for people to fully trust science in certain
areas - like when their life depends on it in a hospital - but not in others that follow the
same scientific principles; and it makes even less sense for people to state that they do not
believe in science (evolution, for example) while using and trusting it (example: television)
(Oliveira, 2008).
A common misconception, including in textbooks (Feynman, 1999, pp. 173), is to
think that science, like religion, is about a priori certitude, when in fact it's the opposite:
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scientists question, doubt, have uncertainties (Feynman, 1999, pp. 146), and that's why
they do experiments that will have conclusions based on probabilities, based on what is
more probable (Feynman, 1999, pp. 104), based on what is more or less likely (Feynman,
1999, pp. 248). It is a habit of thought, an attitude of mind: an attitude of uncertainty
(Feynman, 1999, pp. 248). For example, for science the question is not if there is a God, or
give an answer certain that there is a God, but the questions are: how likely is there to be a
God, where are the evidences, and can the phenomena be explained without that
assumption? (Feynman, 1999, pp. 249) Science is based on doubt; in religion, that would
mean doubting God, its word, its existence, its son (Christ), and so on (Feynman, 1999, pp.
251). Science is based on the freedom to doubt (Feynman, 1999, pp. 112, 247), on freedom
of thought (Feynman, 1999, pp. 186) - a characteristic of democracy (Feynman, 1999, pp.
251) -, which promotes a deeper understanding of nature (Feynman, 1999, pp. 200). In this
sense, science and religion are incompatible (Feynman, 1999, pp. 111, 254).
Yet another misconception is the statement: "it's just a theory". And between the "word
of God", and "just a theory", people imagine that it's a simple choice. However, the
problem comes from most people not understanding the meaning of a scientific theory.
They assume a theory is just an idea that someone had. However, although there are
different types of theories, most scientific theories, like Evolution, are multidisciplinary,
and not just about one domain of science. Most people don't realize that a proper scientific
theory, like Evolution, was and continues to be, tested repeatedly, and the results of these
tests create a bulk of evidence supporting the theory, making it as close to "fact" as it can
be. Like Jennifer Trusted (1979) argues, a scientific theory explains observed regularities,
relates entities to observation, so that their existence can be inferred (even when direct
observation is not possible), and also predicts new observations that will be made (Trusted,
1979). A new scientific theory has to explain the new puzzle, new mystery, and still be
consistent with all the previous explanations that still work well (Hey & Walters, 1987, pp.
1); the new theory must also make better predictions than the older one (Hey & Walters,
1987, pp. 1). Furthermore, people have difficulty comprehending that the gaps in our
understanding are minor details that do not bring the overall theory into question. We send
probes to other planets, we have computers, we deal with science daily, even though we do

41

not fully know how the Universe works; and we don't need to! A scientific theory, like
Evolution, or Gravity, cannot be questioned just because it doesn't explain everything yet.
Science is not a finished endeavor, which is a misconception promoted in science classes
(Lederman, 1992; Finley, 1983). Not everything is known! (Oliveira, 2008). Science is not
the absolute truth, like textbooks and traditional teaching tend to emphasize (Rhodes &
Schaible, 1989); science cannot be evaluated on those terms, like religion is. Discussions
about the constant astrobiology news are perfect as a strategy to erase this misconception.
Science is work in progress; it is an ongoing human endeavor. Science is like a game of
chess, where we try to discover the rules of the game by watching the pieces move
(Feynman, 1999, pp. 14). We cannot deny the evidences just because we do not know
everything about that subject (Feynman, 1999, pp. 110). This is how science tries to
understand the rules of nature. The rules that are unexpected are the most interesting ones,
because they bring new possibilities and new knowledge (Feynman, 1999, pp. 14). Science
is an ongoing process that will always try to have a better and deeper understanding of the
laws of nature (Feynman, 1999, pp. 14). Science is exploration, it's the adventure into the
unknown (Feynman, 1999, pp. 256), with the goal of finding out more about the world
(Feynman, 1999, pp. 23). Science is gradual accumulated knowledge (Feynman, 1999, pp.
192). Science will never be fully complete, otherwise curiosity, and thus part of what it is
to be human, would die (Oliveira, 2008).
As Thomas Huxley said (Kaku, 1994, pp. 313):
"The known is finite, the unknown is infinite; intellectually
we stand on an islet in the midst of an illimitable ocean of
inexplicability. Our business in every generation is to
reclaim a little more land."
All these misconceptions bring the idea that schools should teach the controversy, the
different ideas. However, this is not a scientific controversy, and if science classes teach
every single crazy alternative for every idea out there (examples: The Church of the Flying
Spaghetti Monster (2005), as an alternative to Evolution; or Intelligent Falling (The Onion,
2005), as an alternative to Gravity), students would finish college with the equivalent to
5th grade science, because it would take a lot of time. Science classes should teach the
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scientific reasoning, the logical way of thinking, while religious classes (and churches)
should teach notions based on belief and faith. They are based on different methods, on
different approaches to the world, on different assumptions about how to think, so they
shouldn't get confused between each other, they shouldn't pretend they are the other one,
they shouldn't wrongly disguise themselves as the other one.
Astrobiology can erase these misconceptions by bringing everything together and
showing that the scientific reasoning is used everywhere. Additionally, astrobiology,
especially with respect to extraterrestrial beings shown everywhere, has already
incorporated a belief system. In the last ten years, Gallup, Roper, ABC, CNN, and many
other polls, have clearly shown that most Americans (and the same happens with
Europeans) believe in alien life. A Newsweek Poll in 1995 revealed that 29% of
Americans believe that we have made contact with aliens and 35% believe that space
aliens have visited Earth. In 1996, a Gallup Poll in USA showed that 48% of Americans
believe in UFOs, although "only" 12% saw one, and 72% believe in the existence of
extraterrestrial life! A Gallup Poll in 2002 showed that almost 50% of American citizens
believe that Aliens come to Earth and contacted them! In 2006/2007, an internet study
showed that 85% of the people believe in extraterrestrial beings visiting the Earth! Thus,
this is certainly an important and engaging subject to people. Instead of ignoring this belief
system, the teaching and communication of astrobiology can use this belief in its favor, by
clearly demonstrating the line separating beliefs from scientific knowledge. Useful issues
in this regard may be science fiction and ufology. A critical analysis of these subjects helps
to distinguish scientific knowledge from scientific speculation and from plain beliefs
(Oliveira, 2008). Moreover, since astrobiology has already incorporated a belief system, by
comparing the ideas of different cultures and throughout time, astrobiology can show the
bias imbedded in the belief systems, in terms of place and time, since it depends on the
place where one is born and the short time period where one is alive. In addition,
astrobiology, as a science, can bring discussions about moral conduct to the public
(Feynman, 1999, pp. 245), without having to follow a religious ideology (Feynman, 1999,
pp. 253). Furthermore, astrobiology can emphasise tolerance by the others' opinions,
accentuate reason to evaluate different arguments, and show that knowledge is complex
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(that needs construction, reflexion, and education) and it's not "black & white". Therefore,
astrobiology can clearly differentiate science from religious fundamentalism, without being
intolerant to religion or using negative arguments to promote the wonderful world of
scientific reasoning. Thus, without using negative arguments, astrobiology can highlight
empirical evidence, opposing it to miracles or myths that distort our comprehension of
nature (Krauss, 2009).
Nevertheless, astrobiology doesn't have to take away the magic and supernatural.
Astrobiology can show that science is still magical, wonderful, and is able to generate
several questions without answers. Auroras in the sky are magically beautiful, but can also
be explained by science. Planes fly, e-mails are sent, television works, light bulbs
illuminate, and GPS find us in a sort of magical way, outside of the understanding for the
ordinary person, but that scientists are able to comprehend (Feynman, 1999, pp. 186). It's
outstanding amazing that we are able to realize that there are 200 billion atoms in this dot
at the end . This is the WOW factor that science is still able to provide (Highfield, 2002,
pp. 167). If this view of the "supernatural" is enlarged to the entire universe, then we have
a sort of a cosmic vision. Science does not provide a belief in a personal God or in
religious dogmas in a conventional western sense, but provides a more holistic, enlarged,
tolerant, inspiring, unifying approach to the understanding of the Universe (Feynman,
1999, pp. 246).
During the astrobiology course, religion and beliefs are mentioned a lot. The course
starts with an historical overview of the idea of extraterrestrial life, and it is filled with
religious persons and religions discussions. In fact the beginning makes the parallels
between the ideas of "gods in the sky", and "aliens in the sky". Thus, the course is involved
in religious undertones throughout most of it content, with the exception of the scientific
part, especially in the historical section and the UFO classes. The course also tries to
provide the WOW factor, and the cosmic vision, that astrobiology and science in general
exerts.
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E) Pseudoscience
What was said for religion, can also be said for pseudoscience beliefs, like faithhealing (Feynman, 1999, pp. 106) or astrology (Wolke, 2000, pp. 142). Pseudoscience
ignores and/or despises scientific results (Feynman, 1999, pp. 108, 110).
We live in an unscientific environment (Feynman, 1999, pp. 106). Society is
impregnated by superstitions, which may have been an advantage in the past (Feynman,
1999, pp. 103), but it inhibits scientific progress nowadays. Science is accumulated
knowledge (Feynman, 1999, pp. 192), and within that knowledge comes incorrect, strange
beliefs and prejudices which are diseases (Feynman, 1999, pp. 185). Critical thinking
based on scientific knowledge is needed to separate the correct accumulated knowledge
from beliefs (Feynman, 1999, pp. 206).
The South Sea Islanders made airfields, wooden airplanes, and wooden radio towers,
expecting wood planes to fly and great airplanes to bring them food. But this
pseudoscience imitation didn't work (Feynman, 1999, pp. 187). It is missing the proper
scientific experiments (Feynman, 1999, pp. 215, 216). It was Cargo Cult Science, and not
real science (Feynman, 1999, pp. 209). It's pseudoscience (Feynman, 1999, pp. 242). The
belief that a piece of rhinoceros horn increases potency is incorrect (Feynman, 1999, pp.
205). Astrology is based on pseudoscience beliefs which are wrong in relation to today's
knowledge of the skies. UFOs are based on pseudoscience beliefs that we are very
interesting in the Universe, with no ground on our current knowledge of the Universe
(Feynman, 1999, pp. 206). Faith-healing practices are contrary to medicine and to our
knowledge of our the universe works, and in fact those practices are only a way for
money-hungry people to deceive others. Uri Geller does not have any special powers and
cannot bend keys with only his will (Feynman, 1999, pp. 207). Telepathy is a "paranoid
fantasy" related to the idea of being able to exert control over the world and others, by
transmitting thoughts to other people using "invisible powers" (Rucker, 1984, pp. 191).
Psychic claims are related to the idea that there are some mysterious powerful invisible
rays that we can use for our advantage when dealing with the outside world. Historically
this idea comes from a few centuries ago, when scientists were discovering the
electromagnetic spectrum - which, apart from visible light, is constituted with powerful
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rays that are invisible to the human eye, like ultraviolet radiation, x-rays, radio waves, etc and fraudulent people took advantage of this uncertain knowledge at the time, to deceive
the general population with ideas that had nothing to do with the science at hand. Since the
general population didn't know - and still are not aware of much of the knowledge
regarding the electromagnetic spectrum - then it is a ground for dishonest and
unscrupulous personages to trick others. Many other pseudoscience frauds are abound in
our world.
Science is based on experimentation, while pseudoscience is based on subjective
beliefs.
The scientific method was superbly summed by Richard Feynman:
"In general we look for a new law by the following process. First we
guess... No! Don't laugh - it's really true. Then we compute the
consequences of the guess to see if this law we guessed is right - what it
would imply. Then we compare those computation results to nature - or, we
say, to experiment, or experience - we compare it directly with observation
to see if it works. If it disagrees with experiment, it's wrong. In that simple
statement is the key to science. It doesn't make any difference how
beautiful the guess is, it doesn't make any difference how smart you are who made the guess, or what his name is. If it disagrees with experiment,
it's wrong. That's all there is to it." (Hey & Walters, 1997, pp. xi).
Richard Feynman is basically saying that the tenets of the scientific method are:
observation, generating hypothesis, experimentation, and predictive power. If the results of
the experiments disagree with the beliefs of the persons, then the beliefs are wrong.
Pseudoscience believers do not adhere to the rules of scientific experiments, and
constantly argue based on fallacies. For example, pseudoscience and conspiracy believers
do not understand the Error Type I in Statistics, and thus commit the mistake of seeing
coincidences as "meaning something more than mere chance" (Rucker, 1984, pp. 183).
A critical analysis of these pseudoscience subjects can help distinguish scientific
knowledge from irrational positions (Oliveira, 2008). People need to learn how to judge
the evidence (Feynman, 1999, pp. 104).
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F) Misconceptions
Students are not "blank slates" on which teachers can simply write new knowledge
(Lawson, 1988). Students attend classes with their own personal ideas about the natural
world (Petrosino, 1997), and some of those ideas are naive ideas about the world,
misconceptions in all areas of science (Duit, 2006), including astronomy (Comins, 2010;
Bailey & Slater, 2005; Bailey & Slater, 2003; Prather & Harrington, 2001; Comins, 2001;
Comins, 2000; Williams, 1999; Schoon, 1992; Guesne, 1985; Terry et al., 1985; Watts,
1985; Watts, 1982; Stead & Osborne, 1980; Schatz et al., 1978), cosmology (Prather et al.,
2002), and astrobiology (Offerdahl et al., 2002). Those misconceptions can and should be
used as grabbers in science classes (Huber, 2001; Baxter, 1991). They should not be
ignored (Bransford et al., 1999, pp. 10). However, those "hooks" can only be used if
science teachers erase their own misconceptions (Abd-El-Khalick, 2005; Lynch, 2000)
about the scientific subjects (Abd-El-Khalick & Lederman, 2000; Abd-El-Khalick, 1997).
Using those misconceptions from the students (Nelson, 1999) is crucial to fostering
effective learning (Pasachoff, 2002; Schatz & Lawson, 1976), and will make the students
feel they are gaining new knowledge to replace the incorrect knowledge they had before,
and thus this will make sense and give meaning to the students (Zeilik et al., 1998).

G) Controversial Issues
Controversial issues are dealt by the students in a varied and complex way that needs
much more research about it (Zeidler et al., 2002). Schommer-Aikins and Hutter (2002) did a
study concluding that controversial issues may foster the development of epistemological
beliefs, so in this sense the bringing of controversial issues to the classroom is beneficial to the
learning of the student, although, as Limon (2001) points out, there are individual
characteristics that may affect negatively the use of controversial issues and/or cognitive
conflict strategies as an instructional strategy; and how to measure individual differences that
may be unknown variables is a methodological limitation of the studies. Also, in controversial
issues people evaluate information by accepting categorically only the information that agrees
with their beliefs, distorting or ignoring the information that are in opposition to their beliefs,
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and use the distorted information to booster their previous beliefs (Kardash & Scholes, 1996).
Moreover, the more students believe in certain knowledge, the more bias they will be in their
conclusions and the less engaging they will be throughout the activity (Kardash & Scholes,
1996). Furthermore, Sinatra et al. (2003) found no relation between the students' beliefs and
the acceptance of the theory of evolution, and no relation between understanding and
acceptance of the theory (which means that content knowledge is not everything). Their study
also suggested that beliefs and willingness to question those beliefs are very important when
students are starting to learn about the scientific theory; they are more important than content.
Additionally, the relationships between beliefs, knowledge, understanding, dispositions and
acceptance of the theory depend on the controversial topic being studied; so those
relationships are domain-specific and should not be generalized to other topics.
So, the use of controversial issues in a classroom may not have the desired effect on the
students and it seems clear that just exposing students to controversial issues does not lead
them to adopt or acknowledge multiple perspectives, does not engage them in the activities,
does not make them think deeply on the issues, and does not make them have a deeper
understanding of the nature of science.
However, there are many advantages to teaching controversial issues, and as Pam Riss
(1991) defends, the advantages far outgrow the disadvantages, especially if there is discussion
of current science news, and student reports of their thoughts about the science controversy self-reflection is key.
For instance, current scientific discussions about what is life?, what is a planet? (Britt,
2003; Britt, 2000), what is a moon? (Britt, 2003; Britt, 2002), is there water in the universe?
(Wilford, 2003), water discovered on the Moon, sugar discovered in interstellar clouds, new
methods to detect extrasolar planets, etc, can be used as great grabbers (Riss, 1991) and
explain the ongoing process of science. In the same way, less controversial but more
mysterious and fascinating cosmic objects like black holes can be discussed in the classroom
in a engaging and meaningful way (Science@NASA, 2003), including with controversial
related subjects like wormholes.
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A controversial topic like astrobiology, where students are willing to learn more and where
they are already engaged and motivated by the topic, allows them to question their own
beliefs, including in other areas.
In the astrobiology course created at The University of Texas at Austin, the feedback of
the students showed that not just they questioned their own beliefs, but most of them changed
their ideas of (beliefs in) extraterrestrial life, some of them changed their views on the nature
of science, and a few of them even changed their personal religious beliefs.
Thus, the teaching of controversial issues seems to be positive for competent thinking.

H) Creativity
A scientific mind is exposed to bold new ideas, intelligence, and optimism.
Astrobiology enhances all that. Astrobiology develops creativity with its subject as a
whole, but also in particular issues like thinking about life as we don't know it, or in
solutions to solve the Fermi Paradox.

I) Advantages
Most people are unaware of the many advantages of science. They see science as
something intangible, magical, done in labs, and not related with "real life". Moe Szyslak,
the bartender in The Simpsons, expresses this general feeling in the episode "Lisa the
skeptic" when he says: "Science? What's science ever done for us?" (Halpern, 2007, pp.
vii). The truth is that science is everywhere in our culture and our world (Poskitt, 1997, pp.
5), so it's crucial that people learn what science really is (McComas et al., 1998; Mathews,
1994). This is one of the advantages of learning science: being able to better understand the
world that surrounds us (Goldsmith & Kantrov, 2000), and thus make better decisions as
informed citizens (Olson et al., 2008).
Science teaching should develop civic scientific literacy in the students, allowing them
to see how science relates to society, enhancing their capacity to make better decisions and
positively influence the world. By teaching this idea of how our lives and our knowledge
depend on science, and improve due to science, then astrobiology will also improve the
attitudes of students (leaders of tomorrow) towards science.
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Science is able to explain where we are in the Universe, allow us to know incredible
facts about planets millions of miles away from us, understands the blood system in our
bodies, explains why gravity works, gives us clean water to drink, eradicated smallpox and
many other diseases, comprehends the mechanisms of evolution, cure us with an amazing
modern medicine, build sanitation processes, fly planes, send e-mails, make television
work, allows the existence of GPS, extended the lifespan of humans from 25 to 75 years,
among innumerous others incredible feats of knowledge (Feynman, 1999, pp. 142, 143).
Scientific thinking provides us our worldview! Although science is a way of thinking
that brings a lot of knowledge, most people would equate its advantages with the
applications of science: from glasses, watches, clothes, cell phones, microscopes,
computers, internet, cars, telephones, planes, to interstellar probes; technology based on
science is everywhere in our modern world. In the 15th century, there were no televisions,
computers, airplanes, antibiotics, credit cards, microwave ovens, electricity, or cell phones
(Standage, 1998, pp. vii). Today, there is all that, and much more!
Science inspires people (Feynman, 1999, pp. 252) and satisfies the human need of
curiosity (Feynman, 1999, pp. 240). The beauty and wonders of the Universe can only be
understood by the awe-inspiring exciting science (Feynman, 1999, pp. 185).

J) Motivation
It is often claimed that the general public feel disenfranchised by science, yet the
growth of popular science in the broadcast and print media suggests that there is also
widespread interest in the questions science poses. Nevertheless, students' motivation
depends only on their personal experiences with science college classes and not their
personal motivation towards science. In relation to classes, people feel that almost nothing
is taught to them at school, but they would really like to be taught Astronomy (Ottavianelli
& Good, 2001). So, they are not motivated in classes, but they would like to be.
Kim (1995) also found out that students who reason well, score higher in science
content examinations, and have stronger science process skills and more interest in science
(Kim, 1995, pp. 42). Thus, motivation is important for reasoning. Additionally, there are
studies that show that critical thinking is best learned when students are self-motivated
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(Dellet et al., 1999) and they apply the critical thinking to issues that are relevant to their
lives (Bomer, 2000). With motivated, engaged, curious students it is much easier to
develop their critical thinking skills (Dellet et al., 1999). Thus, motivation helps critical
thinking.
Science is an inspiring subject (Feynman, 1999, pp. 185), that should be song by poets
(Feynman, 1999, pp. 145). Astrobiology can provide the WOW factor and the cosmic
vision that science exerts.
Astrobiology is perfect, because students are already motivated by the subject. People
are fascinated by alien life, making students will be inherently motivated, curious and
engaged by astrobiology issues (Sullivan & Morrison, 2008; Slater, 2006). The subject of
astrobiology is appealing in attracting people to study science, the ongoing scientific
process, and the nature of science (Oliveira, 2008). With the correct delivery method,
students can have engaging classes, they can be inspired, and this will promote their
interest for science as a whole.

K) Meaning
People feel that almost nothing is taught to them at school, but they would really like to
be taught Astronomy (Ottavianelli & Good, 2001). However, what they really mean is a
different thing. What people mean is that they feel that nothing useful for their current and
future life is taught to them at school (Holbrook & Rannikmae, 2009; Osborne & Collins,
2001; Hurd, 1998; Holbrook, 1998). Students should study issues that have meaning to
them (Marble, 1992, pp. 43; Songer & Linn, 1991, pp. 766), as John Dewey defended
(Kliebard, 1987).
Paul DeHart Hurd (1998) states that in this continuously changing world, the goal of
education should be to prepare students to be "socially responsible and competent citizens"
(Hurd, 1998, pp. 409). Thus, schools should teach subjects in a way that they are relevant
to the life of every student (Hurd, 1998), and that allows them to make better decisions
(Hurd, 1998).
It's important to show science as relevant to the students and to their environment
(Holbrook & Rannikmae, 2009). Another advantage that will come from this, is that
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students will feel motivated (Keller, 1983), engaged, and will like science (Wright, 1992).
"Students should see science in a way that makes sense to them, in a practical way taking
in consideration their habitat" (Waldron, 1998). "Relevance becomes a trigger to motivate
students" (Holbrook & Rannikmae, 2009, pp. 284). Students will be motivated to discover
and learn new knowledge useful to their lives, because it will be meaningful to them
(Benenson, 2001; Feynman, 1999, pp. 176). As Barack Obama stated: there must be a
commitment to do what's meaningful to people - that's the spirit that "makes a difference in
this world" (Obama, 2009a).
The world is constantly changing; however, only seldom the current world enters
science classes. Science classes often present facts, as if everything was already known.
Science is taught as something complete, a finished endeavor (Oliveira, 2008). This is a
misconception that people will carry with their lives. The solution is to bring current news
to the science class (Mason, 2003). Bringing what is in the society's minds at the time
(Barrows, 2002), will give meaning to the students, and help to diminish the
misconceptions many people have about the nature of science (Bailey & Slater, 2003).
"With the fast pace of information acquisition in modern society, the maintenance of
scientific literacy requires an audience tuned in to the new discoveries (Scearce, 2007).
Astrobiology is perfect for this. Almost daily we have news related to one of the sciences
spanned by astrobiology, which gives the notion that science is a work in progress
(Oliveira, 2008).
Moreover, it is often claimed that the general public feel disenfranchised by science,
yet the growth of popular science in the broadcast and print media suggests that there is
also widespread interest in the questions science poses. However, there is also more access
to incorrect information (Oliveira & Griffiths, 2010; Hart, 2009). When the Media shows a
dinosaur with a bird head and states that because we can't find an animal like this one then
the conclusion is that the Theory of Evolution is wrong, then something is wrong with
what is being transmitted to the population and it must be addressed in the formal
education settings, like science classes. When people don't understand that the Colbert
Report is a satirical problem, and they believe Colbert is actually a Republican (the same
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way some people didn't realize Archie Bunker was a satire), then something is wrong with
their critical thinking.
On the other hand, in TV news science reports, only new, possibly still unconfirmed
discoveries at the frontier of science are emphasized. This can give people the mistaken
impression that all scientific results are as shaky and as vulnerable to revision as the latest
discoveries. But this is not the case: most science is not vulnerable at all. We don't hear
much about it, because is not newsworthy. It is important that people know where the
boundaries lie. Science education needs to focus on this too (Oliveira, 2008).
Other times, perfectly confirmed science is mistreated on the news, as if it is shaky
science. For instance, evolution is a fascinating subject and can be a very inspiring story.
It's the foundation of modern biology. However, as mentioned before, sometimes it is
treated on TV news as if it is on the fringe. Again, it is important that people know where
the boundaries lie. And since these are on the news, it provides meaning and a real
connection to daily life to students.
Due to all this, the astrobiology course at The University of Texas at Austin takes 20%
of the time of every single class to discuss recent news events about astrobiology. Besides
taking the first 15 minutes of each class, the rest of the scientific content is also very
updated-oriented, with a high concentration of recent news, in order to promote the idea
that science is an ongoing process, and to provide meaning to the students, since they
watch the news on their daily life.
Another great grabber, that is still related with the news (when they are current), and
thus provide meaning to students, is Science Fiction movies and series (Mason, 2003). The
use of Science Fiction makes concepts less abstract and more concrete and it's also a great
way of teaching accurate science (Fraknoi, 2003) - there are great science fiction stories
made by people with an advanced degree in science (examples: Fred Hoyle wrote Black
Cloud about extraterrestrial life and October the first is too late about quantum mechanics,
Arthur C. Clarke wrote The Sentinel where he included the idea of communication
satellites, and Carl Sagan wrote Contact (1985) about SETI and CETI). Science fiction is a
great way to teach science, as defended by the Nobel Prize winner Isidore I. Rabi (Kaku,
1994, pp. xii). So, using movies as grabbers is great to teach science (Dumé, 2004) and
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also to tell science as a story (Fraknoi, 2003; Milne, 1999), erasing some misconceptions
about the nature of science. Science Fiction movies and novels can also be used to teach
real science by, for instance, make students look for scientific errors on those stories
(DeVore, 2002), like some educators already do (Plait, 2002). Science Fiction can teach
science and its scientific method, help students to prepare for an uncertain future, and
envision dangers and possibilities of the future (Fraknoi, 2003), providing critical thinking
not just for the current world, but also for the world of the future (Feynman, 1999, pp.
176). Additionally, since these science fiction stories deal with different aspects of science
and its relation to social issues, it makes this astrobiology example the perfect hook to
attract people to study science, to enhance the student's critical thinking, to promote a
better understanding of the nature of science, and to clearly visualize the interdisciplinary
aspect of science. Furthermore, there is a public fascination for the possibility of life in the
Universe (Bode et al, 2008, pp. 95; Jenkins & Nelson, 2005; Institute of Physics, 2001),
that we can also see in the movie attendance - there are several science fiction movies with
extraterrestrial life that have been great box-office successes. This shows the interest and
inherent motivation that the general population have in astrobiology-related issues, which
translates to students, and provides not only motivation to them, but also provides
meaning-making to them, since it's related to their lives. These are reasons why the
astrobiology course created at The University of Texas at Austin has an entire section
dedicated to science fiction, and science fiction works are mentioned and discussed
throughout the entire course.
Yet another grabber that deals with news, has an inherent public fascination, and can
provide an excellent basis for critical thinking, is pseudoscience. Pseudoscience themes
like UFOs, Face on Mars, Monolith on the Moon, etc, can be excellent to provide a better
understanding of the scientific method, and to promote rational discussions while
scientifically analyzing the subjects. And since students are fascinated by these subjects
that periodically appear on the news, these discussions are meaningful to students. These
subjects are also covered in the astrobiology course.
Pseudoscience arguments used on scientific issues can also be discussed. As an
example, we have the Apollo missions and the pseudo-conspiracy behind it. This

54

conspiracy also shows up periodically on the news, and thus can be discussed in classes
about space travel (Mason, 2003), providing meaning to the students. In the astrobiology
course, the best class for a critical analysis of these conspiracy arguments is the class about
Interstellar Travel.
The Apollo missions were part of an effort that lead to the most famous event in human
history: the landing of a Man on the Moon. Famous real-life events like this one can also
be used as grabbers (Mason, 2003; Bialystok, 1995) since they were/are major news,
imbedded in multiple disciplines (from natural sciences to social sciences), that fascinate
the public, are meaningful to students, and provide a wonderful starting point for rational
discussions with competent thinking.
This method of utilizing real major events is already being used by the Event-Based
Science Institute (2004) to teach middle-school science (CSE, 2004). This program has 19
modules, which include, for instance, asteroid impact, earthquake, global warming,
volcano, etc, which are all based on real-life occurrences. It's an integrated and
interdisciplinary curriculum that makes connections between several science disciplines,
mathematics, and social studies, while using the "5 E" instructional model: engage,
explore, explain, elaborate, and evaluate. All modules are constantly updated with news
and new information, because it's more meaningful and relevant to students (CSE, 2004).
This program is being recognized as having a positive impact in the teaching of science
(EPMSE, 2001).
The SETI Institute (2004) also uses the same method. It takes advantage of the intense
interest in Extraterrestrial Life to provide a curriculum with the “5 Es” that integrates
astronomical, geological and biological sciences. One of the modules is about a radioastronomer that looks for sources of a radio signal, which is a current event in the life of
SETI scientists.
The Space Science Institute (2003) applied the same formula and used the real (and
current) event of the Cassini Mission. This program has a constructivist approach and
gives the chance for students to learn about the Saturn system and its mythology through
hands-on activities, inquiry, games, art, and poetry.
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The TERC (2004) created a science curriculum based on inquiry and hands-on, where
one of the modules is event-based. The Astrobiology module allows students to search for
life on other planets as scientists currently do. In it, students learn concepts from
chemistry, biology, Earth, space science, and engineering.
The Center for the Enhancement of Science and Mathematics Education (CESAME)
created the ARIES program, where students rethink their current ideas based on evidence
from current events that are provided to them.
All these examples of event-based programs utilize real-life events (in these cases,
events that are also part of astrobiology), current news, and interdisciplinary content, to
engage students, intellectually challenge them, and provide them with meaning-making
(Britton et al., 1999).
A more well-known version of these programs are the so-called project-based learning
programs, which have the same characteristics as before, and sometimes are also based on
real-events, even if they are future events, like the project-based unit Mission to Mars
(Petrosino, 1997) where the students have to plan a manned mission to Mars, in a
multidisciplinary real-life way.
Meeting advanced extraterrestrial civilizations, or finding simple extraterrestrial life, is
for sure a future real-life event (Barrows, 2002), a future key event in human history that
will be part of the students' experience (Barclay et al., 1999), and thus can be included in a
future event-based program. After all, this future real-life of finding extraterrestrial life will
be the most profound discovery of all human history. As Ellie Arroway stated: "You know,
to just sit back for one minute and look at the big picture. To take a chance on something
that just might end up being the most profoundly impactful moment for humanity, for the
history... of history" (Sagan, 1985).
Consequently, astrobiology should be used as a grabber - topic that students are
interested in (DeVore, 2002) - to teach science embedded in society.
Thus, it is possible to make students see astrobiology as something meaningful to life
(Doll, 1993), and to society as a whole, which they are part of. It also allows them to
discuss how to solve problems (Strauss, 2004; Mason, 2003), it enhances their critical
thinking, it captivates them, it has appeal, it increases their level of attention, motivation,
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and engagement (Kaspar, 1998; Wright, 1992), it promotes a better understanding of the
nature of science, it provides a better knowledge of different sciences and their relation to
society, and it gives them a sense of purpose (Benenson, 2001).
Astrobiology can even be turned into a curriculum, "the ideas, skills, and dispositions
that educators and content specialists identify as the important ones for students to learn"
(Goldsmith & Kantrov, 2000). Herbert Kliebard (1987) categorizes the curriculum
developers as: Humanists (emphasis in the preservation of tradition and values and in the
learning through memorization), Developmentalists (emphasis in the natural order of
development of the child, whom should be taught only when he/she is ready), SocialEfficients (emphasis in teaching only the subjects that the students would work with after
becoming adults), and Social-Melorists (emphasis in the influence that schools have on
social changes and social classes). Taking in consideration that in the course created at The
University of Texas at Austin, one of the most important examinations is based on a
project where students relate their own major/interest with astrobiology, then under this
classification, the astrobiology curriculum has a Social-Efficiency approach. William Doll
(1993) sees the curriculum as an open system, where challenges, disruptions, and chaos,
makes it a transformative process, based on meaning-making. Doll gives four criteria for a
well successful curriculum: Richness (a curriculum must have indeterminacy, inefficiency,
chaos, possibilities, and lived experience), Recursion (an integrated curriculum with no
beginning and no end), Relations (interactive curriculum based on the social relations of its
participants), and Rigor (combines indeterminacy, interpretation and a supportive
community for not falling apart). Astrobiology can have all these characteristics, since it's
an open subject with infinite possibilities.
Summarising, utilizing different approaches for different students (Feynman, 1999, pp.
176), science classes should promote critical thinking, have meaning to students in today's
world, and also provide students with the mental tools for them to deal with the unknown
world of tomorrow (Feynman, 1999, pp. 176). Astrobiology is perfect for all this,
especially since it deals with the news of today, but also with the diverse discoveries of
tomorrow.

57

Following the steps of Carl Sagan, the teaching and communication of science needs to
relate with the general population; it needs to be engaging, to have an inherent motivation,
and to be multidisciplinary (Oliveira, 2008). Astrobiology can be the answer to all this!

2.3.3 Nature of Science
Understanding the nature of science is very important to science literacy (NSTA, 2003;
NRC, 1996; McComas & Olson, 1998; Matthews, 1994; AAAS, 1989). Science is
everywhere in the world (McComas et al., 1998), therefore to understand how the world
works, we need to understand the nature of science (Klemke et al., 1980; Conant, 1951).
McComas et al. (1998) argue that knowledge of how science works enhances students'
understanding of science as a human endeavor, increases interest in science, improves
student learning of science content, and promotes better social decision-making (Olson et
al., 2008; Driver et al., 1996). If people want to understand the world and make responsible
decisions, they must understand science (Kolso, 2001; Hurd, 1998; Robinson, 1965;
Gagne, 1963). Students should learn the purpose of science, the general assumptions
underlying scientific knowledge, and the interplay of science, culture and society
influencing the development of scientific knowledge (Kremer et al., 2008; Lederman et al.,
2002; Lederman, 1992; Hodson, 1990; Klopfer, 1969). Morris Shamos (1995) even claims
that understanding the nature of science is the key knowledge that citizens use when
assessing public issues involving science and technology (Olson et al., 2008; Hodson,
1990). Thus, it's very important to comprehend the nature of science to be scientific
literate, in order to be able to use critical thinking on scientific subjects (Oliveira &
Barufaldi, 2009).
But what is the nature of science? There is no consensus answer for this question
(Turner & Sullenger, 1999; Marble, 1992; Tobin et al., 1988), there is not just one view of
what the nature of science is (McComas et al., 1998). The lacking of consensus on the
definition of nature of science, is a very important characteristic of science (Abd-ElKhalick & Lederman, 2000).
The nature of science has a very subjective framework (Brickhouse, 1990), depending
on the topic under discussion (Brickhouse et al., 2002), and on the interpretations of the
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researchers (Meichtry, 1993). This subjective meaning also depend on the observations of
the observer (Rucker, 1984, pp. 186; Gardner, 1972). Stewart Richards (1987) considers
that observations are not objective – different people seeing the same thing may interpret it
differently. Norwood Russell Hanson (1980) has the same opinion and concludes that the
difference is due to the knowledge that each person has when seeing something - how two
persons make sense of the same observation depends on how they share knowledge and
theories about what they observe. Derek Hodson (1986) also agrees that observation
depends on prior knowledge, past experience, and expectations of the observer. Catherine
Milne (1999) states that the meaning-making comes from the interpretations that we, as
students, teachers and community, give to the science stories. She argues that science is not
about facts, but it's a human interpretation of Nature. Hainsworth (1956) has the opinion
that observation and science in general is a complex and subjective process, and he also
thinks that observation is influenced by previous knowledge, which may lead the students
into a narrow-way of observing and looking at science. Finley (1983) states that students
(and scientists) already have and need to have content knowledge before observation, so
there are no neutral observations - thus, he argues against a perfect objectivity in science.
Richards (1987) says he agrees with the 19th century English scientist, priest, philosopher,
and historian of science, William Whewell, when he said that the truth is invented in the
mind of the investigator when searching for the hypothesis to explain or describe observed
phenomena. The fact is that science is made by people, and scientists are not detached
from the society they live in – scientists are not neutral persons (Hodson, 1986).
This is important for the teaching of the nature of science. There is no unanimity about
which ideas about science should be included in the curriculum. Although everybody
agrees that it should be included in classes, including by using scientific inquiry (Duschl &
Grandy, 2008), the problem is that there is no agreed domain for the nature of science
(Osborne et al., 2003). Therefore, as Stanley and Brickhouse (2001) mention: "although
almost everyone agrees that we ought to teach students about the nature of science, there is
considerable disagreement on what version of the nature of science ought to be taught"
(Stanley & Brickhouse, 2001).
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In terms of which content to teach, Klemke et al. (1980) clarify that the nature of
science is not just scientific concepts or just sociology of science, but includes aspects
from: formal sciences (logic and mathematics), scientific description, scientific theories,
laws of nature, scientific explanation, prediction, causality and law, theories, models and
scientific systems, determinism, philosophical problems of physical science, biology and
psychology, social sciences, history, reduction and unity of science, extensions of science,
science and values, science and religion, science and culture, and the limits of science.
Basically, they say that both natural sciences classes and philosophy of science classes are
necessary to understand science and the world. William McComas et al. (1998) also defend
that the nature of science combines a multitude of fields, most of them social (like history,
sociology, and philosophy), and that is not understood either by the majority of the people,
students or teachers.
However, in schools and universities, teachers and textbooks have the same kind of
naïve conceptions about science than their students (McComas et al., 1998; Brickhouse,
1990), thus the fault is not in the students, but in the scientists and educators, as defended
by Richard Alan Duschl (1985). So, even if the nature of science is addressed explicitly in
the classroom (Khishfe & Abd-El-Khalick, 2002; Lederman et al., 1998), the students will
end up with the same misconceptions about the nature of science (Sandoval, 2005;
Hodson, 1986), because students may return to their previous conceptions (Akerson et al.,
2005), or, like Nancy Brickhouse (1990) says, teachers' actions influence the way students
learn science and transmit to the students the same naive notions of science (Lederman et
al., 1998; Abell & Smith, 1994; Brickhouse, 1990), although there are contradictory
evidence about this (Valanides & Angeli, 2005; Chun & Oliver, 2000).
Paul Gardner (1972) states that by speaking knowledge about a domain doesn't
necessary make us understand what is the domain of each science discipline. Thus, even
the science major students and professors may hold naive ideas about the nature of science
as a whole, and about other scientific disciplines (Schommer & Walker, 1995).
William McComas (1996) even discusses 15 myths held by students, teachers, and
textbooks, about science: (1) Hypothesis become theories which become laws; (2)
Scientific laws and other such ideas are absolute; (3) A hypothesis is an educated guess;
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(4) A general and universal scientific method exists; (5) Evidence accumulated carefully
will result in sure knowledge; (6) Science and its methods provide absolute proof; (7)
Science is procedural more than creative; (8) Science and its methods can answer all
questions; (9) Scientists are particularly objective; (10) Experiments are the principle route
to scientific knowledge; (11) All work in science is reviewed to keep the process honest;
(12) Acceptance of new scientific knowledge is straightforward; (13) Models represent
reality; (14) Science and technology are the same; (15) Science is a solitary process.
McComas argues that we must be aware of these myths, and taking them into account in
order to rethink science education (McComas, 1996).
These myths have the common theme of the objectivity of science. Natural sciences
and social sciences are seen differently by the general population. Natural sciences are
perceived as done by experts (authorities) based on objective facts (Blanco & Niaz, 1997),
while social sciences are perceived as being subjective (Hofer, 2000).
William Bechtel (1988) thinks that scientists (and students of scientific matters) need
to evaluate arguments all the time, that ontological issues are central in science disciplines,
that science needs to know how to justify a true belief as knowledge (sometimes belief and
knowledge are indistinguishable (Cobern, 2000)), and that students and scientists need to
discuss the moral issues and values that arise from scientific research. He also states that
no answers are final, and to question things is at the base of the nature of science. Thus, he
defends that science needs to be embrace its subjective nature of being made by humans
and of being embedded in society.
At school, the scientific process is taught as if was properly known. The scientific
process is taught at school with a positivist and unreal way (Finley, 1983), with an
emphasis in hypothesis testing instead of hypothesis generation (Rachelson, 1977), and
with a Popperian notion of science – where there is only two theories competing, with one
being false, reaching that result through a linear process (Hodson, 1988); this leads to a
simplistic and absolutist view of the nature of science (Lederman, 1992), to several myths
about the nature of science (McComas, 1996) and to doubts on whether the scientific
process can ever be taught at school (Millar, 1989). There seems to be the same
international trend: most of the teaching is traditional, based on books full of
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misconceptions (Abd-El-Khalick, 2002), promoting students' naïve beliefs (Davis, 1997),
where there is no explicit nature of science classes, the professors' beliefs influence the
students (Brickhouse, 1989), and science is viewed in a very traditional way, with factual
truths and with several myths about its nature (as McComas (1996) summarized in his
article). Norman Lederman (1992) concludes that students, teachers and scientists have the
same view of the nature of science: not tentative, simplistic, absolutist, authoritarian. Like
Brickhouse (1990), Hodson (1988), and McComas et al. (1998), he mentioned that these
naive notions of science that teachers have, are transmitted to students. He also argued that
problem-solving and inquiry are strategies that are related to desired changes in students'
conceptions. Clough & Olson (2004) defend that science classes should teach what is
science and how it works: its method, its approach, its process, etc. Robin Millar (1989)
criticizes the process-approach to the teaching of science, which sees science as discrete
steps (Tyler, 1949). He says that school puts too much emphasis on facts, truths, proof, and
on the authority of the scientists (Hodson, 1986), when the focus should be on science as a
reliable knowledge and on the relationship between science and society. Derek Hodson
(1988) argues that classes (and labs) transmit a Popperian notion of science, when the truth
is that in class there are no two (or more) competing theories being tested. Furthermore,
they transmit the idea that experimental testing is infallible, linear and single-step, when it
is totally the opposite. He argues that science curricula needs to present science with three
different phases: creatively generate hypothesis, testing hypothesis by critical observation,
and reach a consensus to produce scientific knowledge. He defends that what is missing is
hypothesis generation from the students; the learners should actively construct and
reconstruct meaning. Hodson supports the idea that classes should interpret doing science
as an open-ended process (Duschl, 1990). Thus, even the often acclaimed hands-on process
has some flaws. Fred Finley (1983) agrees with Hodson (1988), and argues that the
scientific process that is taught at schools, the traditional view of the scientific method
where observation is the most important factor, is not the real one. He argues that creating
hypothesis is the most important step along with creativity and critical thinking – and this
is what should be taught at schools, through inquiry and problem-solving (Barrows, 2002).
Stan Rachelson (1977) also argues that science teaching tends to focus too much on
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hypothesis testing, when the goal of science teaching should be for students to generate
their own hypothesis. By focusing on hypothesis testing, schools give a wrong picture of
scientific inquiry. Students should drive their own questions and investigate them. Students
should be active learners (Ottavianelli & Good, 2001; Huber, 2001; Doll, 1993).
"Learning is not a spectator sport. Those who have studied the
learning of science have concluded that students learn best if they
are engaged in active learning" (Chickering & Gamson, 1987)
Active learning is considered nowadays to be the key solution for students to learn
more about science. What is needed is that students take a participatory role in learning, in
which they adopt critical thinking, inquiring skills, analysis and evaluation of the situations
(Barrows, 2002).
Fouad Abd-El-Khalick and Norman Lederman (2000) found that students have naïve
ideas about the nature of science and their views don't change in science courses. However,
it also depended on the personality of the students - the more progressive students were
more willing to change their views. This study also showed that addressing explicitly the
History and Nature of Science may improve learners' views about those subjects; it has a
limited impact, but it is still higher than the implicit version. This is a view shared by
Feldman (2003). Colin Gauld (1989) analyzed the beliefs of science students. Even in
presence of empirical evidence (that students highly regard as proof), students are very
resistant to change their naïve beliefs. This resistance is similar to the resistance that
scientists feel when in presence of evidence that contradicts their beliefs; but students have
against themselves the fact that they only think about these contradictions when the subject
is being dealt in the brief period of the class – after that, they go back to their own
memories. While it is normal for students to be resistant to ideas that go against their own
naïve beliefs, some steps could be taken to minimize that (ex: repeated lessons, although it
may be utopic to think about this solution, due to time constraints and boredom from the
students). Still regarding students' beliefs, Clough (2000) states that students do not need to
abandon their own personal beliefs to be able to improve their understanding of the nature
of science, while Whitmire (2004) says that the content in science classes serves the
students as a "confirmation bias" for their own beliefs – people choose to give relevance
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only to the information that supports their own views (Whitmire, 2004). Osborne, Bell, &
Gilbert (1983) consider that students' views of science come from their own experience,
and thus it's a very self-centered, human-centered point of view - it's all about them, it's all
about humans (Marble, 1992, pp. 37; Osborne et al., 1983, pp. 317).
Duveen & Solomon (1994) conclude that by doing role-playing exercises in the
classroom, students will understand and remember much more the science content and the
nature of science being taught. Larry Scharmann (1990), like Duveen & Solomon (1994),
uses the Theory of Evolution to teach science and nature of science to students. He uses
student-centered participatory lessons, with four components: engagement, exploration,
explanation and elaboration, to allow students an opportunity to voice their own opinions
on evolution before the actual teaching process begins. His idea is to not threaten students'
beliefs, in thus make the incorporation of new knowledge more accepted. Dole & Sinatra
(1998) also defend high engagement by the students required by activities such as
conducting inquiries, writing personal reflection, and justifying one's reasoning. The
learner can examine their own beliefs and compare them with the content at hand. If
students are allowed the opportunity to juxtapose their beliefs against those ideas presented
by the teacher, this can evoke relevant dispositions, such as the willingness to think deeply
about a complex problem and question one's own beliefs. Chinn & Brewer (1993) defend
the same, although they call it deep processing.
Alan Chalmers (1999) states that "there is no general account of science and scientific
method to be had that applies to all sciences at all historical stages in their development"
(Chalmers, 1999, pp. 247). There are probably no universal and timeless standards in the
philosophy of science. He also says that observations lead to facts, theories, and laws
through induction, and then through deduction to predictions and explanations - which
erases public misconceptions about facts, laws, and theories (Harder, 1992; Marble, 1992).
For Chalmers, everything works as a cycle, all belonging to the same ensemble. But he
also warns that what one sees is affected by one's past experience, knowledge, and
expectations – thus the scientific process is subjective and depends on the culture in which
is embedded.
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There are different philosophical approaches to the process of science (Richards,
1987): a couple of millennia ago Aristotle started with a very positivist method of
Induction, in the 19th century Whewell came up with the Hypothetico-deductive method
(method of hypothesis), then Karl Popper proposed the Method of Falsification (a
scientific hypothesis must be tested for refutation, must be falsifiable), Kuhn (1962) argued
with the scientific revolutions (where science progresses through normal science,
anomalies and paradigm shifts), Lakatos thought about research programs and protective
belts (hard core and auxiliary hypothesis), and Feyerbend rejected the objectivity of the
scientific method (individuals choose the best ideology to follow). Any of these ideas go
against the simplistic and linear idea that we learn in school about what science is
(Chalmers, 1999).
Karl Popper (1959) came up with the Method of Falsification; science progresses as a
series of conjectures and refutations. A scientific hypothesis must be able to be false, must
be able to be tested for refutation, must be logically falsifiable – and the more falsifiable,
the better (Richards, 1987). For Popper, the criterion for the scientific status of a theory is
its falsifiability, or refutability, or testability (Feynman, 1999, pp. 255) - to test a scientific
theory is to try to refute it, it's an attempt to falsify it (Popper, 1963). If a theory or
claiming cannot be falsifiable, then it is not scientific (Richards, 1987). Scientists build
tentative theories (conjectures) to explain what they observe. Since no scientific theory can
actually be proven, all a scientist can do is trying to refute it (Popper, 1963). If a theory
withstands severe attempts to refute it, the conjecture becomes more credible. A successful
refutation of a conjecture leads to new insights, and it can eventually lead to better
conjectures (Popper, 1963). Science is a systematic way of learning from the errors, and
criticism is an essential part of it. He added that observations are not objective, so
observations cannot be the single criterion to reject or accept a scientific theory or law
(Kourany, 1997). Chalmers (1999) criticizes the falsification method of Popper, by saying
that in face of a conflict, it may be the evidence or the prediction or an auxiliary
assumption that is wrong, and not necessarily the theory. Chalmers also says that if
falsification was the criterion to reject a theory, then some great examples of scientific
theories would be rejected in their infancy; he gives several examples (Newton's
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gravitational theory, Bohr's theory of the atom, Maxwell's kinetic theory of gases) and
concentrates especially in the Copernican Revolution and all its inconsistencies while in
development (Chalmers, 1999, pp. 91-101). Thus, falsification is not compatible with the
history of science and how science develops. He goes on to say that Popper tries to
separate science and pseudo-science, but the truth is that Astrology or Religion are also
falsifiable, so the criterion doesn't stand. Finally, he states that all theories should suffer
from the scrutiny of criticism, and should hold some dogmatism – both play a positive role
in deciding if the theory should be replaced or be kept (Chalmers, 1999, pp. 103).
Thomas Kuhn (1962) wrote about science progressing through normal science
(cumulative process), the awareness of anomalies, and the shifting of paradigms (paradigm
shifts being the most important source of scientific advance). Kuhn places great emphasis
on the revolutionary character of scientific progress by abandoning one theoretical
structure and replace it by another, and on the social role played by the scientific
communities. Kuhn says the scientific community adheres to one paradigm (that they
acquired through formal education), and scientists practice the normal science; however
when a big crisis appears (from very serious and persistent anomalies), more and more
scientists may start question the paradigm and adhere to a new competing one; when the
number of scientists is enough to make the scientific community shift, then there is a
revolution, and this paradigm shift produces a new normal science; and so on (Chalmers,
1999). He was also aware of the subjectivity of the interpretations, and that paradigms have
an aura of religiosity (Chalmers, 1999). Finally, although Kuhn acknowledges the progress
of science, he does not believe that it is towards a set goal or a fixed truth or anything else
(Richards, 1987). Chalmers (1999) states that a paradigm is always imprecise (there is no
perfect paradigm), so it can be changed; but normal scientists are very uncritical about
their own paradigm, so there will be always resistance to change. But when there is a
change, that looks like a religious conversion, because there is no logical argument that
asserts the superiority of one paradigm over another (rival paradigms and their proponents
"live in different worlds"); it depends on the individual's position and the ranking of the
factors he believes are the important ones in the society that he lives in. Thus, Chalmers
(1999) criticizes the religiosity of the paradigms, and its inherent subjectivity.
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Imre Lakatos (1970) believed that all theories have an hard core (research programs),
and what changes and makes science progress is the refinement or rejection of the
protective belt of auxiliary hypothesis to accommodate the anomalies (Lakatos, 1978). He
states that scientific activity takes places in a framework, the research program; it includes
a hard core made of fundamental principles and a protective belt of supplementary
assumptions with less fundamental concepts that can be modified to improve the match
between predictions and observations/experiments (Chalmers, 1999). A research program
is more important if its predictions are confirmed over and over again; and the research
program can be progressive or degenerative. A progressive research program is coherent
and leads to natural predictions that are confirmed; a degenerative research program
looses coherency and fails to correctly predict phenomena - meaning that theories may
degenerate leading to new ones (Kuhn talks about paradigm-shifts instead) (Richards,
1987). Like Kuhn, Lakatos doesn't say which two competing core theories is preferable,
letting the impression that this decision depends essentially of the intuitive leap of faith of
the individual scientist (Howson, 1976). Contrary to Kuhn, Lakatos clearly implies that the
new theory has to be better than the old one, because it makes better predictions
(Chalmers, 1999).
Paul Feyerabend (1995) takes an humanistic approach and paints an irrational picture
of science and scientists. Feyerbend saw the failures in the past analysis of the process of
science and in 1975 wrote an anarchistic account of science in his book Against Method:
Outline of an Anarchistic Theory of Knowledge (Feyerabend, 1975a). He argues that there
is no objective scientific method, and that science is not superior to other forms of
knowledge (e.g. black magic, voodoo, religion), otherwise it may appear as a dogma
(Feyerabend, 1978). He gives the example of Galileo's discoveries (Chalmers, 1999, pp.
150-155). Feyerabend defends that there is no progress in science. He sees too much
uniformity in science that impairs its critical power, and he says that the scientific
institution works as the Church, putting too much emphasis on propaganda and absolute
and incontestable authority (Richards, 1987). For him, only history is the real judge of the
scientific theories (Feyerabend, 1975a). He argues that science can only gain by giving the
choice to the individual to choose what best ideology/knowledge he prefers to follow, and
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that anarchic science is the best thing to give critical power to science. For him, scientists
should follow their subjective wishes. Chalmers (1999) criticizes this view by stating that
nobody can be completely free and choose whatever they want, because we are born inside
a culture which has beliefs and characteristics of its own; furthermore, scientists cannot
follow their subjective wishes because they have to choose from the few options that are
available to them; finally, an ideology-neutral state (independent from science too) is just
another utopia (Chalmers, 1999, pp. 157-159). Feyerabend may have gone too far when he
argued that science is not superior to other forms of knowledge, although it's true that
science probably shouldn't be arrogant to think that it is the best way of seeing the world science is just one way of seeing the world; if it's the best or not depends on the importance
that each individual places in the different ways of seeing the world - tolerance and
individual responsibility are needed. Additionally, we shouldn't evaluate religion under the
framework and criterions of science, in the same way that science shouldn't be evaluated
under the framework of religious faith. Feyerabend is correct when he states that science
cannot be a religion based on dogmatic assumptions - science must be less authoritarian
and dogmatic. Additionally, science must not be contaminated by social, historical,
religious, or personal ideologies (Feyerabend, 1975b) - although this may be an idealistic
view, that in reality may be impossible.
These four authors had different ideas of how science progresses. We can see that there
is not one truth and that science is much more complex than one might imagine. This idea
goes completely against the simplistic and linear idea that we learn in school about what
science is.
To summarize, I will present a table with the most important ideas from Popper, Khun,
Lakatos, and Feyerbend, compared with Induction and Deduction, which are two other
processes discussed by Richards (1987) and Chalmers (1999).

68

Salient
Ideas

Pros

Cons

Examp
le

Induction

Deduction

Popper

Kuhn

Lakatos

Feyerabend

- Aristotle, Francis
Bacon and John Stuart
Mill used it a lot.
- Very positivistic.
- Generalizations from
Observations. Use
observations to arrive
at general conclusions.
- Facts acquired
through observations
lead to Theories and
Laws by the process of
Induction.
- empirical approach
- connects different
and concrete ideas in a
more holistic way.

- William Whewell.
- Make hypothesis.
- Laws and Theories
(general conclusions)
are used to make
specific Predictions and
Explanations.
- Truth is in the mind of
the investigator when
searching for
hypothesis to explain or
describe observed
phenomena.
- it's able to predict
phenomena.

- Falsification
- Scientific hypothesis
must be tested for
refutation, to be logically
falsifiable – the more
falsifiable, the better.
- Tries to differentiate
science & pseudo-science.
- We only get closer to
the truth, by saying what
is falsifiable.

- science progresses
through normal science,
then it has anomalies,
and then shifting of
paradigms.
- revolutionary
paradigm shifts make
science advance.
- science doesn't
progress towards a
fixed truth.
- scientific community
plays a big role.
- paradigm shifts makes
science advance.
- paradigm is imprecise
so it can be changed.

- all theories have an
hard core (research
program) and a
protective belt of
auxiliary hypothesis.
- science progresses by
refining/rejection of the
protective belt and by
degeneration of theories
leading to new ones.
- research programs
gain strength by being
confirmed constantly.
- the new theory has to
be better than the old
one, because it makes
better predictions.

- observations are not
objective, but
dependent on the frame
of a theory.
- generalizations make
predictions to an
infinite number of cases
based on a finite
number of cases.
- larger number of
observations: how
large?
- repeated in different
conditions: how many?
- contemporary science
sometimes don't have
observable evidence.

- how does the
investigator arrive at the
hypothesis? Pure guess?

- normal scientists are
uncritical about their
own paradigm, so they
resist to change.
- subjectivity of the
interpretations.
- paradigms shifts like
religious conversions.
- one paradigm is not
superior to another: only
time tells.
- depends on the
individual and factors
believed to be important
in society.
- world is seen
differently by people
with different paradigms.

- difficult to say which
two competing core
theories is preferable,
and this decision may
depend essentially on the
intuitive leap of faith of
the individual scientist.
- not all sciences have an
hard core.

- Humanistic approach.
- no objective scientific
method.
- science is not superior
to other forms of
knowledge.
- humans should be free
to choose whatever
form of knowledge and
ideology they prefer.
- scientists should
follow their subjective
wishes.
- it brings critical power
into science and
society.
- science shouldn't be
dogmatic.
- nobody can be
completely free and
choose whatever they
want, since we are born
in a culture which has
beliefs of its own.
- scientists can't follow
their subjective wishes
because they have to
choose from the few
options that are available
to them.
- an ideology-neutral
state is utopia.
- Voodoo & Sociology
similar to science?

Chemistry & Biology:
they are experimental.

Classification of species
in Biology.

Heliocentrism vs.
Geocentrism

Einstein's Gravity
compared to Newton's
Gravity.

- doesn't need to prove it
true, only false.
- progress of science
comes from falsifiable
theories.
- what is wrong may be the
observation, the prediction
or an auxiliary assumption,
not the theory.
- by using falsification
only, then we have to reject
great scientific theories
when they appeared.
- pseudo-science can also
be falsifiable.

All crabs are red.
Falsified: white crabs in
deep sea.

Table 2.2 - Process of Science.
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Newton's theories and
beliefs.

On top of all this, even if the western educators agreed on what the nature of science is,
that agreement would be just for the western world, because as Lederman (1992) points
out, the nature of science is not universal. So, how do different countries see the nature of
science? Different countries struggle with the idea of nature of science education. Most of
the discussions and articles, however, are made in USA and they are about studies made in
USA with American teachers and students. Nowhere in the world there is an ideal formula;
but let's now see what has been said about the nature of science in an educational context
in different countries.
In Canada, Daniel Sutherland (2002) examined the views that First Nations and EuroCanadian students have on the nature of science and their impact on science learning. He
found, unsurprisingly, that they had different views about the nature of science and that
since the national curriculum doesn't contain the indigenous view (science curriculum is
assimilative and treats indigenous knowledge as inferior and non-scientific) the students
from this group have lower achievement and don't pursue science. Sutherland also says
that the indigenous view has a more holistic approach, it's much more in communion with
nature, and takes into deep consideration the ecological relationship between the individual
and its environment; while the western science is thought more in terms of power and
property relationships. Sutherland recommends that the curriculum adopts multicultural
views of science from now on because it would benefit all the students (including the
Euro-Canadians).
In Portugal, there is a relatively great amount of research about this subject. Paixão
(2002) examines the influence of the teacher's conceptions on the students' views of the
nature of science: both teachers and students see science as a "rhetoric of conclusions".
Sequeira (1993) did a similar study based on teaching strategies used by science teachers
that take students' conceptions of science into account. The conclusions were similar to
Paixão (2002). Costa & Marques (2000) analyzed science teachers' awareness of the nature
of science. The results indicated that this awareness is very limited and generally teachers
use common sense taken from their personal experience in teaching, leading to a huge gap
between the recommendations from research and the practice in the classrooms. This same
result was found by Martins (1998) when she analyzed the knowledge of science teachers
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about current societal issues; their very limited knowledge leads to an increase of scientific
illiteracy in the students. Fonseca (2005) analyzed the factors that students thought were
more important towards their failure in science classes. Interestingly, four huge factors
were the quality of teaching, students' attitude towards science disciplines, students'
perception that science classes do not prepare them for the scientific society, and, finally,
their own ideas about the nature of science ("too boring and just to memorize facts").
In Brazil, also from Portuguese roots, Zimmermann & Gilbert (1998) analyzed the
contradictory views of the nature of science held by a Brazilian secondary school teacher.
His views of the nature of science were different depending on the background of his point
of view: if he was thinking about the history of science, then he saw science within a
contextualized model; when reflecting on his school science knowledge (the way he
teaches and the way he learned as a student), his view is inductive; finally, in a cultural
context, he sees science as a struggle between the science world and pseudo-science. His
views influence his students' views of science, especially his inductive views, since those
are the views that he expresses within the classroom.
In the United Kingdom, Robin Millar (1989) criticizes the process-approach to the
teaching of science: teaching science as discrete steps, as a bunch of facts, and as based in
the authority of the scientists (Feynman, 1999, pp. 7). Vira (1997) also analyzed British
schools and proposed a mix view of the nature of science that balances relativistic views
and current universalistic views. Driver et al. (1996) studied the students' understanding of
the nature of science, specifically their views on the purpose of scientific work, on the
status of scientific knowledge, on science as a social enterprise, on the scientific
community, on scientific disputes, and on the relationship between science and society.
The results were that school science had limited success in promoting these
understandings; so, they recommend some teaching strategies and changes in the science
curriculum in order to make students more scientifically literate. Fairbrother et al. (1995)
investigates the effects that the introduction of a new curriculum had in England: science
teachers teach towards the national exams, and those exams reflect a limited and traditional
view of science. This emphasis on formal tests reflects the misconception that science is
objective, uncritical, and completely empirical.
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In Australia, Gough (2002) discusses the weak relationship between science education
and environmental education, suggesting that the environmental education must have a
stronger role in the teaching of science. The author indicates that this would increase
science literacy, the interest of students in science and the understanding of the nature of
science.
In China, Joseph Needham (1993) argues that the nature of science is subjective
including between countries - thus, it's not universal. He analyses the history of science in
China, without judging which one is better (Asian or European); he simply mentions the
scientific discoveries in China and tries to analyze why/how they were so different to the
western world and even more efficient in applying human knowledge to nature for more
than 500 years (200 BC – 600 AD). He starts by saying that science in China was
incomprehensible to western discoverers and therefore was disregarded as nonsense, but
the fact is that Asian cultures had a lot of science in them. He also states that the Chinese
were very persistent and accurate observers and they mainly classified natural phenomena.
He then goes on to mention several contributions made by the Chinese to several scientific
fields: in mathematics they had decimal places, the number zero, indeterminate equations,
they could resolve equations and use what became known much later as the Triangle of
Pascal, and their mathematics was algebraic and not geometrical (like the European); in
astronomy they did great observations and recorded comets, eclipses, sunspots, meteors,
and novae, they were also great dealing with positional astronomy, they knew already that
the comets' tail always points away from the sun, they considered infinite space action at
distance without contact (that became known in the western world as Gravitation), and
their philosophy contemplated huge amounts of empty space (and not crystalline spheres,
like in Europe); in physics, they were great in optics, acoustic and magnetism, they gave
the correct explanation for sea tides and their philosophy was all about field (wave) theory
(and not atoms, as a few centuries later in Europe); they built the first seismograph and
also the mechanical clock; they were also great in geography, cartography, and medicine;
they excelled in engineering in general as well as in mechanical engineer and civil
engineer; they invented gunpowder and explosive weapons, they used the technology of
iron and steel, and they worked with silk and porcelain; they used paper, block-printing
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and movable-type printing; in biology they improved the agriculture and they had control
of insect pests. Overall, the Chinese had/have an organic and holistic view of the world
(and not mechanic and fragmented, like the European) and were much more imaginative
than Europe before the Renaissance. This view of the nature of science should be
understood (and maybe incorporated) by the Western world. All this shows that to
understand the nature of science, we need to understand the contributions of other
countries, and how they saw the nature of science. This is one more evidence for the
subjective and relative nature of science, although there is no judging on which way is
better. Slay (2000) also examined the Chinese concept of the nature of science. The author
acknowledges that China has different values and that the nature of science is strongly
related with their culture and society. However, he found that there is already an important
influence from the western culture in their school education. Vaidya (1974) studied the
students' investigations in science and proposes that the nature of science should be taught
as an adventure process.
In India, Koul (1997) examined the role that nature of science and technology plays in
the curriculum. He proposes a contextualized curriculum, to explore science concepts,
processes and issues, in order to address the nature of science and, with this, to promote the
public understanding and participation in science issues. Singh (1979) identified problems
and contradictions within the science teaching of India and proposed that science (and its
nature) should be taught taking in consideration the indigenous views and not just the
colonial views. She stresses that a multicultural approach is needed. Waldron (1998)
encourages a new approach to science teaching in rural India, emphasizing science that is
relevant to the students and to their environment. He states that students should see science
in a way that makes sense to them, in a practical way taking in consideration their habitat.
Science teaching should include their views (students' rural views) of the nature of science
and not just the city views.
In Lebanon, Abd-El-Khalick & BouJaoude (1995) studied students' beliefs about
science and its relation with the world. Their conclusion was that students see science only
as an academic subject, as something that they have to study to get higher grades, and as a
subject that is only used in academic settings. The purpose and nature of science was
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completely missing from the minds of the students from Lebanon; science is an alien
subject to them.
Africa also has some interesting research about African science education. Cobern
(1989) analyzed the sense of the nature of science held by a group of Nigerian preservice
science teachers. Nigerian students were much more inclined to see science as a way of
producing useful technology, and perceived scientists as nationalist and secretive about
their work. This way of seeing science is different from the idea of science that western
students and teachers have. Monk and Gwimbi (2003) studied the nature of science views
held by teachers in Zimbabwe and reached the conclusion that teachers in richer schools
had relativist and deductive attitudes and teachers in poorer schools were more positivist
and inductive. This may be because richer schools have better facilities and teachers who
are better qualified professionally and academically. But the evidence suggests the other
way around too: professors who are more inclined towards a more modern view of science,
when they are assigned to poor schools they start practising a traditional science teaching
and as years go by that teaching and the respective traditional view of the nature of science
is reinforced inside the teachers' minds; in the same way, teachers who hold a traditional
view of science, when they are assigned to richer schools they start changing their beliefs
and teaching methods towards a more modern view of science. So, there's a complex threeway effect between the economics of a school, the academic background of the teacher,
and the teacher view of the nature of science. Murfin (1994) compares the nature of
science in Africa (more humanistic) to the traditional western view, and proposes a
multicultural science education for all students. He also gives a long list of contributions to
scientific knowledge made by Africans and African-Americans (these contributions are
almost absent from the western school curriculum) and makes some suggestions on how to
include those contributions in the school science curriculum, which would then become
truly multicultural. Ogunniyi (2005) studied the effects of a multicultural (with colonial
and indigenous knowledge) science education module on the teachers' instructional
practices. The results showed that teachers were, after the module, more willing to apply
the indigenous knowledge in their science classes. The author emphasizes the advantages
of a multicultural perspective in the teaching of science.
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Several authors made cross-cultural studies, which means that they analyzed the nature
of science in different countries in the same study. Lederman (1992) examined how nonwestern societies see western science as too technological, nationalistic and secretive – this
is important in terms of international cooperation, and tells us a lot about the relative
notions of science throughout the world. Cachapuz et al. (2002), with authors from seven
different countries, reflected about the new scientific domain called Science Education, the
idea of Constructivism (Education Week, 2001), and its critics. By doing this, they were
also discussing the nature of science and how it should be taught, even if they didn't
mention it explicitly. Kaplan (1991) discussed the dominance of the English language in
international scientific circles. This came from the results of the World War II (where the
winners were mainly English-speakers; examples: Britain, United States, Australia, and
New Zealand) and led to an International imposition of the English language (which puts
scholars from other countries in disadvantage inside the scientific community) and to
important changes in ideas about the nature of science (basically there's only one official
view and all the other views are dismissed). Monk et al. (1999) compare attitudes of
science teachers towards practical work in classroom. This study was done with teachers
from Egypt, Korea and the United Kingdom. All three groups acknowledge the methods
used by scientists to make new knowledge, but while the Korean teachers see science with
a positivist attitude based on facts, the Egyptian teachers see science as an ensemble of
choices that the scientist has to make. Griffiths and Barman (1995) studied high school
students' views regarding the nature of science. These students were from the United
States, Canada, and Australia, and they had to express their views on scientific facts,
theories, and laws. The study revealed that the American students hold a much stronger
mechanistic, traditional view of the nature of science and its method; the Canadian
students hold the same view as the Americans but in a lower degree; and the Australian
students favoured an environmental view of science, related with their everyday world.
Another big difference is that American students think that science does not change, while
half of the Canadians are attracted by the revolutionary leaps of science; nevertheless, both
put a lot of faith in the traditional scientific method. An interesting result was that the
majority of Australian students see science as inductive, meaning very dependent of
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observation (which is in agreement with their view about science in their everyday world).
Unfortunately, all students think of scientific knowledge as facts, of laws as superfacts
(never broken) and of theories as immature laws (or as hypothesis) – these commonalities
between countries make us wonder about the nature of science perpetrated in the western
world. Hurd (1982) studied the history of science education in the United States, Germany,
China, Japan, and Russia making some interesting comments on its differences and given
an overview of their commonalities. He focused on the western and traditional view of the
nature of science. Eisemon (1980) examined the work of university scientists in India,
Nigeria and Kenya. The conclusion was that scientists from these countries will be
recognized and will contribute more to the international scientific community, if they
improve communications with research centres in developed countries. But, obviously, to
do this they will have "to play by the western rules", meaning that their own view of
science has to be adapted to the western view. Tamir (1994) examined Israeli students'
views on the nature of science and compared these with views by students from the United
States and the United Kingdom. One of the conclusions is that students see science as a
bunch of facts, and therefore the scientific knowledge never changes. This is in accordance
with past articles already discussed. A more wider conclusion is that the understanding of
the nature of science is affected by age, socio-economic status, ethnic origin, school
experiences and science orientation; an older richer white student with good grades in
science classes and that intends to pursue a career in science tends to see science as
tentative (not factual) and with a more positive attitude. A major difference between the
nationalities is that Israeli students value the help from science and see science as
important in their individual lives; while the British students give more relevance to the
negative effects of science and its relation to technology (e.g. pollution, atomic weapons,
etc). The author recommends that schools transmit more positive attitudes about science
and try to make students more motivated and liking more science than they do now.
The United Nations Educational and Cultural Organization (UNESCO) also made
multi-country studies. In 1976, UNESCO analysed social science teaching in Asia
(Bangladesh, Iran, Malaysia, Pakistan, Thailand, Afghanistan, Indonesia, Japan, Republic
of Korea, Nepal, Burma, Mongolia, New Zealand, The Philippines, and Singapore). The
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conclusions show that there are differences from country to country, but the general
recommendations are: science teaching (and how the nature of science is shown) should
concentrate on the culture of the country and not on western (and colonial) thoughts;
science teaching should be applied to economic areas that are more important for those
countries; science teaching (and the way science is shown) shouldn't depend so much on
the political ideologies of the government of those countries; research and science teaching
are undeveloped and lack quality professionals – there is a need for better training
programs and cooperation with scholars from developed nations (and also more regional
cooperation). In 1986, UNESCO conducted a global survey entitled Science and
Technology in School Curricula that case studied different countries (for instance,
Germany, India, Pakistan). The conclusion was that science is firmly entrenched in the
school curricula worldwide, but it should show a more relativistic, multicultural and
evolving (not factual) nature of science. Cobern (1993), working for UNESCO, compared
how science education is viewed in different countries. For western educators what counts
is the achievement in science; while non-western educators ask more about the relationship
between science and the worldview. Another important point is that several scholars from
Yemen, Nigeria, Lesotho, Botswana, and the United States formed a team to study these
issues, addressing issues like the fallible and subjective nature of science. Poisson (2001),
also working for UNESCO, explored the relationship between science and society and
studied how current practices in science teaching are based on myths about the nature of
science - already mentioned in McComas (1996).
The nature of science may not be universal, but it should be taught in a multicultural
way. William Stanley and Nancy Brickhouse (1994) defend that the nature of science
taught in schools should reflect a multicultural perspective on scientific knowledge. They
also criticize positivism and the universalist view of the nature of science (their truth is a
myth), and present an argument for the multicultural perspective. They see science in a
very subjective multicultural constructivist way. They recognize a personal bias in their
article, and they point out that non-western approaches to science are not included in the
curriculum as they should (Snively & Corsiglia, 1998; Bureau of American Indian Affairs,
1998). Stanley & Brickhouse (1994) believe that a material reality exists, that objectivity
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can be reach and that the community of scientists has more knowledge about what science
is; but they also believe that our knowledge of reality is always mediated, incomplete, and
distorted, and that other views of science should not be ignored. Basically, they proclaim
that science should not be taught from a cultural bias perspective; students would only
benefit from having different views of the nature of science. They argue that there are
different ways of looking at the world, and western science is only one of them and it
should be at the same level as the other views. Abd-El-Khalick and Norman Lederman
(2000) agree with Stanley and Brickhouse (1994), and state that scientific knowledge is:
tentative, empirical, subjective, partially dependent on humans, and socially/culturally
embedded. On the other extreme, we have Michael Matthews (1994), who argues that there
is only one science and that science is independent from society - science is universal and
objective. He defends positivism, stating there is only one truth, the scientific truth, and its
facts are absolute. He has a very positivistic view of science. In his opinion science is
everywhere in our culture and our world, so it's crucial that people learn what science
really is. People should have knowledge about scientific concepts and processes, and
should also be aware of the cultural and historical context of that science. However, his
views about science are very traditional, with the scientific concepts, facts, and definitions
being crucial to understand science, which for him is a very objective enterprise. Matthews
examines universalism and gives the names of important authors in science that defended
this view: Normal Campbell, George Sarton, Pierre Duhem, Lewis Pyenson, Juan Batista
Menen, Claude Bernard, Jacob Clay, Max Planck, Albert Einstein, etc (Matthews, 1994,
pp. 180-183). He completely disagrees with Brickhouse's ideas and states that her view is
one of the reasons that religion, new age beliefs and superstition have so much impact on
people, when science should be the only and real answer. He is against multiculturalism
because some core epistemological and ontological assumptions of western science are in
total conflict with core assumptions of some traditional belief systems; since western
science is more objective, it looks for objective causes and explanations, therefore it gives
better answers than others, and thus it should be the one chosen by the population and
schools. He argues that the relativism expressed by Brickhouse is a mistake, and that other
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ways of seeing the world are not equivalent to western science – for him, western science
is the best!
As we can see, nobody has the magic formula to improve students' and teachers' views
on the nature of science. There is not even an agreement on what kind of science is best;
therefore it's difficult to say which nature of science should be taught at schools. As Smith
and Scharmann (1999) say: "If experts disagree about the nature of science, how should
classroom teachers decide what to teach students?" Which also leads to the question asked
by Brian Alters (1997): "Whose nature of science?" which basically asks which philosophy
should the nature of science follow? Who decides it? Who chooses which view is better?
So, basically we can divide this in two questions, being which view should we follow and
who decides it. If there is no consensus, the choice will be subjective.
A multitude of authors refer to the nature of science in a myriad of ways. A whole
range of different ways of seeing science turn this subject into a very complex web of
thoughts. These competing, often conflicting, views of the essence of science, lead to
unsuccessful efforts in integrating an authentic view of the nature of science into the
curriculum (Rudolph, 2000). However, at least most of the problems are identified and
there's some interesting proposals to put in practice. The proposals more referred are:
Multiculturalism and Environmental view of the world. There is also the common idea that
science teaching needs to change its methods (Feynman, 1999, pp. 207) with the goal of
making students understand better the real nature of science. Inquiry, project-based
instruction, hypothesis generation, active learning, and constructivism (address the
students' beliefs prior to the lesson so the lesson can be constructed from that) (Education
Week, 2001) are the methods more often suggested to make students understand the nature
of science. The key to these instructional approaches appears to be to portray science as a
powerful but bounded human enterprise, with strong participation from the students, in
order for them to be active learners and to be able to construct their knowledge, instead of
feeling threatened that the scientific knowledge is in opposition to their beliefs. With the
incorporation of these major issues in the curriculum, the majority of the science educators
believe that students would improve their view of the nature of science and would drop
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naïve beliefs that they have, contributing in this way to an increase of the scientific literacy
around the world.
For the astrobiology course designed at The University of Texas at Austin, a clear
understanding of the nature of science was adopted. Nature of Science is not explicit
referred, taught, or explained in class (as it is required by some authors), but the course has
an implicit idea of what the nature of science is. The instructor of the course assumes
science as being an ongoing process (example: with the daily news), a work in progress,
not static, which constantly tries to understand more and more of the world that surrounds
us (Hurd, 1998). Science is also tentative, empirical, a human endeavor, a social endeavor,
and depending on the interpretations of the data (same data, and same results, may have
different interpretations, like in the case of the water on the Moon studies, or life on the
Mars meteorite named ALH 84001). Humans are a very strong factor in this equation, and
thus their human side should be emphasized (Bodanis, 2005). Teaching science should
have included a sense of storytelling (Bodanis, 2005; Ferreira, 2005; Bryson, 2003;
Feynman, 1999; Standage, 1998). Additionally, science is subjective, because it's done by
humans. Science is an human interpretation of reality. Even Einstein (and Heisenberg and
others) said that the reality we see depends on the observer's position. Although the process
of science is considered subjective and depending on humans, the amazing success of that
same process is defended in a objective way. Every person in any part of the world can
make the same experiments, and the results will be the same everywhere, like for Gravity.
This is the opposite of what happens with pseudoscience. Also, in face of results that
contradict the theory, science evolves and accommodates the new results. This is also the
opposite of what happens with pseudoscience. The same laws and elements are all over the
Universe, thus scientific laws don't change just because the person changes. And science is
everywhere in our world, and that should be recognized. Summarizing, although science is
done by humans, and thus it's subjective, it has a lot of objective facts that shouldn't be
ignored. Science is not just "one simple characteristic", but mixes elements of sometimes
opposite sides: the process of science is subjective, but the results of science have a lot of
objectivity in them. Science is the best way to understand how the universe works, and this
is emphasized throughout the course.
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Multiculturalism is assumed throughout the course, not just because the instructor
brings concepts from his and other cultures, especially in the History section, but also
because students are from different cultures and contribute to the course with their
knowledge about science and extraterrestrial life ideas from their own cultures. So,
multiculturalism is encouraged, although the main focus is on the Western culture, since
there are more written knowledge about it, which is more easily incorporated in the
framework of the course. The history of the world is biased towards the Western authors,
while the oriental culture has an appeal that comes mainly from its unknowns to our side of
the world.
There are a couple dozen class activities and homeworks, which require students to
write personal reflections, and justify their reasoning. Textbooks are optional, and thus are
not seen as an authority neither bring naive notions of the nature of science. Learning
based on authority does not represent the scientific process (Feynman, 1999, pp. 7).
Science should be taught as a marvelous epic story (Simon, 2010, pp. 42). The goal is to
have students work on minds-on activities – to make them think for themselves, to make
them competent thinkers (Doll, 1993).
Creativity is encouraged (Doll, 1993; Rothenberg, 1979), since students have to
generate new ideas, for instance, as solutions for the Fermi Paradox. Active learning is
encouraged (Doll, 1993), with students' prior ideas being addressed and students are
encouraged to question and to discuss the subjects, while memorizing facts, traditional
teaching, and regular exams are downplayed. The world (and science) is complex, vibrant,
adaptable, and dynamic (Tyson, 1997, pp. 3; Kauffman, 1995), sometimes chaotic
(Magueijo, 2003, pp. 262; Feynman, 1999, pp. 20), constantly changing and evolving
(Kauffman, 1995), with more questions than answers, and classes should reflect the world
outside. There is no "one linear truth", science is not simplistic as it is taught in school, but
the process of making science may have many setbacks in the way. Doing science is an
open-ended indeterministic process (Feynman, 1999, pp. 20; Davies, 1980, pp. 111, 122),
and, contrary to what happens nowadays in schools, science classes should reflect that
(Doll, 1993).

81

Science is one way of seeing the world, based on observations, hypothesis,
experimentation, discussion, explanations, extrapolations, and predictions. But there isn't
just one scientific method. Different sciences apply different methods; even scientists in
the same field use different methods.
Science is shown to be everywhere, so it's important that students learn the basics of
different sciences. Science is multidisciplinary (not just within different science fields, but
also in social issues). Science is embedded in culture, in its societal issues, and in the time
period that the society is imbedded, and science classes should acknowledge that - classes
should include the relationship between science and society. There are several external
factors that influence science. Science and scientists are inside a society (a culture) which
has its own rules, its own values, its own morals, its own politics, its own funding system,
its own constraints of time, its own ways of seeing the world, and its own paradigms. Not
just the scientific community, but also general public and government influence science
and scientists. However, let's not confuse this with ethical issues; science is neutral: neither
good or bad; it's the applications of science that can be used by humans in a way that can
be evaluated ethically. Science does not lead to murder, as Ben Stein wrongly proclaimed
(Derbyshire, 2008); on the contrary: science has innumerous advantages for humanity.
In terms of the scientific process, there is not one supreme truth, there is a lack of
consensus. Each author explains the process of science in his own way. Maybe all
perspectives have a truthful side; like a scientific hypothesis must be falsifiable, scientists
must look for anomalies and paradigm shifts. Too much uniformity impairs competent
thinking in science. There must be a "willingness to question conventional wisdom and
rethink old dogmas", like President Barack Obama said (Obama, 2009a). In this regard, I
tend to agree more with Lakatos' view about a hard core of theories and science
progressing by the refinement or rejection of the protective belt of auxiliary hypothesis to
accommodate the anomalies; there are creative leaps, but mostly science is cumulative
(Hurd, 1998), with a new theory explaining the same as the old theory, plus explaining
more phenomena, and especially making better predictions. However, overall, a mix of
theories and ideas from different authors is most probably the closest we can get to the best
idea of the philosophy of science.
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Astrobiology can improve competent thinking of the students, because since it doesn't
have all the answers (doesn't have the ultimate answer), then it promotes discussions,
persuades open-minds to consider and evaluate alternative positions, challenge their views
and beliefs about extraterrestrials, science, and the world, increases their imagination,
assesses evidences, enhances creativity (example: solutions to the Fermi Paradox),
encourages independent thinking, endorses listening to experts, and develops selfreflection, which is a vital characteristic in this constantly changing world.

2.3.4 Big Picture
All the previous subjects integrate together in an intricate web, resembling life's
connections, or the connections in the quantum world, or the connections in the universe at
large. Everything is interconnected, from the smallest things in the universe to the bigger
things in it - the universe works as one.
Once again, these ideas are very important for a multidisciplinary approach that is
essential for science education - relating science to different scientific areas, to diverse
social subjects, and also to current news that are part of the students' lives. Everything
should work as one, as a whole.
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Figure 2.3 - The Multidisciplinary web of subjects.

The astrobiology course was developed under the idea that everything is
interconnected, thus the four different sections come together in one course. There exists an
oneness in nature that should be incorporated in education. Students and population in
general have, for example, the misconception that a scientific theory is limited to one area
of science. For example, evolution is perceived as being about biology. But that's not the
case. The theory of evolution is, as with most scientific theories, an interdisciplinary
theory, with strong footholds not just in biology, but also in geology, physics, chemistry,
astronomy, paleontology, and other disciplines. Therefore, not to support the theory of
evolution is not to support several sciences or science in general, which, of course, is
absurd. Additionally, since people see a disconnection within science and between science
and life in general, then they may believe the scientific principles that make their car run,
their TV work, their computer work, or the ones used by their doctor when they are sick,
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are not the same scientific principles when discussing evolution. There is a disconnection
between daily life and science in general that wouldn't exist if people understood the nature
of science, that everything is related. Astrobiology can be an answer to all these
misconceptions. Astrobiology is an interdisciplinary science, with concepts from natural
sciences like astronomy, biology, chemistry, geology, ecology, and so on, and also from
social sciences like history, sociology, psychology, etc. It's a perfect combination of
sciences, which, when integrated, will not be perceived as island-sciences with no relation
among themselves (Wright, 1992; Tyler, 1949) - as it is usually perceived in science classes
(Doll, 1993), like John Dewey stated (Kliebard, 1987). Human learning should not be
fragmented, there shouldn't be any kind of "educational apartheid", as David Perks calls it
(Whelan, 2007, pp. 126). Moreover, the incorporation of social sciences connects
astrobiology with the society in which it is embedded (Oliveira, 2008). This creates a
synergy, which makes the entire universe and life more understandable, and education
more effective. Education should reflect the balance and interconnections that exist
throughout the entire universe, and those connections are well-known. In the universe, in
life, in science, everything is interconnected; astrobiology mirrors this oneness by
integrating different aspects together. Astrobiology allows people - and most importantly,
non-science majors - to have a basic knowledge of many sciences, how they relate to one
another, and how scientific knowledge is intrinsically multidisciplinary.
Besides astrobiology, this interconnectedness is seen in the Universe and in life.
In the beginning of the Universe, there was a singularity, all the mass and energy of the
universe "concentrated in a single, discrete spot of infinite mass and energy" (Gale, 2009,
pp. 24). As hydrogen atoms fused to form helium, the denser regions began to attract more
and more mass, until the first stars were born. First generation stars contained only
hydrogen and helium. But as giant stars exhausted their hydrogen core, helium began to
fuse to form heavier elements, such as carbon, oxygen and lastly, iron. These very massive
stars that produced the heavier elements died very quickly in a core implosion that we now
call supernovae. In supernovae, the heavy materials are spread throughout the universe,
making planets, our Earth, all life, rocks, tables, and humans. That's why Carl Sagan noted
in his TV series that "we are all star stuff" (Sagan, 1980b). Additionally, the next
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generation of stars also recycled these elements. More and more stars were born, within
galaxies. Inside each galaxy, new stars were born and would blow away a disk of gas and
dust, where planets could then form in the denser regions of that disk, similar to star
forming. As if the universe began to test and try more possibilities, planets then began their
own unique evolutionary journey, depending on their location from the Sun, which gave
them certain temperatures and compositions.
One of those planets evolved to become a home for some diverse expressions of life in
the universe. The Earth-Sun relationship and our planet's tilt also contributes to the unique
system that has developed. The tilt creates a different distribution of the solar radiation,
giving Earth more than one climate and environment - biomes. The biomes diverge
depending how the different conditions around the globe produce different species and
ecosystems. The revolution around the Sun creates the seasons, which creates a balanced
system; the leaves lost in fall are decomposed into the soil and provide nutrients used for
plant growth in spring. The Sun's radiation, which is regulated by the atmosphere,
transforms molecules into an excited state creating physical processes such as atmospheric
and oceanic circulation, wind and water cycles (Kondratyev et al., 2004, pp. 15). The
effects of this nearby star remind us that Earth is not an isolated planet; it is deeply
connected with the rest of the universe. As we understand more about the composition of
our planet, we can see how all the elements we have here came from supernova explosions,
from the iron core to the diverse rocky crust. The outer liquid core produces our magnetic
field, which is also determined by the movement of the Earth and by solar winds. It plays a
vital role of deflecting "the incoming cosmic radiation from the solar winds to the poles"
(Gale, 2009, pp. 84). Perhaps our magnetic field helps stabilize our atmosphere; Mars lost
its magnetosphere, and that could be the reason why its atmosphere was blown into space
(Gale, 2009, pp. 85). Life on Earth has also adapted to this magnetic field; some species,
like bird and bees, use it for navigation. The internal energy reworking the materials of the
lithosphere also contributed to Earth's atmosphere. Earth also changed due to outside
causes: comets brought water to Earth, comets caused mass extinctions, comets also
brought the building blocks of life, etc. Earth is not an "island", but it is strongly connected
to the rest of the Universe.
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Figure 2.4 - Earth systems. (Kreindler & Laster, 2010)

Earth can be divided and analyzed in different, yet interconnected, parts: the
lithosphere, atmosphere, hydrosphere, and biosphere. The lithosphere consists of the rocks
and minerals that make up the surface and the upper part of the mantle. The lithosphere
directly responds to Earth's internal energy, which constantly recycles the rocks and other
materials of our planet. Earth's atmosphere has changed over time; it began with just
helium and hydrogen. During that time, volcanoes reworked Earth's materials and expelled
recycled rocks, as well as water vapor, carbon dioxide, ammonia, methane, sulfur, and
nitrogen into the atmosphere. As this continued, it created the next stage in our atmosphere
and also warmed the planet (Gale, 2009, pp. 95). The present atmosphere is rich in
nitrogen (about 78%), contains some oxygen (about 21%) which was produced by the life
that formed here, and also has trace amounts of other elements and compounds such as
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argon and carbon dioxide (Gale, 2009, pp. 135). The atmosphere is very connected to the
life on this planet; it helps to protect life from too much solar radiation and also contains
the elements we need to survive (Davis, 2001, pp. 81). Just as with early Earth, the
components of the atmosphere are constantly being recycled by Earth's processes and also
living earthlings. The general circulation of Earth's atmosphere connects many of the
processes and life. Water is cycled through the Earth by evaporation and precipitation, and
it is spread from place to place in many other ways. The hydrosphere includes all the water
on the Earth's surface - oceans, rivers, ponds and springs. The hydrosphere provides an
excellent example of how this planet is connected to the cosmos. In Earth's early stages, it
was too hot to allow water to condense, and therefore it is not likely Earth contained much
water at all. But water was abundant in the solar nebula, and Jupiter's strong gravity
enabled it to move icy asteroids and comets from the outer parts of the solar system to the
inner planets. The way Jupiter's "intense gravity affects orbital dynamics" (Plaxco &
Gross, 2006, pp. 46) of the solar system enabled Earth to have water. Water is very
connected with life on this planet, as well as the atmosphere and lithosphere. As CO2 levels
rise and increase the temperature, rainfall increases. Rainfall chemically weathers rocks,
releasing minerals such as calcium that will then flow into river systems and end up in the
ocean. Once these calcium ions reach the ocean they react with carbon dioxide to form
calcium carbonate or limestone. This is an excellent example of how Earth balances all its
parts - from the atmosphere, to the hydrosphere, to the lithosphere. The limestone can be
reworked through the lithosphere, through volcanic activity, releasing the carbon dioxide
and starting the cycle again. Because Earth is so dynamic, there are numerous processes
and cycles that can regulate the inputs and outputs to maintain a balanced equilibrium.
While all these processes seem interconnected with the biosphere, it is the biosphere that
became woven into these processes to become one with the planet. Whether life came here
like water, via comets, or if it evolved solely from Earth, it has made the planet more
dynamic and created more systems. It all started with bacteria growing on rocks, the
cyanobacteria on stromatolites. The CO2 from Earth's early atmosphere was used by the
cyanobacteria to photosynthesize light energy into chemical energy, releasing oxygen. As
life became more and more complex, the new species were perfectly worked into this
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system. The oxygen produced by plants is amazingly recycled by animals that require the
intake of oxygen to live, and also give off inorganic CO2 that plants use to live. Oxygen
and carbon dioxide represent one of the important cycles that connect earthlings to each
other. There are other substances in the atmosphere that we need like nitrogen, but we
cannot directly use it from the air. Bacteria fixate nitrogen from the atmosphere and animal
waste into a form that plants can absorb from the soil. Other life forms can then eat the
plants and get the nitrogen they need. Although we think of bacteria as simple and ancient,
we are totally dependent on it. Every new addition to this planet was not just placed here,
but intertwined into a perfect place where it contributes to maintaining the balance. There
are countless examples of the relationships between the life on this planet. For instance,
berries from plants give animals nutrition, and the animal is also helping the plant to carry
its seed to a new place.

Figure 2.5 - Food web. (Littlefield, 2010)
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The food web is another example of how balance is maintained. As we study the
different biomes and ecosystem of the planet, we can see how the species are regulated and
sustained by other species. The food web helps us to realize that even as things are eaten,
their nutrients go back into the system and continue to be reworked and used for the other
species. There are thousands of examples of species using each other to carry out their
lives. The deeper we study these relationships, the more we see how one organism does not
just exist here, but coexists here. If one organism is removed from its ecosystem,
something will be affected - like when the "useless" aliens in the Hitchhiker's Guide to the
Galaxy were removed from the planet, all the others eventually died; everybody thought
they were useless, but they were important in their ecosystem. The Black-tailed Prairie
Dog of the USA is a great example of this. These animals not only work together by living
in colonies, they also rework and fertilize the soil, as well as provide burrows that protect
other species, such as the endangered Black-footed Ferret. People are now beginning to
understand how we must be aware of these connections; if not, when we remove
something we find a nuisance, we will cause harm to many other parts of the ecosystem. In
each biosphere, each region, each jungle, forest, meadow, field - or any area we look - we
find life depending on each other to survive. Beginning with solar radiation, the food web
represents one way earthlings survive. While energy from solar radiation set the limits, the
biosphere, all the living organisms, regulates, forms, and organizes the environment
(Kondratyev et al., 2004, pp. 19). As we can see through the history of our planet, life not
only adapted to the environment, but also changed it and continues to change because the
life here is a part of this planet and contributes to the maintaining balance. In fact, a
property of life on Earth is the "ability of species to perform certain functions maintaining
the environmental conditions chosen for life" (Kondratyev et al., 2004, pp. 21).
All this regards the "physical matter", that we are made of and that is constantly
recycled, the elements we use are constantly recycled, and all these cycles maintain and
create a balance on our planet (Hudson, 2009).
While the Western world gives greater relevance to the physical connections, the Asian
cultures focuses more on the spiritual world. But the main message is similar. In China,
they believe in Qigong, which is the study of the energy that composes the universe. There
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are three tiers of this energy, the Heaven energy, Earth energy, and Ren energy, listed in
order of most important to least important (Yang, 1996). The Heaven energy is related to
the energy coming from anything outside the Earth's atmosphere, such as cosmic rays and
gravitational pull from other stars and planets. Following under the Heaven Qi is the Earth
Qi, which are lines and patterns of energy, the Earth's magnetic field and the energy below
the ground. Finally, at the bottom is the Ren Qi. This includes vegetation and animal life,
including humans. Being at the bottom, the Ren Qi is dependent on both the natural cycles
of Heaven Qi and Earth Qi, like the Earth Qi depends on the Heaven Qi (example: the
Moon's effect on tides), but everything is interconnected (Yang, 1996). This Eastern
philosophy, which takes an holistic approach to the universe (opposite to the Western idea
of breaking everything down in small components), with a synergic goal, has a very
interesting feature: it states that all creatures (on Earth or elsewhere) develop in relation to
their surroundings (Yang, 1996), which resembles the adaptation to the environment
proposed by Darwin's Theory of Evolution. Thus, under this philosophy, everything is
interconnected.
All these interconnections of things on Earth, brings to the mind the idea of the Gaia
Hypothesis. The Gaia hypothesis is a theory that proposes that the biosphere (life) and the
physical components of Earth (atmosphere, cryosphere, hydrosphere, and lithosphere) are
all integrated in a complex interacting self-evolving self-regulating system that we call
planet Earth (Wikipedia, 2010h). It's a dynamic system (Kirchner, 2003) that works in
balance, with life affecting the environment and vice-versa (Kirchner, 2003; Staley, 2002;
Lovelock, 1995). There is a constant feedback that provides stability to the system
(Wikipedia, 2010h). If we discount outside influences, like solar activity, comets striking,
and so on, if we consider Earth as a closed system, then it looks like everything is recycled,
in a constant feedback loop, in a continuous cycle. Like Antoine Laurent Lavoisier (2003)
once said: "Nothing is lost, nothing is created, everything is transformed." Earth, and
Space as a whole, is just a Great Recycling Bin (Davis, 2001, pp. 207). The Gaia
hypothesis was popularized assuming Earth as a single homeostatic super-organism
(Margulis, 1999); not as an anthropomorphic living planetary being that plans how to
achieve a goal, a conscious intention to survive (Sahtouris, 2000; Lovelock, 1990), but
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more as a global network, a single system of organisms (Margulis, 1999) that selforganizes to achieve an equilibrium (Wikipedia, 2010h). This notion of interrelations
between life and nature comes from ancient times in cultures and religions of native and
indigenous people (Suzuki & Knudtson, 1993), and turned into the scientific field of
biogeochemistry (Kirchner, 2003). However, the holistic notion of Gaia (Lovelock, 1995)
was arguably (Kirchner, 1989) first scientifically formulated by James Lovelock in the late
1960s (Brown, 2009; Lovelock, 2000), and it was strongly defended and developed by
Lynn Margulis, that defined Gaia as a "series of interacting ecosystems that compose a
single huge ecosystem at the Earth's surface" (Margulis, 1999). For her, Gaia is "symbiosis
as seen from space" (Margulis, 1999), where life has a great influence on Earth, serving as
an active control system, stabilizing global temperature, chemical composition, and so on
(Brown, 2009; Sahtouris, 2000; Sagan, 1973). Currently, this notion of Gaia is visible in
the fields of ecology (Brown, 2009) and Earth science - which links all sciences related to
planet Earth, making it a multidisciplinary subject (Schneider et al., 2004) -, making the
Gaia hypothesis a successful idea (Tickell, 2005; Sahtouris, 2000; Lovelock, 1990).
This is all part of Systems Thinking, which is "the process of understanding how things
influence one another within a whole" (Wikipedia, 2010i).
And all this has an underlying theme: synergy (Wikipedia, 2010d), where different
things come together in a synergetic way, making the whole greater than the sum of its
parts.
In philosophy, systems theory, biology, sciences, art, etc, there is a concept that deals
with the notion of Emergence (Wikipedia, 2010e). Emergence is how complexity arises
from simple interactions. From separate entities, arises a radical novelty, a new entity that
is more than just the sum of the separate entities (Kauffman, 1995). This is not a new idea
(Goldstein, 1999), and we can see it virtually almost everywhere. We see that idea in how
the neurons in our brain come together to form a conscience. We see that idea in how
cyanobacteria come together to form a stromatolite (Wikipedia, 2010f). We see that idea in
how creative ideas arise from unexpected inputs (Goldstein, 2005) in science, art, and other
fields (Rothenberg, 1979). We see that idea in how the Universe was made since the Big
Bang. We see that idea in how people come together to form a organization. We see that
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idea in how 100 trillion cells come together to form a person (Fromm, 2004). We see that
idea in how non-life came together to form life. We see that idea in how the building
blocks of life come together to form a new whole entity. And many other examples
(Kauffman, 1995; Fromm, 2004). We also see this notion in education: how different
colleges come together to form a university, how different courses come together to form a
curriculum, how students take courses in order to have more knowledge than just the sum
of their content courses, etc. Astrobiology is also a complex, dynamic, and new entity that
arises from more simple distinct entities. Thus, the science of astrobiology can be
considered an emergent new science. The education of astrobiology follows the same
pattern. The astrobiology course designed at The University of Texas at Austin is an
innovative, adaptable, dynamic (Kauffman, 1995), and emergent example of how
education can bring together several separated subjects, in a wholeness that has more
advantages than the sum of its separated parts.
Another concept that deals with synergies created by bringing different aspects
together is Symbiogenesis. Symbiogenesis is the merging of two separate organisms to
form a single new organism (Wikipedia, 2010g), an idea first thought by Constantin
Merezhkowsky (Sapp, 2003; Carrapiço et al., 2002), although he never saw the
consequences of this concept (which seems to be common. As an example, we have
Einstein, with his Theory of Relativity, which, as a concept, is being used a lot in social
sciences, or with his Energy formula, that he did not understand the application in terms of
atomic bombs, or with his contributions to the Quantum World, that he could not foresee
today's applications). Symbiogenesis is usually used in biology, for the origins and
evolution of life, when the advantage of some random mutations cannot explain how some
variations occurred. In this case, a new entity arises from symbiogenesis, with cooperation
(and not competition) being the major force behind that evolution (Amaro, 2009; Margulis,
1999; Margulis & Bermudes, 1985; Margulis & Sagan, 2002; Margulis & Sagan, 2000).
Symbiogenesis is all about interaction, with "individuality by incorporation" (Margulis,
1999, pp. 43), with a new distinctive entity emerging because of the interaction (Amaro,
2009; Gontier, 2007b). Like Gontier (2007b) says: "Universal symbiogenesis is the process
whereby new entities are introduced because of the interactions between (different)
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previously independently existing entities" (Gontier 2007b, pp. 175), or, "different entities
fuse and the result is the emergence of an entity with new characteristics" (Gontier 2007b,
pp. 177). The examples given for Emergence can also be applied for Symbiogenesis
(several entities coming together to form a new entity), with the same results in terms of
synergies, where the whole is greater than the sum of its parts. For instance, 10% of the
100 trillion cells in our bodies are ours while 90% live in symbiosis with us since we are
born (Amaro, 2009) - there is an equilibrium in the super-organism (Amaro, 2009), which
makes the whole greater than just the sum of its parts. Another example is the Gaia
Hypothesis, mentioned above. In fact this idea is already being applied outside the biology
field. In 2007, Nathalie Gontier wrote a dissertation where she applied the concept of
Symbiogenesis to the origins and evolution of language (Gontier, 2007a), based on the
ideas of Croft (2000, 2002). She went further and applied the same concept to medicine,
when viruses or bacteria are genetically engineered, making symbiogenesis artificially
applied (Gontier, 2007b). She also draw knowledge from Ingold (1986), Boas (1962), and
Kroeber (1963) to apply symbiogenesis to culture. As Kroeber states "The great part of the
content of every culture is probably of foreign origin, although assimilated into a whole
that works more or less coherently and is felt as a unit" (Kroeber, 1963, pp. 68). Thus, the
end result of these processes is a culture with new characteristics that functions as an
integrated whole (Gontier, 2007b). She even states that "we are all symbionts, not just in
our cells but in our way of life" (Gontier 2007b, pp. 178). But she goes even further, to
state that there is a universal symbiogenesis, based on cooperation and interaction,
operating in the humanities, in science, in cosmology, etc (Gontier 2007b). Since
symbiogenesis unifies independent entities, in a way that it creates a new entity (Amaro,
2009), with a more holistic way of analyzing the subjects and the interconnections between
them, promoting a synergy that did not exist before, then this symbiogenesis is an
important characteristic of the scientific umbrella that we call astrobiology, and is also
essential in education (where independent subjects come together to form a curriculum).
Both in education and in astrobiology, there is interaction between different subjects,
independent areas cooperate between each other, and they are integrated in a way that a
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new holistic vision is formed (Carrapiço et al., 2001), with a synergy that allows for the
whole to be greater than the simple sum of its parts.
All this raises questions for life in other parts of the universe: Will they too be
intertwined and deeply connected with their planet, and will it have a variety of species? It
seems almost certain that they would, but there are always endless possibilities for the
unknown. Applying geography to astrobiology might lead us to look for planets with
certain atmospheres that may produce certain cycles or conditions where other processes
may take place. Lakes of ethane and methane would be quite different from water, but they
could have a cycle the way water does. The more we see things redistributed and cycled
through a planet, perhaps the more likely it is to have some form of life. We would also
need to analyze the planet's relationship to their star. The Sun fuels us with energy, and
although there is always the possibility for life to find another energy source, complex life
would probably require the star's energy. If and when we do find planets that seem teeming
with interactions and connections, before invading that world, we would have to
understand it so that we do not offset its balance. What is more important is that we would
have to find out how to get off our own planet, which we depend on for everything. As for
finding other forms of life in the universe, it is important to be aware that they are most
likely connected with a system as we are. Their bodies would most likely be composed of
things found on their home planet and would probably require nutrients. Some regulation
of the nutrients would need to exist, similar to our carbon dioxide, oxygen, and nitrogen
cycling. We can also use these questions as a way to open up to the rest of the universe: if
extraterrestrials exist, they are most probably connected with other beings and systems on
their planet, and perhaps to other beings or systems in the universe. The universe remains
balanced, and it is improbable that we are the only ones having an influence on it. The
study of science tells us that we are physically connected to Earth and to the cosmos; as
Carl Sagan simply described, we are "star stuff" (Sagan, 1980b). Mentally, we seem to be
reconnecting to this idea, understanding it better, and searching for implications. We are
starting to understand how we can hurt an ecosystem if we remove species that may be
vital for other parts of that community. We are now starting to understand that if we want
to preserve our lives, and the other forms of life here, we have to preserve our home, planet
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Earth. Reducing our carbon footprint has become a major goal, as well as recycling
products. It seems that we are finally mentally reconnecting to the planet we are physically
one with. Perhaps that would be a next "jump" in intelligence - to understand the world in
which one lives and be able to live perfectly and harmoniously inside that world, without
being over influential or useless. We view many things on Earth as competition, but with a
change in our perception, we could also see it as balance and cooperation. Things have to
be regulated and used - it's part of the cycle.
The questions astrobiology generates are important not only to our discoveries, but also
to ourselves. They place us in a position where we have to look at ourselves from a
scientific point of view and ask if others will be like us, which means we must analyze
ourselves. This can lead to some powerful self-discoveries, and could potentially shape us
and change us. We understand that we are fractals, pieces that contain the whole. By
understanding our place in the whole, it will help us discover more about ourselves, and
most importantly, understand ourselves through the universe and the universe through
ourselves. As usual, it's always about us!

2.3.5 Critical Thinking
The oneness of several characteristics has one goal: to increase the scientific literacy of
the students through critical thinking.
Critical thinking is an expression with an ambiguous and subjective meaning, leading
to a lack of consensus about its definition. Nevertheless, in this section, we will summarize
the views that try to define critical thinking.
Although critical thinking has always existed since early humans (and one may argue
that animals also evaluate situations, especially when hunting in packs), the intellectual
roots of critical thinking come from the teachings of Socrates (Scanlan, 2006, pp. 5),
almost 2500 years ago, who discovered by a method of questioning that people could not
rationally justify their confident claims to knowledge (Paul et al., 1997). Socrates
established that one cannot depend upon those in "authority" to have sound knowledge and
insight. He established the importance of asking deep questions in order to deep thinking,
before we accept ideas (Paul et al., 1997). He highlighted logical consistency, reasoning,
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examine assumptions, evaluate evidences, and analyzing basic concepts (Paul et al., 1997).
The Socratic Method allows for self-reflection, making people examine and challenge their
assumptions, beliefs, experiences, and paradigms, leading people in a journey of discovery,
producing better learning and better solutions because it leads people to explore, ask
questions, challenge their thinking, and discover answers for themselves (Patnode, 2002).
Plato, Aristotle, and the Greek scholars emphasized this critical thinking defended by
Socrates in order to understand deeper realities (Paul et al., 1997). In the Middle Ages,
Thomas Aquinas also defended critical thinking by welcoming and answering all criticisms
to his ideas (Paul et al., 1997). The Renaissance brought a swarm of scholars in Europe
who thought critically about religion, art, society, human nature, law, and freedom. They
proceeded with the assumption that most of the domains of human life were in need for
analysis and critique (Paul et al., 1997). Francis Bacon believed that most people, if left to
their own devices, develop bad habits of thought (which he called "idols") that lead them to
believe what is false or misleading. In his classification, there were 4 types of "idols":
"Idols of the tribe" (the ways the mind tends to trick itself), "Idols of the market-place"
(misusing words), "Idols of the theater" (being trapped in conventional systems of
thought), and "Idols of the schools" (being trapped on blind rules and poor instruction)
(Paul et al., 1997). Descartes is famous for his reasoning skills. He developed a method of
critical thought based on the principle of systematic doubt (Feynman, 1999, pp. 7). He
argued that every part of thinking should be questioned, doubted, and tested (Paul et al.,
1997). Hobbes trusted the critical mind of the thinker and adopted a naturalistic view of the
world in which everything was to be explained by evidence and reasoning (Paul et al.,
1997). Locke thought the same and defended a common sense analysis of everyday life
and thought (Paul et al., 1997). The Frenchmen Bayle, Montesquieu, Voltaire, and Diderot,
defended that the human mind, when disciplined by reason, is better able to figure out the
nature of the social and political world. They also argued that reason must turn inward
upon itself (Paul et al., 1997). John Stuart Mill defended the evaluation of arguments,
including by using self-refection. "Complete liberty of contradicting and disproving our
opinion, is the very condition which justifies us in assuming its truth for purposes of
action; and on no other terms can a being with human faculties have any rational assurance
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of being right" (Mill, 1869, pp. 6). Thus, "men should admit the validity of the arguments
for free discussion" (Mill, 1869, pp. 9), only then they can make a judgment based on a
"completely informed mind" (Mill, 1869, pp. 23). Until "people are systematically trained"
to do it, "there will be few great thinkers, and a low general average of intellect" (Mill,
1869, pp. 33). William Graham Sumner argues that critical thinking is our only guarantee
against delusion, deception, fallacies, lies, superstition, and misapprehension of ourselves
and our earthly circumstances (Paul et al., 1997). Sumner says that one should examine
and evaluate the propositions (Scanlan, 2006). Throughout history, and following a pattern
that we also see in science reflected in the Principle of Mediocrity, the evolution of critical
thinking increased our awareness of the egocentric and sociocentric tendencies of human
thought (Paul et al., 1997). Aristarchus, Copernicus, Galileo, Kepler, Newton, Darwin,
Freud, Einstein, and many others criticized the traditionally accepted world view, and
abandoned the egocentric and humancentric views of the natural world, in favor of views
based on carefully gathered evidence and informed reasoning. This tendency to be aware
of our own thoughts, and to defend reason against faulty arguments, continued in the
writings of many educators in the 20th and 21st centuries.
John Dewey defined critical thinking as "active, persistent, and careful consideration of
any belief or supposed form of knowledge in the light of the grounds that support it and the
further conclusions to which it tends" (Dewey, 1933, pp. 118). Dewey defended a
"scientific state of mind". He also pointed out that "learning to think is the central purpose
of education" (Reed, 1998, pp. 1). Moore and Parker define critical thinking as "careful,
deliberate determination of whether one should accept, reject, or suspend judgment about a
claim and the degree of confidence with which one accepts or rejects it" (Moore & Parker,
2007). Fisher and Scriven (1997) define critical thinking as "skilled, active, interpretation
and evaluation of observations, communications, information, and argumentation" (Fisher
& Scriven, 1997, pp. 20). Victor Maiorana states that "the purpose of critical thinking is,
therefore, to achieve understanding, evaluate view points, and solve problems. Since all
three areas involve the asking of questions, we can say that critical thinking is the
questioning or inquiry we engage in when we seek to understand, evaluate, or resolve"
(Maiorana, 1992). Nickerson, Perkins and Smith (1985) define it as "the ability to judge
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the plausibility of specific assertions, to weigh evidence, to assess the logical soundness of
inferences, to construct counter-arguments and alternative hypotheses" (Nickerson et al.,
1985). Beyer describes it as "the assessing of the authenticity, accuracy, and/or worth of
knowledge claims and arguments" (Beyer, 1985), in order to make "reasoned judgments"
(Beyer, 1995, pp. 8). In other words, it's the ability to judge an idea/claim based on reliable
evidence by determining one's own criteria (Alagözlü, 2006). David Ellis defends that
"critical thinkers: distinguish between fact and opinion; ask questions; make detailed
observations; uncover assumptions and define their terms; and make assertions based on
sound logic and solid evidence" (Ellis, 2003). Daniel Kurland argues that "critical thinking
is concerned with reason, intellectual honesty, and open-mindedness, as opposed to
emotionalism, intellectual laziness, and closed-mindedness. Thus, critical thinking
involves: following evidence where it leads; considering all possibilities; relying on reason
rather than emotion; being precise; considering a variety of possible viewpoints and
explanations; weighing the effects of motives and biases; being concerned more with
finding the truth than with being right; not rejecting unpopular views out of hand; being
aware of one's own prejudices and biases, and not allowing them to sway one's judgment"
(Kurland, 1995). Diane Halpern writes that "critical thinking is the use of those cognitive
skills or strategies that increase the probability of a desirable outcome. It is used to
describe thinking that is purposeful, reasoned and goal directed (Jenkins, 1997) - the kind
of thinking involved in solving problems, formulating inferences, calculating likelihoods,
and making decisions when the thinker is using skills that are thoughtful and effective for
the particular context and type of thinking task. Critical thinking also involves evaluating
the thinking process - the reasoning that went into the conclusion we've arrived at the kinds
of factors considered in making a decision" (Halpern, 2003, pp. 5). Halpern thinks that
teaching critical thinking in one domain, helps develop critical thinking skills that can be
applied in other domains (Halpern, 1998). For Lipman (1988), critical thinking is more
complex than ordinary thinking, and involves: careful argumentation which avoids
guessing; making logical conclusions based on criteria; providing opinions substantiated
by proof; moving away from believing to assuming; and moving away from assumptions
to hypotheses (Lipman, 1988). Hughes & Lavery (2008) say that "the primary focus of
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critical thinking skills is on determining whether arguments are sound, i.e., whether they
have true premises and logical strength" (Hughes & Lavery, 2008, pp. 23). Sherry Diestler
(1998) says that "a critical thinker is someone who uses specific criteria to evaluate
reasoning and make decisions" (Diestler 1998, pp. 2). Mayfield (1997) defends that
"critical thinking is consciously observing, analyzing, reasoning, and evaluating according
to proven standards" (Mayfield, 1997, pp. 6). Stratton (1999) argues that "critical thinking
is correctly defined as the review, evaluation, and revision of previous thinking" (Stratton
1999, pp. 10). Michael O'Rourke (2005) states that the definition of critical thinking is
ambiguous, but can be considered as weighing, interpreting, examining, evaluating,
deliberating, reflecting, and choosing among competing alternatives, within one's values,
prejudices, assumptions, and preferences, towards an informed conclusion/decision
(O'Rourke, 2005). Effective critical thinking is critical thinking that can generate results
(O'Rourke, 2005), and it's an evaluation of options that take shape in the context of
arguments, while we are doing "conscious thinking", thinking of which we are aware
(O'Rourke, 2005). He conceives critical thinking as "argumentative thinking", with the
skills corresponding to argument assessment: identification, (re)construction, and analysis
(O'Rourke, 2005), with the goal of evaluating and analysing arguments with reason.
O'Rourke states that one should love wisdom, and thus one should love reason, despite
sometimes understandably one just gets carried away by emotions (O'Rourke, 2005). He
argues that we think critically all the time, sometimes with poor evaluations that leads into
bad situations; thus, for us to have a good life it's essential that we are good critical
thinkers. Critical thinking improves our lives, demonstrates who we are (sense of self), and
determines our worldview (our conception of the world, our values, our beliefs) in this
ever-changing world (O'Rourke, 2005). Resnick (1987) says that the contribution of
critical thinking is promoting disciplined thinking, which is the opposite of egocentric
thinking, fallacies, and inappropriate conclusions. Edward Glaser defines it as "the ability
to think critically, (which) involves three things: (1) an attitude of being disposed to
consider in a thoughtful way the problems and subjects that come within the range of one's
experiences, (2) knowledge of the methods of logical inquiry and reasoning, and (3) some
skill in applying those methods. Critical thinking calls for a persistent effort to examine
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any belief or supposed form of knowledge in the light of the evidence that supports it and
the further conclusions to which it tends. It also generally requires ability to recognize
problems, to find workable means for meeting those problems, to gather and marshal
pertinent information, to recognize unstated assumptions and values, to comprehend and
use language with accuracy, clarity, and discrimination, to interpret data, to appraise
evidence and evaluate arguments, to recognize the existence (or non-existence) of logical
relationships between propositions, to draw warranted conclusions and generalizations, to
put to test the conclusions and generalizations at which one arrives, to reconstruct one's
patterns of beliefs on the basis of wider experience, and to render accurate judgments about
specific things and qualities in everyday life" (Glaser, 1941). R. H. Johnson (1996) says
that critical thinking is "a reflective skeptical or questioning attitude, (...) an insistence on
appropriate supporting grounds before accepting disputable claims, an appreciation of the
various criteria applicable to good reasoning and argument (whether general or subject
dependent), skill and judgment in the analysis and evaluation of claims and arguments, and
a disposition to be self-reflective, sensitive to one's own possible biases or assumptions"
(Johnson, 1996, pp. 46). Lau & Chan (2004) define critical thinking as "the ability to think
clearly and rationally", including "the ability to engage in reflective and independent
thinking" (Lau & Chan, 2004). The critical thinker should be able to make logical
connections, evaluate arguments, detect inconsistencies in reasoning, expose fallacies,
promote cooperative reasoning, solve problems, acquire knowledge, identify the relevance
of ideas, utilize valid arguments, has a consistency of statements, and reflect on one's own
beliefs and values (Lau & Chan, 2004). They defend that critical thinking is a domaingeneral thinking skill (not restricted to a particular subject area), that promotes creativity,
based on self-reflection, and that is extremely important in today's and especially
tomorrow's unknown world (Scanlan, 2006), since it develops "flexible intellectual skills,
and the ability to analyze information and integrate diverse sources of knowledge in
solving problems" (Lau & Chan, 2004). They also argue that critical thinking is crucial for
a liberal democratic society, since it "requires citizens who can think critically about social
issues to inform their judgments about proper governance and to overcome biases and
prejudice" (Lau & Chan, 2004). David Moore (2007) discusses critical thinking within the
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context of intelligence analysis. Critical thinking evaluates evidence, examines
assumptions, reduces bias, discuss alternative options, analyses the implications, and selfreflects on the process (Moore, 2007). David Moore states that in our ambiguous times,
critical thinking is essential (Moore, 2007). Holbrook, Bourke, Fairbairn, and Lovat (2007)
think that critical thinking encourages analysis, promotes logic, and evaluates arguments
for and against propositions (Holbrook et al., 2007), with the goal of taking coherent welljustified conclusions based on well-supported evidence (Bernstein et al, 2007). The
Wikipedia (2010k) states that critical thinking is the gathering of relevant information,
interpreting that information, recognizing of assumptions, application of logical principles,
evaluating evidence, assessing implications, and careful reasoning, to the analysis and
discussion of claims, beliefs, and issues (Wiktionary, 2010). The proper evaluation of the
information and of the arguments, decreases the risk of false beliefs (Wikipedia, 2010k).
Collier et al. (2002) defend that the components of critical thinking are reasoning, problem
solving, decision-making, and creative thinking. They think these are the skills of vital
importance for success at school and in life (Collier et al., 2002, pp. 7).
Allen & Gerras (2009) argue that in this environment marked by ambiguity,
complexity, and change, only creative thinking and critical thinking, within a
multidisciplinary perspective (Allen & Gerras, 2009, pp. 79), is able to provide the best
strategies for the world of tomorrow, about which we have limited current knowledge or
understanding; we learn, not for today's situations, but for the unknowns of tomorrow
(Gerras, 2008). Thus, "creative and out-of-the-box ideas are essential to success", but "only
to the extent that critical thinking is applied to those ideas to reach viable solutions to
complex issues". "Creative thinking involves a divergence of thought", while "critical
thinking involves a convergence and analysis of thought to weed through poor ideas and
identify the good ones" (Allen & Gerras, 2009, pp. 83). They say that "critical thinking is
about using processes to evaluate and select information in order to improve one's
judgment and make better decisions" (Allen & Gerras, 2009, pp. 78; Gerras, 2008; Thomas
& Durant, 1987; Prewitt, 1983). Questioning, self-reflection and self-awareness are
important in order to "identify the impact of biases, assumptions, fallacious reasoning, and
egocentric thinking on the decisions" (Allen & Gerras, 2009, pp. 81), and this should be
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taught in the academic context (Paul & Elder, 2001). Craig Rusbult (2001) agrees with the
above by stating that problem-solving in today's and tomorrow's society needs to "generate
ideas (by creativity) and evaluate ideas (by criticality). Creativity occurs first in the
process, and it's the foundation of critical thinking" (Rusbult, 2001). "Critical thinking
means making reasoned judgments", where one judges the "quality of something, from
cooking to a conclusion of a research paper". "Critical thinking is a disciplined manner of
thought that a person uses to assess the validity of something: a statement, news story,
argument, research, etc" (Rusbult, 2001). The essence of critical thinking is logic, and
logical evaluation. In fact, for Rusbult, critical thinking is equivalent to evaluating thinking
(Rusbult, 2001).
The staff of The Critical Thinking Company (2005) states that: "Critical thinking is the
identification and evaluation of evidence to guide decision making. A critical thinker uses
broad in-depth analysis of evidence to make decisions and communicate his/her beliefs
clearly and accurately". They also say that a critical thinker "(1) is open-minded and
mindful of alternatives, (2) tries to be well-informed, (3) judges well the credibility of
sources, (4) identifies conclusions, reasons, and assumptions, (5) judges well the quality of
an argument, including the acceptability of its reasons, assumptions, and evidence, (6) can
well develop and defend a reasonable position, (7) asks appropriate clarifying questions,
(8) formulates plausible hypotheses; plans experiments well, (9) defines terms in a way
appropriate for the context, (10) and draws conclusions when warranted, but with caution".
The MCC General Education Initiatives (1999) states that "critical thinking includes
the ability to respond to material by distinguishing between facts and opinions or personal
feelings, judgments and inferences, inductive and deductive arguments, and the objective
and subjective. It also includes the ability to generate questions, construct, and recognize
the structure of arguments, and adequately support arguments; define, analyze, and devise
solutions for problems and issues; sort, organize, classify, correlate, and analyze materials
and data; integrate information and see relationships; evaluate information, materials, and
data by drawing inferences, arriving at reasonable and informed conclusions, applying
understanding and knowledge to new and different problems, developing rational and
reasonable interpretations, suspending beliefs and remaining open to new information,
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methods, cultural systems, values and beliefs and by assimilating information" (The
Critical Thinking Company, 2005).
The Delphi Report defined critical thinking in this way: "We understand critical
thinking to be purposeful, self-regulatory judgment which results in interpretation,
analysis, evaluation, and inference, as well as explanation of the evidential, conceptual,
methodological, criteriological, or contextual considerations upon which that judgment is
based. Critical Thinking is essential as a tool of inquiry. As such, Critical Thinking is a
liberating force in education and a powerful resource in one's personal and civic life. While
not synonymous with good thinking, Critical Thinking is a pervasive and self-rectifying
human phenomenon. The ideal critical thinker is habitually inquisitive, well-informed,
trustful of reason, open-minded, flexible, fair-minded in evaluation, honest in facing
personal biases, prudent in making judgments, willing to reconsider, clear about issues,
orderly in complex matters, diligent in seeking relevant information, reasonable in the
selection of criteria, focused in inquiry, and persistent in seeking results which are as
precise as the subject and the circumstances of inquiry permit. Thus, educating good
critical thinkers means working toward this ideal. It combines developing Critical
Thinking skills with nurturing those dispositions which consistently yield useful insights
and which are the basis of a rational and democratic society" (Facione, 1990). Facione
(2010), who was the principal investigator of the Delphi Report, states that the definition
of critical thinking is very ambiguous, although on a basic level it can be defined as "good
thinking", the "opposite of illogical, irrational, thinking" (Facione, 2010, pp. 2). Critical
thinking focuses on reasoning, argumentation, and judgment. He says that critical thinking
came before schooling was ever invented, it lies at the very roots of civilization (Facione,
2010, pp. 9). He writes that critical thinking can be a collaborative endeavor, and it has a
purpose. He also defends that a person does not show critical thinking all the time. Facione
states that the experts defend that the cognitive skills at the "very core of critical thinking
are: interpretation, analysis, evaluation, inference, explanation, and self-regulation"
(Facione, 2010, pp. 5).
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Figure 2.6 - Cognitive Skills for Critical Thinking (Facione, 2010, pp. 5)

Interpretation is "to comprehend and express the meaning or significance of a wide
variety of experiences, situations, data, events, judgments, conventions, beliefs, rules,
procedures, or criteria", and "includes the sub-skills of categorization, decoding
significance, and clarifying meaning" (Facione, 2010, pp. 6). Analysis is "to identify the
intended and actual inferential relationships among statements, questions, concepts,
descriptions, or other forms of representation intended to express belief, judgment,
experiences, reasons, information, or opinions", and includes examining ideas, identifying
unstated assumptions, detecting arguments, and analyzing arguments as sub-skills of
analysis (Facione, 2010, pp. 6). Evaluation is "to assess the credibility of statements or
other representations which are accounts or descriptions of a person's perception,
experience, situation, judgment, belief, or opinion; and to assess the logical strength of the
actual or intended inferential relationships among statements, descriptions, questions or
other forms of representation", which includes comparing the strengths and weaknesses of
alternative interpretations, and determining the credibility of a source of information
(Facione, 2010, pp. 6). Inference means "to identify and secure elements needed to draw
reasonable conclusions; to form conjectures and hypotheses; to consider relevant
information and to educe the consequences flowing from data, statements, principles,
evidence, judgments, beliefs, opinions, concepts, descriptions, questions, or other forms of
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representation", including the sub-skills of querying evidence, conjecturing alternatives,
and drawing conclusions. (Facione, 2010, pp. 6). Explanation is being able to present in a
cogent and coherent way the results of one's reasoning, meaning being able to present the
big picture: both "to state and to justify that reasoning in terms of the evidential,
conceptual, methodological, criteriological, and contextual considerations upon which
one's results were based; and to present one's reasoning in the form of cogent arguments",
which includes the sub-skills of "describing methods and results, justifying procedures,
proposing and defending with good reasons one's causal and conceptual explanations of
events or points of view, and presenting full and well-reasoned, arguments in the context
of seeking the best understandings possible" (Facione, 2010, pp. 7). Self-regulation,
sometimes called metacognition, raises thinking to another level, and it means "selfconsciously to monitor one's cognitive activities, the elements used in those activities, and
the results educed, particularly by applying skills in analysis, and evaluation to one's own
inferential judgments with a view toward questioning, confirming, validating, or correcting
either one's reasoning or one's results", which includes the sub-skills of self-examination
and self-correction (Facione, 2010, pp. 7).

Figure 2.7 - Critical Thinking characteristics (Facione, 2010, pp. 11)
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Facione argues that, although listening to others, being open-minded, being fair, being
honest (against prejudices and stereotypes), being flexible, seeking truth, trusting reason,
and considering alternatives (Facione, 2010, pp. 10), a critical thinker prefers to think by
himself (instead of blindly following what someone else tells him to do or think). An ideal
critical thinker is defined not just by his cognitive skills but also by his dispositions, how
he approaches life (Facione, 2010, pp. 9). Critical thinking is about how one approaches
problems, questions, and issues (Facione, 2010, pp. 9). It may be even defined on how we
deal with our social responsibility (Facione, 2010, pp. 12). Facione defends that critical
thinking is different from creative thinking, which leads to new insights, fresh
perspectives, and new ways of understanding and conceiving things - like poetry, dance,
and technical inventions (Facione, 2010, pp. 12). He also states that thinking is more
integrated than dualistic (intuition vs. reflection, emotion vs. reason), and all systems are
integrated in us (Facione, 2010, pp. 13). Facione affirms that in our daily lives we
constantly use different forms of critical thinking (Aikenhead, 2006), since we identify
problems, define the context, "gather information, analyze options, explore possibilities,
formulate some thoughts about what we propose to do, why this choice is the right one",
and self-correct if we didn't get the expected result (Facione, 2010, pp. 24). In other words,
"we make a purposeful, reflective judgment about what to believe or what to do" (Facione,
2010, pp. 13). Facione warns about "the perils of trusting our lives and fortunes to the
decision-making of people who are gullible, uninformed, and unreflective". Thus, critical
thinking is crucial for better decisions, and to know who to trust (who are the specialists).
Critical thinking is fundamental to "a rational and democratic society" (Facione, 2010, pp.
20), while the opposite leads to dictatorships, religious extremism, and terrorists, who
attack knowledge, truth-seeking, and thinking differently, and want to control people, and
want people to follow their own ideas. If a society does not value and cultivate critical
thinking, the judicial system, the economic system would collapse, "cultures disintegrate,
communities collapse, the machinery of civilization fails, massive numbers of people die,
and social and political chaos ensues" (Facione, 2010, pp. 21). Thus, all citizens should be
taught to think critically, "not just for their own personal good, but for the good of the rest
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of us too" (Facione, 2010, pp. 21). In the words of Peter Facione: "Teach people to make
good decisions and you equip them to improve their own futures and become contributing
members of society, rather than burdens on society" (Facione, 2010, pp. 2).
Richard Paul defines it as "the intellectually disciplined process of actively and
skillfully

conceptualizing,

applying,

analyzing,

synthesizing,

and/or

evaluating

information, gathered or generated by observation, experience, reflection, reasoning,
and/or communication as a guide to belief or action. The goal is to weed out prejudice and
bias to allow well-reasoned views to take root in order to motivate proper action" (Scanlan,
2006). "People do not sufficiently analyze the reasons by which they live, do not examine
the assumptions, commitments, and logic of daily life" (Burbules & Berk, 1999). As
Richard Paul (1995) puts it, the basic problem is irrational, illogical, and unexamined
living. The objective should be to "supplant sloppy or distorted thinking with thinking
based upon reliable procedures of inquiry" (Burbules & Berk, 1999). "Critical thinking
encompasses the eight elements of reason: purpose, points of view, question at issue,
information, interpretations and inference, concepts, assumptions, implications and
consequences" (Paul, 1995).

Figure 2.8 - Elements of Reason (Paul, 2001, pp. 2)
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By doing this, one is able to overcome egocentrism, sociocentrism, self-delusion, faulty
arguments, and irrationality (Paul, 2001). Paul defends that one needs to be an independent
thinker, one needs to identify the parts of one's thinking, and one needs to be able to assess
one's own thinking (Scanlan, 2006). In his words: critical thinking is "thinking about your
thinking while you're thinking to make your thinking better" (Paul, 1995, pp. 91).
This is Paul's entire model regarding critical thinking:

Figure 2.9 - Critical Thinking model (Reed, 1998, pp. 77)
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Paul (2001) says that curiosity is very important in the process of critical thinking since
it enable us to constantly question things (Paul, 1995). Paul also says that critical thinking
is not universal in any person; everyone has episodes of undisciplined or irrational thought,
and thus critical thinking is a matter of degree (Paul, 1995). Therefore, the development of
critical thinking skills and dispositions is a life-long endeavor (Paul, 1995).
As a summary of all these views, we can synthesize that critical thinking involves
gathering of relevant information, asking questions, having doubts, and considering
alternative points of view and options (Feynman, 1999, pp. 7). It is based on logical
strength, consistency, and reason. Critical thinking can be considered equivalent to
evaluating thinking, since mostly it interprets information, evaluates evidences, and
evaluates arguments. It also examines assumptions, reduces bias, and it is our guarantee
against delusion, beliefs, deception, fallacies, lies, extremism, irrationality, superstition,
prejudices, and misinterpretation of ourselves and of the world surrounding us. One also
needs to understand that a person will not show critical thinking all the time. A very
important characteristic of critical thinking is self-reflection and self-awareness, where
people evaluate their own thinking, and challenge their own assumptions and beliefs
(Magueijo, 2003, pp. 7). Critical thinking has a purpose (Jenkins, 1997), which is to make
better decisions, trying to find the truth, and formulate rational judgments - informed
decision-making is key in today's society. We do this in our daily experience, although we
may not consider it (Aikenhead, 2006). In a ever-changing world, it's crucial that there are
informed citizens who can positively contribute to society by thinking critically about
social issues (Hurd, 1998), and evaluating work, media statements, pseudo-science claims,
faulty reasoning, fear-based arguments, etc (Hurd, 1998). As Cornelia Dean (2005) wrote:
society is permeated by scientific debates all the time, from global warming to stem cell
research, and thus it's imperative that people understand basic scientific concepts and think
critically, in order to take part in the democratic process (Dean, 2005; Feynman, 1999, pp.
251; Hurd, 1998). In fact, in society, critical thinking opened the way for the emergence of
science and for the development of democracy, human rights, and freedom of thought
(Paul et al., 1997). Critical thinking enables better political and economic decisions
(Thomas & Durant, 1987; Prewitt, 1983), reduces superstition, improves behaviors, and
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creates a more ethical world (Laetsch, 1987). Science literacy based on critical thinking is
a public good, a civic duty for all citizens (Hand et al., 2003). Critical thinking improves
our lives, demonstrates who we are, and determines our worldview (Dvorsky, 2007). It's
vital for our success in life.

Figure 2.10 - Science Literacy (Knight, 2011)
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The ambiguous definition of critical thinking is important when we discuss scientific
literacy. Although educators agree that scientific literacy is necessary and even a right of
the people (Hand et al., 2003), in order to have a better society (Dvorsky, 2007; Laetsch,
1987), and even most agree that scientific literacy "stands for what the general public
ought to know about science" (Durant, 1993, pp. 129), "people understanding of science"
(Laugksch, 2000, pp. 71), the fact is that there is a lack of consensus about the meaning of
scientific literacy (Roberts, 2007; Reed, 1998; Bybee, 1997; Ennis, 1996; Shamos, 1995;
Champagne & Lovitts, 1989; Beyer, 1985) and how to achieve it (NRC, 1999). There is a
"conceptual swamp" (Cuban, 1984). Like 2350 years ago, today there is a lack of
consensus about what to teach students in order to improve their overall knowledge and
chances in the world. Aristotle, after surveying the schools of Rome, wrote: "There is no
general agreement about what a young person should learn, either in relation to more virtue
or to success in life. The existing practice is perplexing; no one knows on what we should
proceed - should the useful in life, or should virtue, or should the higher knowledge, be the
aim of our training; all three opinions have been entertained. Again, about the means there
is no agreement; for different persons, starting with different ideas about the nature of
virtue, naturally disagree about the practice of it. There can be no doubt that children
should be taught those useful things which are really necessary" (Jewett & Hutcher, 1964,
pp. 268). Nowadays, Aristotle could write the same thing.
Science classes assume that students should be evaluated in terms of content
knowledge that they memorize mostly in the days before the exams (Perfetti et al., 1995).
It's a threatening concept for the students that are being evaluated (National Panel Report,
2002, pp. 40), which produce sterile results in terms of deep thinking. Several authors
defend that science literacy is equivalent to content knowledge (Smith & Tanner, 2010)
and even created diagnostic tests (Treagust, 1988) and concept inventories - standardized
assessment tool with a multiple-choice instrument (Bailey, 2009) that evaluates how well a
student's conceptual framework matches the accepted conceptual framework of a discipline
(Herman et al., 2010; Libarkin, 2008) - to measure it. Some examples are: Astronomy
Diagnostic Test (Hufnagel, 2002; Deming, 2002; Deming, 2000), Lunar Phases Concept

112

Inventory (Lindell, 2004; Lindell & Olsen, 2002), Greenhouse Effect Concept Inventory
(Keller et al., 2006), Star Properties Concept Inventory (Bailey, 2007), Light and
Spectroscopy Concept Inventory (Bardar et al., 2007; Bardar et al., 2005; Slater et al.,
2001), Force Concept Inventory (Hestenes et al., 1992), Force and Motion Conceptual
Evaluation (Thornton & Sokoloff, 1998), Thermal Concept Evaluation (Yeo & Zadnick,
2001), Brief Electricity and Magnetism Assessment (Ding et al., 2006), Conceptual Survey
in Electricity and Magnetism (Maloney et al., 2001), Chemistry Diagnostic Test (Russell,
1994), Geoscience Concept Inventory (Libarkin, 2008; Libarkin & Anderson, 2007),
Biology Concept Inventory (Garvin-Doxas & Klymkowsky, 2008), Inventory of Natural
Selection (Anderson et al., 2002), Genetics Concept Assessment (Smith et al., 2008),
Genetics Literacy Assessment Instrument (Bowling et al., 2008), Genetics Concept
Inventory (Elrod, 2007), and several others (Bailey, 2009). However, these assessments
only measure content knowledge (Smith & Tanner, 2010) and familiarity with content
context (Huffman & Heller, 1995); they do not measure deep conceptual understanding,
critical thinking, or scientific literacy (Black, 2003). Thus, multiple-choice tests are not
valid indicators of critical thinking ability (Reed, 1998, pp. 33; Keeley & Browne, 1986).
Content knowledge is not synonymous with scientific literacy (Dvorsky, 2007); in fact, as
Carl Sagan once noted: "Science is a way of thinking much more than it is a body of
knowledge" (Dvorsky, 2007).
Other authors defend that scientific literacy is directly related with knowing about the
nature of science, and thus created assessments based on this: MPEX - Maryland Physics
Expectations Survey (Redish et al., 1998), EBAPS - Epistemological Beliefs Assessment
for Physics Science (Elby et al., 1999), VASS - Views About Science Survey (Halloun,
1997), TOSRA - Test Of Science-Related Attitudes (Fraser, 1981), CLASS - Colorado
Learning Attitudes about Science Survey (Adams et al., 2006), VNOS - Views of Nature
of Science Questionnaire (Abd-El-Khalick et al., 2001; Lederman, 1992), and others
(Marble, 1992).
Even other authors consider that students need to be scientific literate in the field, using
FLAG - Field-tested Learning Assessment Guide (Seymour & Zeilik, 2003), or by doing
interactions between themselves, using CLASS - Classroom Assessment Scoring System
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(La Paro et al., 2004), or by showing scientific skills in oral discussions where students can
show their "habits of the mind" (e.g., thinking process, reasoning, and communication
skills) (Wright et al, 1998).
And others defend the equivalence between scientific literacy and critical thinking. In
fact, several authors think that critical thinking is crucial to scientific literacy. To be
scientific literate, one needs critical thinking.
The National Science Education Standards (NSES) defines scientific literacy as "the
knowledge and understanding of scientific concepts and processes required for personal
decision making, participation in civic and cultural affairs, and economic productivity"
(NRC, 1996; NSES, 1996, pp. 22). People should not only know science and the world, not
only should they understand how to think logically and scientifically, not only should they
be able to think critically in order to distinguish rationality from pseudo-arguments, but
they should be able to apply this knowledge in their daily life (NSES, 1996, pp. 23).
Throughout an active process and minds-on experiences (NSES, 1996, pp. 20) in their
everyday experiences (NSES, 1996, pp. 22), people should be able to have content
knowledge of different sciences (NSES, 1996, pp. 21), should understand the nature of
science (NSES, 1996, pp. 21), should understand the history of science in different
cultures, and should understand the role of science in society and vice-versa (NSES, 1996,
pp. 21).
The National Science Teachers Association, NSTA (1991), suggested that "a
scientifically literate person needs intellectual capability (Higher Order Thinking Skills):
(1) uses concepts of science and of technology, as well as an informed reflection of ethical
values, in solving everyday problems and making responsible decisions in everyday life,
including work and leisure; (2) locates, collects, analyses, and evaluates sources of
scientific and technological information and uses these sources in solving problems,
making decisions and taking actions; (3) distinguishes between scientific and technological
evidence and personal opinion and between reliable and unreliable information; (4) offers
explanations of natural phenomena testable for their validity; (5) applies skepticism,
careful methods, logical reasoning, and creativity in investigating the observable universe;
(6) defends decisions and actions using rational arguments based on evidence; and (7)
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analyses interactions among science, technology and society. The person also needs a
specific set of attitudes: (8) displays curiosity about the natural and human-made world; (9)
values scientific research and technological problem solving; (10) remains open to new
evidence and the tentativeness of scientific/technological knowledge; and (11) engages in
science/technology for excitement and possible explanations. The person also needs to
know how to deal with society issues: (12) recognizes that science and technology are
human endeavors; (13) weighs the benefits/burdens of scientific and technological
development; (14) recognizes the strengths and limitations of science and technology for
advancing human welfare; and (15) engages in responsible personal and civic actions after
weighing the possible consequences of alternative options. And finally, the person needs to
have an interdisciplinary mind: (16) connects science and technology to other human
endeavors, e.g. history, mathematics, the arts, and the humanities; and (17) considers the
political, economic, moral and ethical aspects of science and technology as they relate to
personal and global issues" (Holbrook & Rannikmae, 2009, pp. 277). Thus, knowing how
science affects society and vice-versa, evaluation of information, and critical thinking, are
extremely important for scientific literacy.
The American Association for the Advancement of Science (AAAS), in its Project
2061 - the date when Halley's comet will return -, state that "a scientifically literate person
is one who is aware that science, mathematics, and technology are interdependent human
enterprises with strengths and limitations, who understands key concepts and principles of
science, who is familiar with the natural world and recognizes both its diversity and unity,
and who uses scientific knowledge and scientific ways of thinking for individual and social
purposes" (AAAS, 1989). Thus, scientific literacy is not just the so-called book
knowledge, the science content knowledge (Holbrook & Rannikmae, 2009, pp. 277), but
also knowledge across different domains (Roberts, 2007), the understanding of the nature
of science, the relationship between science and society, and especially the exercise of
scientific habits of mind, which includes values of science, the social aspect of science,
attitudes toward science, communication skills, and critical thinking, in order to make
better decisions (AAAS, 1989). Science Literacy is a "way of thinking" (AAAS, 1989).
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According to Wikipedia (2010j), the "scientifically literate person is able to understand
experiment and reasoning" (Wikipedia, 2010j). "Scientific literacy means that a person can
ask, find, or determine answers to questions derived from curiosity about everyday
experiences. It means that a person has the ability to describe, explain, and predict natural
phenomena. Scientific literacy entails being able to read with understanding articles about
science in the popular press and to engage in social conversation about the validity of the
conclusions. Scientific literacy implies that a person can identify scientific issues
underlying national and local decisions and express positions that are scientifically and
technologically informed. A literate citizen should be able to evaluate the quality of
scientific information on the basis of its source and the methods used to generate it.
Scientific literacy also implies the capacity to pose and evaluate arguments based on
evidence and to apply conclusions from such arguments appropriately" (Wikipedia, 2010j).
Thus, according to Wikipedia (2010j), scientific literacy means understand scientific
concepts and processes, be technologically informed, generate questions, look for
evidences, make informed predictions, and use reason and rationality to evaluate
arguments/information in order to have an important civic participation; this basically is
the same of what the National Science Education Standards say that an informed literate
citizen should do (NSES, 1996, pp. 22).
One would like to have scientific literacy and critical thinking, among the population.
However, critical thinking skills are dropping (NCES, 2006), and companies are
complaining they can't find employers with those skills (Hall & Wessel, 1989). Schools
and colleges are the natural places to develop critical thinking skills, but how does
education relates to critical thinking and scientific literacy? Critical thinking is especially
important in education since it is about evaluating one's thinking, self-reflection, and thus
it's important in education that students know how to assess their own work, knowledge,
and beliefs. Like Richard Paul said: "critical thinking is thinking about your thinking while
you're thinking in order to make your thinking better: more clear, more accurate, or more
defensible" (Paul, 1995).
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Ginsberg and Opper (1979) argue that, even as adolescents, we are able to observe,
experiment, analyze the results and draw the proper logical conclusions (Aikenhead,
2006); thus it shouldn't be difficult for us to develop scientific literacy and critical thinking.
However, schools tend to castrate the creativity and the critical thinking of the students
(Duckworth, 2006). Children constantly ask why, an innate curiosity to question deeply,
which is killed by superficial didactic instruction and glib answers (Paul, 1995). The
human mind limits itself to think sociocentrically, which is promoted by the uncritically
instruction in schools which support and maintain social indoctrination (Paul et al., 1997).
Reed (1998) states that "studies have shown that most schools are neither challenging
students to think critically about academic subjects nor helping them develop the reasoning
abilities needed to deal successfully with the complexities of modern life" (Reed, 1998, pp.
2; Paul, 1995). College does not prepare students to reason well (Paul et al., 1997; Goodlad
& Keating, 1994; Capps & Vocke, 1991; Goodlad, 1984), having a limited effect on
students' critical thinking abilities (Halpern, 1998; Keeley & Browne, 1986; Perkins,
1985), which translates into "faulty everyday reasoning and poor argumentation skills used
by most people" (Reed, 1998, pp. 3; Kuhn, 1992; Perkins et al., 1991; Perkins, 1989). Even
George Bernard Shaw wrote: "Most people don't take the time to think".
McMillan (1987) "reviewed 27 studies that investigated the effect of various courses
and programs on critical thinking abilities among college students, and he found that while
results have failed to support the use of specific instructional or course conditions to
enhance critical thinking, they did support the conclusion that college attendance improves
critical thinking" (Reed, 1998, pp. 30; McMillan, 1987), although the studies may have had
several mistakes (Reed, 1998, pp. 30). The National Education Goals Panel identified the
need for a substantial increase in "the proportion of college graduates who demonstrate an
advanced ability to think critically, communicate effectively, and solve problems"
(National Education Goals Panel, 1991, pp. 62).
A majority of adults, including college students, do not show formal reasoning patterns
(Smith & Tanner, 2010; Kublin, 1990; Toothacker, 1983), and they do not seem to be
scientifically literate (Wright, 2005). Only 9% of teachers report clearly teaching critical
thinking (Paul, 1995), with separation of learning from thinking (Scanlan, 2006, pp. 6). In
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fact, neither students or teachers seem to show critical thinking (Scanlan, 2006; Paul
1995), and both groups are resistant to change (Durr et al., 1999). Thus, students aren't
learning the critical skills they need (Shemesh et al., 1992; Bady et al., 1984), and teachers
are resistant to teaching them (Scanlan, 2006, pp. 7). Nevertheless, Keeley et al. (1982)
stated that studies found changes in the critical thinking of college students, from freshmen
to senior years, in terms of define problems, generate hypotheses, and draw valid
conclusions. Youngju Kim (1995) also states that "a majority of alumni and students think
that their college experiences had improved their ability to think critically" (Kim, 1995, pp.
40). Kim (1995) also found out that "students who reason well score higher on science
content examinations, and have stronger science process skills and more interest in
science" (Kim, 1995, pp. 42). More studies found out the same - that there is a relationship
between student's ability in logical reasoning, in critical thinking, and success in science
(Kim, 1995, pp. 103; Chen, 1992; Eade, 1991; Piburn, 1990; Helseth & Yeany, 1981;
Padilla & Dillashaw, 1981; Pallrand et al., 1981). The fact seems to be that critical thinking
skills are learnable, like academic subjects (Kim, 1995, pp. 40). Walsh and Paul (1988)
agree and emphasize that critical thinking is a skill (Angelo, 1995, pp. 6) that can be
learned and needs to be improved in everybody (Walsh & Paul, 1988, pp. 13). As Alfred
Mander stated: "Thinking is skilled work. It is not true that we are naturally endowed with
the ability to think clearly and logically - without learning how or without practicing"
(Mander, 1947).
Sally Bryan showed that "when students take responsibility for their own learning, "the
learning is richer in content and deeper in concept development" (Bryan, 2000); "when
students were given control over their own learning, the depth to which they learned and
retained their topic information exceeded that of standard lecture-based instruction. The
students did not view information as obscure facts that were quickly forgotten after some
test. Students were self-interested in retaining the content. Bryan's study suggests that a
key component in teaching and learning critical thinking is student self-investment - a
student must take personal responsibility for her own learning, not being dependent on a
teacher to 'give her the answer', which requires and exercises critical thinking skills"
(Scanlan, 2006; Bryan, 2000). This self-involvement by the students was also tested by
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Kristina Hedberg, who helped students access prior knowledge when learning and
analyzing new material, and found that her students were able to apply the new concepts to
other aspects of their learning, and even to newer, unfamiliar material, showing critical
thinking (Hedberg, 2002). Bodner also defends that students should acquire new
information, not in isolation, but integrated it with their previous experiences (Bodner,
1986); this will allow the learner to think independently, since the new "knowledge is
constructed in the mind of the learner" (Bodner, 1986, pp. 873). Thus, for Bodner,
constructivism promotes critical thinking (Bodner, 1986). There are also studies that show
that critical thinking is best learned when students are self-motivated (Dellet et al., 1999)
and they apply the critical thinking to issues that are relevant to their lives (Bomer, 2000).
Bomer used reflective conversation to "get students to apply their thinking to issues outside
themselves", teaching them critical thinking (Bomer, 2000). Additionally, several studies
indicate that improving students' thinking requires explicit teaching of critical thinking
skills (Bangert-Drowns & Bankert, 1990; Halpern, 1998; Keeley, Browne, & Kreutzer,
1982; Perkins, 1989; Underbakke, Borg, & Peterson, 1993).
Munby and Roberts (1998) think that science classes should teach the nature of science
with instructional goals that aim to increase intellectual independence of learners (critical
thinking). This formal instruction in schools should promote formal thought, thinking
skills, critical thinking (Schneider, 1993; Lawson, 1985; Lawson, 1982). William Bechtel
(1988) thinks that in science we need to evaluate arguments all the time (logic), and to
question things is at the base of the nature of science. Thus, this should be taught in college
classes, exactly as it is in science - show that the basis of the nature of science is to
question things, and that claims are permanently evaluated (Bechtel, 1988). Education
should show science as it is, an ongoing critical thinking.
Hazen (2002) states that scientific literacy is a mix of scientific concepts, history, and
philosophy that should be taught in classes, in order for students to be able to understand
the nature of science, to evaluate everyday claims, to understand daily newspaper and TV
news, to develop critical thinking, and to comprehend the scientific issues of the world of
today and of the world of tomorrow. Democracy requires informed citizens. For Hazen,
scientific literacy is not about "specialized, jargon-filled esoteric lingo of the experts",
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complex vocabulary, mathematical rigor, neither is about being a scientist able to produce
science, but it is simply to understand different scientific issues in magazines and
newspapers (Hazen, 2002). It's not doing science, but using science.
Diana Mason (2003) and Dvorsky (2007) argue that in the classroom there should be
critical thinking. Smith and Tanner (2010) defend that we should aspire to cultivate in our
students: scientific habits of mind, scientific literacy and the ability to think independently
(Smith & Tanner, 2010). Paul DeHart Hurd (1998) states that in this continuously
changing world, the goal of education should be to prepare students to be "socially
responsible and competent citizens" (Hurd, 1998, pp. 409), in order to rationally think
about science in relation to personal, social, cultural, political, economic problems, and
issues that one is likely to meet throughout life (Hurd, 1998). He argues that besides
content knowledge, students should be able to "analyze and process information to
generate knowledge that extends beyond facts" (Hurd, 1998, pp. 413). Thus, critical
thinking that goes beyond memorizing facts, is very important. Art Hobson (2008) states
that "if an industrialized nation is democratic, its citizens must ultimately make the crucial
choices about the uses of science and technology. A scientifically illiterate citizenry is thus
a prescription for disaster. Indeed, recent history illustrates vividly that the entire world
must turn from violence, from fear of knowledge, from irrational and extreme ideologies,
toward peaceful co-existence, science, and reason. Surely scientific literacy, including
especially critical thinking and an understanding of the processes of science, are crucial to
this transition". Thus, he defends that colleges should teach more science classes for nonscience majors, and should teach more critical, scientific thinking (Hobson, 2008).
Carl Sagan (1995) was a champion for science, skepticism, imagination and democracy
(Davidson, 1999). He believed that knowledge is power, and in this age based on science
and technology, scientific knowledge is vital. Sagan completely believed that society
needed informed citizens: "Our species needs, and deserves, a citizenry with minds wide
awake and a basic understanding of how the world works" (Sagan, 1995, pp. 336). This
vision was shared by his wife, Ann Druyan, who wrote: "Our society is based on science
and high technology, but only a small minority among us has even a superficial
understanding of how they work. How can we hope to be responsible citizens of a
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democratic society, informed decision makers regarding the inevitable challenges posed by
these newly acquired powers?" (Sagan, 2006, pp. xiii). More than content knowledge, he
argued that people should have critical thinking. In fact, he even stated: "Science is a way
of thinking much more than it is a body of knowledge" (Sagan, 1979, pp. 15). Scientific
knowledge and critical thinking among the population, in today's and tomorrow's world, is
more than just crucial for a democratic society; it's also vital for the survival of humanity:
"Science is an absolutely essential tool for any society with a hope of surviving well into
the next century with its fundamental value intact - not just science as engaged in by its
practitioners, but science understood and embraced by the entire human community"
(Sagan, 1995, pp. 336). Thus, Carl Sagan regarded as imperative that schools and colleges
would teach science content to their students, along with the critical thinking tools
necessary for those students to become the informed deciders of the future.
Neil deGrasse Tyson (2009) defends exactly the same thing. In a recent interview he
says that scientific literacy is not just about scientific facts, but it's about thinking about
how the world works - it's basically a way of thinking. In his words: "People think science
literacy is being able to recite facts - how long does it take for the moon to go around the
earth, how does your microwave oven work. And it's not that. It's a part of it, but it's not
the main part. The main part is how do you look at the world. What lens, what does the
world look like through your lens. If you're scientifically literate, the world looks very
different to you. It's not just a lot of mysterious things happening, there's a lot of things we
understand out there! And that understanding empowers you – to, first, not be taken
advantage of by others who do understand it. And second, there are issues that confront
society that have science as their foundation. If you're not scientifically literate, you are in
a sense disenfranchising yourself from the democratic process. And you don't even know
it" (Tyson, 2009). Although more interested in informal education, Tyson argues that
formal and informal education should provide both science content knowledge and critical
thinking to the students.
Stephen Hawking (2009) stated that "in the 18th century, there was said to be a man
who had read every book written. But nowadays, if you read one book a day, it would take
you about 15,000 years to read through the books in a National Library. By which time,
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many more books would have been written. This has meant that no one person can be the
master of more than a small corner of human knowledge. People have to specialize, in
narrower and narrower fields". Thus, more than content knowledge, people need to be
smart enough to ask the experts in their fields (including experts from one field need to ask
experts from other fields, if those are the fields being discussed), and they also need to
have critical thinking in order to evaluate the statements that are said daily on the media
and in life, in order to not let themselves be lied, deceived.
George D. Nelson (1999) starts by saying that the science literacy in USA is lower than
in most countries. He defends that students need to learn the nature of science and must
acquire scientific habits of mind, in order for people to make better personal, economic,
and political decisions and to create a better world. Students need to obtain critical thinking
skills, to distinguish evidence-based explanations from simple opinion, to evaluate
arguments, and so on. School curriculums should choose quality (based on critical thinking
skills) instead of quantity (based on the amount of content knowledge); thought instead of
memorization (Nelson, 1999).
Wynne (1991) states that students should learn how to interpret, negotiate, and evaluate
scientific information, in order to know how to distinguish opinions from informed
explanations. And this critical thinking should be transferred to the everyday life,
especially when evaluating news in the media.
Holbrook & Rannikmae (2009) defend that literacy is more than simply reading and
writing. Besides science content knowledge, a person needs reasoning skills in a social
context. They defend that scientific literacy is not just about the acquisition of content, but
an "appreciation of the nature of science, the development of personal attributes and the
acquisition of socioscientific skills and values" (Holbrook & Rannikmae, 2009, pp. 276),
in order to be a responsible citizen and make better decisions (Thomas & Durant, 1987;
Prewitt, 1983). To adapt to the challenges of a rapidly changing world, a scientifically
literate person needs to develop life skills (Rychen & Salganik, 2003), and this includes,
for instance, to know how to differentiate pseudoscience claims from viable claims.
Therefore, evaluating claims on the basis of evidence and reason, and having critical
thinking about, for instance, news on the media, are very important life skills in today's
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world (Holbrook & Rannikmae, 2009, pp. 285). Hirsch (1987) defends that schools
shouldn't just teach basic reading and writing skills and basic content knowledge, but they
should empower students with true scientific literacy: cultural literacy, self-reflection, and
critical thinking. Wessling (2001) agrees, although he states that students should also learn
analogical imagination, like poetry, metaphors, and other reservoirs of common
experiences, to foster the creative intelligence and dream about other realities.
Arons (1983) enumerated 12 attributes of a scientifically literate individual, but for him
the most important characteristic is that "the scientifically literate individuals are able to
correctly apply scientific knowledge and reasoning skills to solving problems and making
decisions in their personal, civic, and professional lives" (Laugksch, 2000). Thus, applying
critical thinking to the goal of decision-making (Thomas & Durant, 1987).
Norris and Philips (2003) defend that scientific literacy includes: (a) Knowledge of the
substantive content of science and the ability to distinguish from non-science; (b)
Understanding science and its applications; (c) Knowledge of what counts as science; (d)
Independence in learning science; (e) Ability to think scientifically; (f) Ability to use
scientific knowledge in problem solving; (g) Knowledge needed for intelligent
participation in science-based issues; (h) Understanding the nature of science, including its
relationship with culture; (i) Appreciation of and comfort with science, including its
wonder and curiosity; (j) Knowledge of the risks and benefits of science; and (k) Ability to
think critically about science and to deal with scientific expertise (Holbrook & Rannikmae,
2009, pp. 276). Critical thinking is crucial in several of these characteristics.
Austin Dacey writes that science should be taught as an multidisciplinary subject
(Dacey, 2004), with "broad philosophical, social, cultural, and public policy implications"
(Dacey, 2010). Although science, in a restricted sense, is an unbiased and objective
endeavor (Dacey, 2008) that works extremely well (Dacey, 2008), as we can see in the
world surrounding us (Dacey, 2010), the fact is that science is an "holistic body of
information" (Dacey, 2010) that includes indetermination and social construction (Dacey,
2008). Besides appreciation of science, students and general population should be taught
how to have a critical view of the "technical discoveries and wonders of science" (Dacey,
2010). Thus, natural sciences and social sciences should work together with the goal of
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science education (Dacey, 2004). He says that there is a rise in pseudoscience and
paranormal beliefs in the last 50 years - "belief in alien visitation, ghosts, demon
possession, extra-sensory perception, communication with the dead, psychic abilities, and
creationism, among other phenomena" (Dacey, 2010) -, and also a rise in "alternative
medicines" - "spiritual healing, herbal medicines, homeopathy, and aromatherapy to the
use of acupuncture therapeutic touch, prayer at a distance, faith healing, chelation therapy,
and "miraculous" cancer cures" (Dacey, 2010). The problem seems to be that people
believe in things that have marketability, without even taking time to think correctly, and
thus they don't also lose their money, but also put their health at risk. This problem is
exacerbated by the mass media and the popular press, which promote and disseminate
misinformation for commercial and economic reasons (Dacey, 2010). People stopped
thinking critically, stopped thinking with reason, stopped thinking independently (Dacey,
2008). He defends science, imagination, reason, open-mind, knowledge, evidence,
cooperation, morality, ethics, truth, secular conscience, scientific thinking, critical
thinking, and the same objective standards all over the world (Dacey, 2008). He states that
opinions are not all worth the same; some opinions are right and others are wrong; the only
worthy opinions are the ones based on knowledge, investigation, debate and critical
thinking (Dacey, 2008). One should evaluate all ideas and opinions in the light of reason
(Dacey, 2008). He defends that one should not tolerate intolerance, by accepting a point of
view of "I'm entitled to my opinion" or "I'm entitled to my belief"; those statements refuse
debate, are intolerant, and fundamentalist, and they should be expelled from public debate
(Dacey, 2008). Thus, schools should prepare students for life, to be better thinking citizens,
by teaching scientific literacy (Dacey, 2004), not just related to content knowledge, but
especially by teaching and training critical thinking and self-reflection (Dacey, 2010), as
well as discuss the "cultural applications of science" (Dacey, 2004), in a participatory
mode within cultural beliefs and social values (Dacey, 2008).
William Graham Sumner agrees, and emphasizes that critical thinking is a product of
education and training, that turns into a mental habit and power (Paul et al., 1997). Sumner
states that education is only good if it develops critical thinking, producing good citizens,
educated citizenry (Paul et al., 1997). Lombard and Grosser (2004) defend that the critical
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thinking skill should be used within a subject content (Carr, 1988), but also in "general
daily scenarios" (Lombard & Grosser, 2004, pp. 212). Sumner also says that if in a class
students learn the basic tools of critical thought, then they can extend it (with adjustments)
to any subject field, any domain of study. By knowing how to question things in a
discipline (Carr, 1988), students will be able to cultivate habits of mind and develop skills
and abilities that will allow them to properly question things in other disciplines and other
areas of life (Paul et al., 1997). Halpern (1998) and Hedberg (2002) also defend that
learning critical thinking in one domain, helps develop critical thinking skills that can be
applied in other domains (Halpern, 1998).
Jennifer Reed (1998) states that "the demands of employment in a global economy, the
survival of a democratic way of life, and personal decision making in a complex and
rapidly changing society require people who can reason well and make good judgments"
(Reed, 1998, pp. 1; Secretary's Commission on Achieving Necessary Skills, 1991; Thomas
& Durant, 1987; Prewitt, 1983), since "our pluralistic society needs citizens who can fairmindedly evaluate the relevance of different perspectives on complex problems.
Additionally, making sound personal and civic decisions requires the ability to interpret
accurately information filtered by media that emphasize promotion and imagery over
reason" (Reed, 1998, pp. 2; Halpern, 1998; Goodlad & McMannon, 1997; Hunt, 1995).
"For students, workers, and citizens, critical thinking is an essential tool for performing
successfully in a complex and rapidly changing world" (Reed, 1998, pp. 2). The goal
should be to increase critical independent thinking, by promoting active student
participation in the learning process, including teaching for critical thinking (Reed, 1996).
Reed's study showed that critical thinking in college students can improve with just one
course (Reed, 1998, pp. 133, 160), with no changes in content knowledge (Reed, 1998, pp.
155, 160). She defends that deeper learning and more critical thinking in one academic
subject, can result in better critical thinkers in general (Reed, 1998, pp. 6) - thus, transfer of
learning can occur: "Transfer of learning for critical thinking, means that students who
have been trained in skills, standards, and dispositions of critical thinking in one domain
should be better thinkers in a variety of academic subjects and in real-world contexts such
as recognizing unrealistic campaign promises made by a political candidate or making
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well-reasoned personal decisions" (Reed, 1998, pp. 41). This transfer of knowledge
between domains, which is possible by using critical thinking, is an educators' goal, since
they want courses to have an effect that extends beyond their classroom and hence would
prefer to educate broadly rather than train for specific tasks (Lasry et al., 2009; Bransford
et al., 1999; Bransford & Schwartz, 1999). This is especially true for non-science majors
taking science courses (Lasry et al., 2009). Science classes should also teach self-reflection
(Lasry et al., 2009), or metacognition (White & Frederiksen, 1998; Flavell, 1976), since it
is a characteristic of critical thinking and also allows transference between domains (Lasry
et al., 2009; Bransford et al., 1999).
Many authors consider scientific literacy to be a life-long process, with many levels,
dimensions. Thus, they consider different types of science literacy that can be achieved.
The Organisation for Economic Cooperation and Development (OECD) periodically
performs worldwide evaluations, the Programme for International Student Assessment
(PISA). PISA tests literacy in three different fields: reading, mathematics, and science
(OECD, 2003). OECD considered PISA to be based on "a dynamic model of lifelong
learning in which new knowledge and skills necessary for successful adaptation to a
changing world are continuously acquired throughout life" (OECD, 2006, pp. 7), and that
PISA assesses students' knowledge and examines their ability to reflect, and to apply their
knowledge and experience to real world issues (OECD, 2006, pp. 7). In terms of scientific
literacy, the OECD (1998) PISA study defines it as "the capacity to use scientific
knowledge, to identify questions and to draw evidence-based conclusions in order to
understand and help make decisions about the natural world and the changes made to it
through human activity" (Holbrook & Rannikmae, 2009). This was later modified, and
scientific literacy was considered in three dimensions (OECD, 2006): Scientific Concepts,
which are known as science content knowledge; Scientific Processes, which basically
identifies evidence, considers alternative point of view, evaluates information, draws
conclusions, and makes predictions; Scientific Situations, where people apply the concepts
and processes in their everyday lives, and thus show their attitudes toward science
(Holbrook & Rannikmae, 2009; OECD, 2006, pp. 12). Thus, one is truly scientific literate
if besides knowing scientific concepts, also understand scientific processes, and apply
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them in everyday situations. Despite being well-regarded in Europe, especially due to the
comparisons between countries that it allows (OECD, 2007), the fact is that PISA received
several criticisms: it uses traditional assessments, like multiple-choice questions and shortanswer items; it neglects social skills; it assumes an objective nature of science; and it has
a narrow definition of scientific literacy (Lau, 2009). It seems that what it proposes and
what it really achieves are different things: it should evaluate scientific literacy partly
based on critical thinking, but in reality it simply tests for traditional content knowledge.
Gabel (1976) states that scientific literacy is: (1) understanding the content knowledge,
the nature of science, and the relationship between science, technology, and society; (2)
evaluating arguments and analyzing situations; (3) applying that knowledge in real-life
situations (Liu, 2009). Thus, for Gabel (1976), there are different degrees of science
literacy, and they can be achieved sequentially.
Shen (1975) identified six elements of science literacy: (a) understanding basic science
concepts, (b) understanding nature of science, (c) understanding ethics guiding scientists'
work, (d) understanding interrelationships between science and society, (e) understanding
interrelationship between science and humanities, and (f) understanding the relationships
and differences between science and technology. Based on the six elements, Shen (1975)
proposed three types of science literacy that includes (a) practical: possession of the kind
of scientific knowledge that can be used to help solve practical problems, (b) civic: to
enable the citizen to become more aware of science and science related issues in order to
participate in the democratic processes, and (c) cultural: knowledge and appreciation of
science as a major human achievement and cultural heritage (Liu, 2009; Laugksch, 2000;
Shen, 1975).
Jon Miller (1983) performed several studies to measure the scientific literacy of the
population and found out that only about 25% of Americans are "scientifically savvy and
alert" (Kluger, 2008; Dean, 2005). He stated that the adherence to creationism and
rejection of Darwinian theories comes from the fact that people are scientifically illiterate
(Dean, 2005). Thus, adherence to pseudoscience beliefs, a characteristic of the Dark Ages
that continues nowadays, is an effect of the lack of scientific literacy. He also defended
that the people more needed of scientific literacy are decision-makers, policy leaders, and
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attentive public - these are the non-science majors (Miller, 1987; Miller, 1983). Miller
considered scientific literacy to be a socially defined concept, thus it's a subjective notion
that depends on the culture, geographical region, era in time, and social conditions (Miller,
1992). Nevertheless, he defended three levels of scientific literacy (Miller, 1998; Miller,
1983): (a) an understanding of key scientific terms and concepts (i.e., science content
knowledge); (b) an understanding of the norms and methods of science (i.e., the nature of
science, the process of science, scientific hypothesis, evidence vs. superstition and religion
and astrology); and (c) an awareness and understanding of the impact of science and
technology on society (i.e., the science–technology–society (STS) movement) (Laugksch,
2000; Miller, 1983). Although in his studies he changed the questions to current topics on
the news (Miller, 1998), which was a great strategy, the fact is that his quizzes are very
similar to traditional assessment, with true-false answers, mostly closed-ended questions
about content knowledge (Miller, 1996), thus only evaluating the lower level of scientific
literacy. Despite the three levels, Miller argues that what society needs is its population to
have civic scientific literacy (Miller, 2002): "a level of understanding sufficient to read
science and technology stories written at the level of the New York Times science section
or an article in Science et Vie [a French science magazine], or watch a PBS program
NOVA" (Kluger, 2008; Miller, 2008; Miller, 2007; Miller, 2006). Essentially, a person
needs to understand the debates in the media about scientific issues, for instances, currently
about global warming and stem cell research (Miller, 2006), besides a vast amount of other
issues brought out on TV, on the internet, or in newspapers (Miller, 1995). This
characteristic has in fact a double feature: a person should be able to understand science
articles in newspapers and magazines; and those science news in the media (including TV
and internet) are the most important contributing factor to adult scientific literacy (Miller,
2002). People need to be able to properly evaluate the issues (Miller, 2006, pp. 3; Miller,
2002; Miller, 1983). In today's scientific world, if a person does not understand those
issues, then the person will not be an informed citizen, and therefore he/she will not have
civic scientific literacy. An healthy functioning democracy depends crucially upon the
existence of a literate public (Dean, 2005; Durant et al., 1992). "Having a basic knowledge
of scientific principles is no longer a luxury but, in today's complex world, a necessity"
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(Miller, 2007). It's important for democracy, for jobs, for consumers, and so on (Dean,
2005). In order to function as an informed contributing citizen in a democracy (Miller,
1995; Miller, 1992), one needs civic scientific literacy (Miller, 1987). Thus, college
science classes should be able to give tools to students in order for them to achieve this
level of literacy, instead of just giving them content knowledge. Students should learn how
to understand and evaluate the scientific issues discussed in the media.
Bybee (1997) conceptualizes science literacy as a continuum between four levels, from
nominal literacy to functional literacy to conceptual and procedural literacy and finally to
multi-dimensional literacy. Nominal literacy is about recognizing scientific terms, but not
understanding their meaning, leading to misconceptions. Functional literacy relates to
reading and writing simple scientific vocabulary in exams. Conceptual and procedural
literacy refers to understand the relationship between concepts and procedures, developing
new knowledge. Multidimensional literacy refers to understanding the concepts, and also
the nature of science, and the relationships between science and society (Liu, 2009). Only
the multidimensional level is the goal for the long term view of scientific literacy
(Holbrook & Rannikmae, 2009).
Xiufeng Liu (2009) states that "an expert in one field of science may be ignorant in
other science fields" (Liu, 2009, pp. 306). He considers scientific literacy as a life-long
process, as a continuum of learning, that may never be completely achieved. Science is an
ongoing process, science is constantly evolving, and thus scientific literacy reflects that
too. Liu defends that there should be a bridge between formal and informal science
education, as a continuum (Liu, 2009, pp. 308). Science literacy is a continuous process
that may be seen as formal learning in schools, but is also learned, within different levels,
in Museums, in newspapers, in TV programs, on the internet, etc. Thus, it's personal
enhancement, based on content knowledge and critical thinking, that expects an ongoing
civic participation from all citizens.
Wolff-Michael Roth and Angela Calabrese Barton (2004) defend that students learn
science literacy mostly from exercises that have meaning to them, which are related to
real-world experiences (Benenson, 2001). They argue that besides knowing content
knowledge (learned in schools), and being functional literate (understanding how
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technologies work), students are empowered when they apply their knowledge, and critical
thinking, to social issues that have importance to them (Roth & Barton, 2004). Thus, more
than learning science concepts, conventions, and definitions in school (Roth & Barton,
2004, pp. 8; Feynman, 1999, pp. 4, 177) - which mean nothing, since they are just words (Feynman, 1999, pp. 178-182), students should learn collective knowledge and be prepared
to collaborative learning, hands-on activities, discussions, negotiated power (Roth &
Barton, 2004, pp. 77), and critical think in society (Roth & Barton, 2004, pp. 93). Students
will be motivated, because it enables them to learn in innovative and meaningful ways
(Roth & Barton, 2004, pp. 115; Benenson, 2001). This learning based on everyday
experiences requires citizen science; informed citizens "in service of a truly democratic
and equitable society" (Roth & Barton, 2004, pp. 15). This participatory notion of science
literacy has been called community and citizenship-based science literacy (Roth & Barton,
2004; Roth & Lee, 2004). Thus, for Roth and Barton, there are different types of scientific
literacy, but the most important type is called "authentic literacy", which is ambiguous and
socially constructed (Roth & Barton, 2004).
James Barufaldi defends a new model to understand scientific awareness: the ASK
model. This multidimensional model relates Attitudes, Skills, and Knowledge. The lower
level of scientific literacy is just Knowledge: content knowledge, like facts, vocabulary,
concepts, theories, beliefs, assumptions, and technical knowledge. Skills allows a person to
be able to apply the scientific method, the process of science, by investigating science and
scientific claims, by problem-solving, by collecting and analyzing data, by doing
experiments, and by creatively bring new hypothesis; they are related to the intellectual
skills and manipulative skills (Feynman, 1999, pp. 177). The Attitudes refer to the habits
of mind of a person (Feynman, 1999, pp. 226), the person's behaviors, which come from
understanding the nature of science as a tentative ongoing process within the human
endeavor; they concern to the thinking process, the ability to reason, creativity, motivation,
and communication skills. The ASK educational model defines competency as "the ability
of an individual to select and use the knowledge, skills, and attitudes that are necessary for
effective behavior in a specific professional, social or learning situation" (Vinke et al.,
2008, pp. 7). The acronym ASK is essentially a reminder that we should keep doubting
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(Feynman, 1999, pp. 7), being skeptical, and asking questions. As Einstein said: "The
important thing is to not stop questioning" (Miller, 1955). In the same way of science, the
ASK model is embedded in society; the three aspects of scientific literacy (attitudes, skills,
and knowledge) are embedded in different aspects of society, like political, economical,
and social issues, drawing from and also affecting them. The global aspect of this
constitutes the society that we live in. This holistic model can be applied to different
scientific areas of professional life (Bakarman, 2003). This model shows how science
should be taught in classes, in an integrated way, that includes several aspects of life, with
motivated students (Nottingham, 2009). When a person reaches this integrated level, then
that person has truly scientific literacy, scientific awareness.

Figure 2.11 - ASK model embedded in society.
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Morris Shamos (1995) is one of the most important authors in the field of Scientific
Literacy (Trefil, 1996). In his book (Shamos, 1995), Shamos started by discussing the three
major historical periods for science curriculum reform in the United States: (a) in the first
one, philosophers of science education, like John Dewey, had the goal that every educated
person would achieve a "scientific state of mind", with independent thinking and scientific
reasoning for the citizen-scientists; (b) in the Sputnik era, the primary goal of science
education was to produce scientists (including engineers), based on technological needs,
leaving the average citizen behind; (c) from the 1980's onwards, several programs had
been put to increase the scientific literacy of the general population, but "with no unifying
theme and no discernible results" (Trefil, 1996). Shamos is essentially pessimistic, due to
the failure of science education in having a lasting effect on students' scientific literacy
(Trefil, 1996). So, he proposes a new definition of scientific literacy, based on three
different types of scientific literacy, each of which would require a different kind of
education and different kinds of testing to verify outcomes (Trefil, 1996). The three forms
of scientific literacy "build upon one another in degree of sophistication as well as in the
chronological development of the science-orientated mind" (Shamos, 1995, pp. 87). The
first, Cultural Scientific Literacy, based on Hirsch's ideas (Hirsch, 1987), is essentially
about what we normally call the traditional science content, knowing/recognizing science
terms, definitions (Feynman, 1999, pp. 4), conventions (Feynman, 1999, pp. 177), and
vocabulary (Holbrook & Rannikmae, 2009), which Shamos (1995) believes is done
through memorization, although Trefil (1996) disagrees; this corresponds to a low form of
literacy (Stewart, 2004; Laugksch, 2000), held by the majority of adults (Stewart, 2004),
who think they are literate simply because they recognize (although not understand) the
scientific jargon in the media (Stewart, 2004, Shamos, 1995). The next type is Functional
Scientific Literacy, associated with Jon Miller's "civic scientific literacy" (Miller, 2002),
meaning that the person can function in society, and essentially assumes that the person
already has the "scientific lexicon" (Shamos, 1995, pp. 88), has an understanding on how
to use, program, and even repair, small daily-life technologies, and acquired the ability to
use the process of science outside the classroom, in everyday life, especially when using
critical thinking to evaluate science news and arguments in the media (for instances, when
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there are news about new sources of energy, or greenhouse effect, or climate change).
Thus, a functionally scientifically literate individual would be able to read and comprehend
a science-based newspaper article, provide a context, and would also be able to
communicate the substance of that account to a third party. This form of literacy is more
active, whereas the previous was passive. Only about 28% of Americans attained this level
of literacy (Miller, 1987). The last type, True Scientific Literacy, relates to Dewey's
"scientific state of mind" and to Trefil's "scientific competency", and assumes a deep
understanding of the concepts and processes of science, an ability to do science at some
level, reliance on evidence, an ability to do some mathematics, and being able to apply
scientific thinking in everyday life. "This individual also appreciates the elements of
scientific investigation, the importance of proper questioning, of analytical and deductive
reasoning, of logical thought processes, and of reliance upon objective evidence" (Shamos,
1995, pp. 89). Although it seems a very general definition, most educators think that only a
few people have true scientific literacy (Shamos, 1995), corresponding to about 4% of the
population; in other words, only scientists (including

engineers) have true scientific

literacy (Stewart, 2004), which in fact is not true, since professional scientists are often
scientifically illiterate about a science discipline that is not their own (Hazen, 2002;
Gardner, 1972). In the end, Shamos argues in favor of a program in order to increase the
scientific literacy of the population. His program, called Scientific Awareness, intends to
enable citizens to make informed decisions and effectively participate in the real world
(Liu, 2009). It relates science and society, promoting an appreciation for science, showing
science as a cultural activity, demonstrating the ongoing, human and subjective nature of
science (Olson et al., 2008), explaining how science relates to daily social life, promoting
competent consumers of science, making science meaningful to people, showing the
multidisciplinary aspect of science, enhancing critical thinking in daily life, and illustrating
the value of being able to gain knowledge by asking the experts in the specific subject
(Liu, 2009); thus, a curriculum light on science content or math, but heavy on the STS
(Science, Technology, Society) movement, which basically means not teaching science per
se, but how to think about science, realize what science is about and how it evolves, the
philosophy of science and critical thinking (Trefil, 1996). For Shamos (1995), non-science
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majors will not become scientists, but they need to have some non-technical scientific
content knowledge, and, above all, they need to understand the nature of science in order to
be able to use the concepts of science as they show up in everyday life. Actually, this is
similar to the notion of functional scientific literacy (Shamos, 1995). Trefil agrees that the
goal of science education should be scientific, critical thinking, which means that college
students should be able to perfectly understand, analyze, and rationally criticize the news
in the media, but Trefil disagrees with Shamos in the fact that Trefil thinks that students
should learn more science content in order to be able to do that (Trefil & Hazen, 2003;
Trefil, 1996). Overall, Shamos claims that scientific literacy for all is a myth (Shamos,
1995), although an increase of the level of science literacy in the population is possible
with better teachers, better classes, and better communicators (Shamos, 1995).
Paulo Freire (1970) was a Brazilian educator who attacked the "banking" concept of
education, in which the student is viewed as an empty account to be filled by the teacher similar to the notion that schools are factories; this traditional education promotes
domination, conformity, subordination, and normalization (Freire, 1970). Freire defended
critical pedagogy, where students are active learners, constantly questioning, and
challenging the status quo, the "facts", the beliefs (Magueijo, 2003, pp. 7; Freire, 1989;
Freire, 1970). In an ever-changing world, we need a different, modern education - an
education for the 21st century (Shaw, 2010; 21st Century Schools, 2010; Schlechty, 1991),
where classes are interdisciplinary, students work in collaboration, imagination is
promoted, critical thinking is the key, and students affect the world they live in. Freire, like
the ancient Greeks, argued for a critical consciousness (Freire, 1974), an in-depth
understanding of the world based on critical thinking about humanity, society, and the
world, where individuals take action against what is wrong, creating a truly democratic
society. Freire, like Dewey, saw education as a mechanism for social change (Freire,
1976). In classes, students should learn critical thinking and how to constantly question
(Freire, 1989). Questioning is at the basis of science, not "vomiting" facts. Labels,
definitions, vocabulary mean nothing (Feynman, 1999, pp. 5), while thinking critically is
the power of science and the most important characteristic for the advancement of society.
He also thought that students should learn how to think critically in problems and
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experiences that have meaning to them (Roth & Barton, 2004; Benenson, 2001), in the
social context they are embedded. Students shouldn't just learn in classes, but should
contribute positively to society (Hurd, 1998), by applying their knowledge and critical
thinking, to social issues that have importance to them (Roth & Barton, 2004); that's how
students show competence and that's also how they are empowered. Students should also
learn at their own pace, and exercise personal responsibility for their actions. And they
should recognize who the experts are, in different fields, and thus students should
understand that the most intelligent strategy should be to listen to experts (for instances,
medical doctors, if the problem is medical), even if, in the end, they should exercise an
independent mind. Classes should promote critical thinking, evaluation of claims,
reflection, self-reflection, and independent thinking. Since it uses critical thinking and
evaluation of information within the society, including in the media (Hurd, 1998),
promoting a better democracy, it looks somehow similar to Miller's "civic scientific
literacy" and to Shamos' "functional scientific literacy". In terms of relationships inside
classrooms, Freire acknowledged that the teacher had an authority that came from his/her
deeper knowledge on the subject being studied, but the teacher should not be authoritarian;
in fact, Freire believed that there should be no dichotomy between teacher and students,
since teachers should also learn and students should also teach (Freire, 1970, pp. 72), both
learn, both question, both reflect and both participate in meaning-making. Society should
be seen as one, within schools and overall. Education should be multidisciplinary and
bringing departments together. Thus, Freire defended a liberal education. Freire (1970),
like Roth and Barton (2004), defend that scientific literacy is socially constructed and
subject to power structures. Thus, they defend a participatory notion of science literacy
(Freire, 2001). Informed citizens knowledgeable about the world, through learning based
on everyday experiences that have meaning to them, have a citizen-based science literacy
(Roth & Barton, 2004; Roth & Lee, 2004), which does not conform to power structures
(like political and religious) that intend to control the population. Informed citizens should
also be able to distinguish pseudo-science from science, and they should not blame society
for what is wrong, even creating an entity that controls everything (like the Government);
instead of "playing victims", a literate conscience should act, should make conscious
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choices, should transform the world, should affect positively the world around it, should
change the views through participation - thus, there is participation and agency -, should
promote a generative view through creativity and critical thinking. We also see these ideas
in "popular culture". President Obama in his Commencement Address at Arizona State
University said that people (students) should: show initiative, question dogmas, challenge
conventional wisdom (Magueijo, 2003, pp. 7), do what's meaningful to them and to
society, make a difference, and change the world! In his own words: "I'm talking about an
approach to life -- a quality of mind and quality of heart; a willingness to follow your
passions, regardless of whether they lead to fortune and fame; a willingness to question
conventional wisdom and rethink old dogmas; a lack of regard for all the traditional
markers of status and prestige -- and a commitment instead to doing what's meaningful to
you, what helps others, what makes a difference in this world" (Obama, 2009a, pp. 3).
There is a hope to make schools and the world a better place to learn and live (Rethinking
schools, 2010; Freire, 1992). About a month later, addressing a college graduation in
Moscow, President Obama again communicated some of Freire's ideas, by stating that the
world is more complex and less rational than what is on paper, and that the future is in the
hands of people, especially the people with education. In his own words: "The future
belongs to young people with an education and the imagination to create. That is the
source of power in this century. And it is all in your hands" (Obama, 2009b). In his
Inaugural Address, John F. Kennedy (1961) also challenged people to be the change, to act
in our society: "Ask not what your country can do for you; ask what you can do for your
country" (Kennedy, 1961). His brother, Robert F. Kennedy, often quoted George Bernard
Shaw by stating: "There are those that look at things the way they are, and ask why? I
dream of things that never were, and ask why not?" (Wikiquote, 2010); which again pushes
the idea that people should challenge the status quo, should question their views, should
"think outside of the box" and act. Still within popular culture, we have, for instance,
Michael Jackson's song Man in the Mirror, which also recommends change, and start the
change by oneself - challenge everything, including by challenging ourselves, our own
beliefs, our own ideas, our own views of our world (AZ Lyrics, 1988). Even an MTV
program, on TV, teaches that: the inspirational program If You Really Knew Me shows a
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Challenge Day, that teaches change, challenging the status quo, challenging the
conventional wisdom, and keep challenging from that point on (Challenge Day, 2010). The
idea behind it is that we should stand up for ourselves, "be yourself", and act to make the
world a better place. And even books and movies promote this type of mentality. In
Contact, by Carl Sagan, Ellie Arroway states: "The world is what we make of it" (Sagan,
1985). In K-PAX, by Gene Brewer, prot challenges conventional wisdom, promotes
changes in the way people see the world, and affects the others positively (Brewer, 1995).
In Star Wars, by George Lucas, Luke Skywalker stands up for himself and for others,
challenges his view of his world and his society, and acts in order to change the universe
that he lives in (IMDB, 1997). It's a revolutionary teen mentality that wants to change the
world, challenge the status quo, transform the world. In India, they did an Ad Campaign
for a new anthem (Lead India Terra), which basically tells people to get out of their
comfort zone, take an attitude, be the front-runner, and act to change society in a positive
way (Chamikutty, 2008). It's exactly like Mahatma Gandhi said: "Be the change you want
to see in the world" (B'Hahn, 2001, pp. 6). We should challenge conventional wisdom
(Magueijo, 2003, pp. 7; Feynman, 1999, pp. 186, 187), and we should be the change. To
do this, we need to exercise a lot of critical thinking, self-reflection, independent thinking,
challenging status quo, participation, and agency - exactly what Freire defends.

Figure 2.12 - We Must Be The Change (Cassinelli, 2009)
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This looks like an excellent philosophy. However, there are some criticisms: if the
students agree with the main idea of that society, with the status quo, if they don't consider
it unjust, then they shouldn't change it; the idea that everything is controlled, everything
should be questioned, everything should be challenged, leads to many conspiracy theories,
and schools shouldn't be creating conspiracy loons with a vivid imagination and no
evidences; extreme criticism may turn into extreme activism, which may turn into
fundamentalism about change and violence; the fact that teachers and students are both
teachers and learners, with independent thinking being intensified, may suggest that
teachers do not know more than students within a specific subject being taught; teaching
the students to change the world and the status quo, no matter what, may transmit the
message that all changes are good and all ideas are equal, leaving no space for wrong
ideas, wrong conclusions, and no objective evaluation whatsoever (including in
mathematics); students may be comfortable in being in opposition to domination, to the
status quo, to fight for the disenfranchised (Freire, 1970), but then they have no tools to
lead - when they don't have a powerful entity to be in opposition to, their life will lose
meaning, unless they continue to "pick fights" with higher powers, never being completely
happy with the life they have; rather than "liberating" student thought, teachers replace a
cultural bias with their own revolutionary bias. Some of these criticisms may go away, if
the teaching is student-centered, independent thinking is promoted within some evidencebased objective boundaries, the students are allowed to evaluate the status quo (instead of
telling them that the status quo is wrong), objective evaluations are endorsed, and critical
thinking (which has a general humanizing effect) based on reason (Siegel, 1988) is
encouraged.
Michael Scriven defends that "training in critical thinking should be the primary task of
education" (Scriven, 1985, pp. 11). And it looks like liberal education has this goal, by
having a general knowledge curriculum based on a multidisciplinary approach, multiple
perspectives (National Panel Report, 2002, pp. 23), that intends "to expand students'
horizons while nourishing their mind" (National Panel Report, 2002, pp. 10) and to
develop the student's rational thought and intellectual capabilities (Wikipedia, 2010a). "By
developing their capacities to reason and critically evaluate, a liberal education readies
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them to decide important questions. By fostering a sense of social responsibility, it builds
capacities to reach decisions that are wise and just" (National Panel Report, 2002, pp. 27).
Liberal education is an educational philosophy (National Panel Report, 2002, pp. 25) that
prepares students to be socially responsible, to be able to work in collaboration (Hurd,
1998), to comprehend different perspectives, to be informed, to be empowered, to evaluate
information (National Panel Report, 2002, pp. 44), to think outside the box, to be
intellectually flexible (National Panel Report, 2002, pp. 24), to be global thinkers, to
increase self-awareness, to develop specific competencies, and to adapt to an everchanging world (National Panel Report, 2002, pp. 25). Adaptation to a changing
environment is the single most important characteristic for successful survival, as Darwin
would argue and Jared Diamond too (Diamond, 1997). Thus, critical thinking plays an
essential role in liberal education (Facione, 2010, pp. 20), where one learns to learn, to
think for yourself, on your own and in collaboration with others, leading to principled
reflective judgment (Facione, 2010, pp. 19). Evaluating claims, recognizing assumptions,
being open-minded to new perspectives, and thinking independently, are part of the liberal
education (Blaich et al., 2004). Connor & Ching (2010) state that theoretically "many
institutions no longer settle for "exposing" their students to certain content areas and
developing mastery of a specific field. Rather, the focus has moved to the development of
cognitive and personal capacities like analytical reasoning, critical thinking, effective
written and oral expression, understanding of cultural differences, and civic engagement".
Although, in practice, more than 75% of professors do not engage students in learning
neither encourage their students to develop such habits of mind (Connor & Ching, 2010).
David T. Kearns, former Xerox CEO, stated: "In such a world there is only one constant:
change. And the only education that prepares us for change is a liberal education. In
periods of change, narrow specialization condemns us to inflexibility - precisely what we
do not need. We need the flexible intellectual tools to be problem solvers, to be able to
continue learning over time... It is not simply what you know that counts, but the ability to
use what you know. In this way knowledge is power - the ability to use specialized
knowledge as you adapt to new requirements" (National Panel Report, 2002, pp. 28;
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Doyle, 2000). The purpose is to understand and to prepare students to the real world,
outside the classroom (National Panel Report, 2002, pp. 44).

2.4 DISCUSSION
The evidence shows that there is no single definition of scientific literacy. However,
we can take four conclusions, based on the similarities between all the perspectives: (1)
liberal education intends to improve the scientific literacy of students through critical
thinking; (2) most authors agree on several characteristics that may define scientific
literacy; (3) most scientific literacy deals with critical thinking; (4) scientific literacy is
multidimensional, with several levels.
In fact, it's possible to recognize a general approach to science literacy in the literature
reviewed. We may be able to apply the unwritten scientific rule of simplicity to this
subject. In general, scientific literacy is assumed to have multidimensional levels:
1) Content Knowledge: this lower level includes knowing some basic scientific
terms, concepts, and definitions (Feynman, 1999, pp. 186), related to the traditional
content knowledge in one of the sciences, through memorization especially in
schools. This is usually called "vomiting facts". This is Bybee's Nominal Literacy
(Bybee, 1997), Barufaldi's Knowledge (in the ASK model), and Shamos' Cultural
Scientific Literacy (Shamos, 1995). Although this is the lowest form of scientific
literacy, some people don't even achieve this level.
2) Critical Thinking: this medium level is necessary to be able to effectively
function in our scientific society - this is the level that everybody should be able to
achieve. Critical Thinking is the glory of scientific literacy (Asimov, 1991, pp. 16).
Critical thinking, also known as disciplined thinking, scientific thinking, deep
thinking, argumentative thinking, and evaluating thinking, is the ability to think
critically, which deals with how one approaches the issues. Besides knowing basic
scientific content knowledge, it also includes the gathering of relevant information,
making observations, asking questions, recognizing problems, generating plausible
hypothesis, discussing alternative points of view, considering all possibilities, being
open to new ideas, applying a flexible, tolerant and creative mind, relying on
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reason, detecting inconsistencies, promoting logic, accumulating knowledge,
analyzing all evidences, evaluating the information, distinguishing between facts
and opinions, identifying assumptions, making assertions based on sound logic and
solid well-supported evidence, performing experiments, testing the ideas,
predicting new results based on logic and reason, etc (Feynman, 1999, pp. 185). In
fact, evaluating information, evidences, claims, and arguments, is a key
characteristic of critical thinking, which makes it evaluating thinking; one should
be able to critically analyze, which means understand and evaluate, statements in
the media, articles in newspapers, televisions programs, pseudo-science claims,
faulty reasoning, fear-based arguments, etc; one should judge the credibility of the
sources, the credibility of the information, and the credibility of the arguments.
Critical thinking also uses informed reason to examine assumptions, reduce bias,
evaluate beliefs, etc, in order to not fall into delusions, deceptions, fallacies, lies,
extremism, irrationality, superstitions, personal bias, beliefs, prejudices, egocentric
thinking, etc; one should not be gullible, uninformed, unreflective, and tolerant to
beliefs and opinions which are against the facts. In case of doubt, and since not one
person can be an expert in everything (Feynman, 1999, pp. 201), then a
characteristic of critical thinking is being able to identify, recognize, and rely on
experts for subjects that one doesn't know everything (Liu, 2009). Critical thinking
also includes reflection, self-reflection and self-awareness, where people evaluate
their own thinking, and challenge their own assumptions, beliefs, and thinking. All
this allow us to make better and informed personal, economic, scientific, social,
and political decisions; that's the purpose of critical thinking. In fact, we use critical
thinking in our daily experiences, although we don't even realize it. Truthfully,
critical thinking is a domain-general thinking skill (not restricted to a particular
subject area), and thus it can be learned in one area in order to transfer to other
areas. Obviously, a person will not show critical thinking all the time, and critical
thinking is a matter of degree, but the basis must be there, and the rest, the
development of more advanced critical thinking skills and dispositions, is a lifelong endeavor. This is related to PISA's Scientific Processes (OECD, 2006), Shen's
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Civic Knowledge (Shen, 1975), Miller's Civic Scientific Literacy (Miller, 2002),
Bybee's Functional, Conceptual, and Procedural Literacy (Bybee, 1997),
Barufaldi's Intellectual and Manipulative Skills, Shamos' Functional Scientific
Literacy (Shamos, 1995), and especially to Shamos' Scientific Awareness (Shamos,
1995). This level is also important to teach in schools, since it provides motivation
to students, especially when it's related to situations that have meaning to them
(Roth & Barton, 2004; Benenson, 2001) in the social context they are embedded students are empowered when they apply their knowledge and critical thinking to
social issues that have importance to them (Roth & Barton, 2004). When this is
applied to the world, outside the walls of schools, it's called citizenship-based
science literacy (Roth & Barton, 2004). In a rapidly changing complex world, it's
crucial that one values and cultivates critical thinking, cultivates habits of mind, or
else the democratic process and society as a whole will collapse. It's a social
responsibility, since citizens are required to think critically about social issues in
everyday life. Society needs to have an informed educated non-science majors
citizenry. If you're not scientifically literate, you are in a sense disenfranchising
yourself from the democratic process (Feynman, 1999, pp. 252). It's a public good
for today's world and to be able to adapt to the world of tomorrow about which we
have limited current knowledge or understanding; we learn for today's situations
and for the unknowns of tomorrow. Critical thinking empowers students and people
in general. "Empowerment requires that people gain the knowledge, skills, and
power necessary" to influence their world (Hobbs et al., 2010, pp. 2). This
empowerment allows people not be taken advantage of by others who do
understand the issues. Empowerment leads to better, more informed, decisionmaking. Knowledge is power. Critical thinking is power. Critical thinking
empowers us, enhances us, improves our lives, and it's vital for our success in life.
3) Advanced Thinking: this corresponds to a higher level of scientific literacy, only
achieved by those who excel in scientific matters, but also understand the
multidisciplinary world as a whole. In fact, this is the level that understands the
multidisciplinary perspective as one, which includes not just the content knowledge
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and critical thinking, but also includes different natural sciences, the nature of
science, the social sciences, history, art, religion, several cultures on Earth, and
other human areas. It analyses the interactions among science, technology and
society, connecting science and technology to other human endeavors. It's an
holistic body of information which is understood on a global level to respond to
personal and global issues. It's a way of thinking (AAAS, 1989), a global lens to
see the world, based on multidimensional literacy, as defended by Bybee (1997).
It's a Cultural Knowledge and appreciation of science as a major human
achievement and cultural heritage, as defended by Shen (1975). It's also related to
Dewey's scientific state of mind (Reed, 1998) and to Shamos' True Scientific
Literacy (Shamos, 1995). This multidisciplinary "state of mind" also includes
Trefil's "scientific competency" (Trefil, 1996), but especially the attitudes towards
science. This refers to Barufaldi's Attitudes (in the ASK model), which are the
habits of mind of a person, the person's behaviors, which come from understanding
the nature of science as a tentative ongoing process within the human endeavor.
People shouldn't just learn and understand the world, but people should also affect,
challenge, and change the world. People should challenge the status quo, should
question their views, should "think outside of the box", should challenge
conventional wisdom, and especially should act in order to change the world.
Instead of "playing victims" or complain, a literate conscience should act, should
make conscious choices, should transform the world, should affect positively the
world around it, should promote a generative view, should change the views
through participation - thus, there is participation and agency, as Freire (2001)
defended with his Critical Consciousness. These persons are global thinkers who
are activists - they have a participatory notion of science literacy (Freire, 2001).
Thus, they apply their knowledge and critical thinking to everyday situations, to
real-life situations, to social issues that have importance to them (Roth & Barton,
2004). This should be learned in schools: students should be active learners, there
should exist an active student participation - that's how students show competence
and that's how students are empowered, when they apply their knowledge and
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meaning/importance to them (Roth & Barton, 2004), which are related to realworld experiences (Benenson, 2001). Throughout history, we have record of a few
persons that achieved the highest level of scientific literacy, which means that they
had scientific content knowledge, they showed critical thinking, they also had a
multidisciplinary approach to life and knowledge, and finally they also affected
enormously the world they lived in through participation and agency. In my
opinion, these are what we call Renaissance Men (Wikipedia, 2011a) or Polymaths
(Wikipedia, 2011b). Some examples of the few persons that achieved this higher
level are: Aristotle, Pythagoras, Aristarchus of Samos, Isaac Newton, Albert
Einstein, Carl Sagan, Neil deGrasse Tyson, Richard Feynman, Leonardo da Vinci,
and several others (Wikipedia, 2011a). This is the level that I intend to pursue and
achieve.
These three levels are in a continuous progression. They do not have clear
delimitations, they overlap, and they change gradually, not in a analogical, particle, way,
but in a digital, wave, manner. They build upon one another. As one gains more science
literacy, one slowly and gradually evolves towards increasing levels of scientific literacy.

2.4 COMPETENT THINKING
There are a plethora of definitions for scientific literacy, with no practical
consequences (Smith & Tanner, 2010; Scanlan, 2006; Wright, 2005; Halpern, 1998; Reed,
1998; Paul et al., 1997; Goodlad & Keating, 1994; Kuhn, 1992; Capps & Vocke, 1991;
National Education Goals Panel, 1991; Perkins et al., 1991; Kublin, 1990; Perkins, 1989;
Keeley & Browne, 1986; Perkins, 1985; Goodlad, 1984; Toothacker, 1983), because the
definitions do not seem to be agreed upon by most of the researchers. The
multidimensional solution seems to be the one more consensual, although there are many
differences in regard to the exact dimensions that it should have.
To solve this quandary, a new notion is proposed: Competent Thinking.
Competent thinking can be related to Miller's Civic Scientific Literacy (Miller, 2002),
Shamos' Functional Scientific Literacy (Shamos, 1995), and Shamos' Scientific Awareness

144

(Shamos, 1995), but it goes beyond these concepts. In fact, competent thinking includes
notions from the three dimensions aforementioned and therefore competent thinking goes
beyond the limitations imposed by thinking on different levels.
To have competent thinking, one needs to have basic content knowledge. One cannot
discuss subjects without having a basic understanding of those subjects. It's not about
memorizing facts, as it's common in schools, but it's about having a minimum knowledge
of the subject being discussed. For example, one should not participate in a discussion
about agriculture thinking that potatoes grow on trees. One should not participate in a
discussion on the subject of medicine thinking that the blood is green. Lacking basic
content knowledge leads to falling into delusions, deception, fallacies, and lies. For
example, in 2011, it was reported in the news that comet Elenin was a black hole. Millions
of people believed the reported news because they lacked basic content knowledge of
astronomy. One never knows which issue will need our attention, so one needs basic
knowledge in a range of multidisciplinary issues. Thus, as the astrobiology course
recognizes, to have competent thinking one needs to have basic multidisciplinary content
knowledge.
Thus, the degree to which competent thinking is possible depends on the subject
matter, since in order to evaluate claims, one needs a basic content knowledge of that
subject - with more knowledge comes more competence in thinking. The level of
confidence in competent thinking is higher when the content knowledge of that particular
subject is higher. So, there are different levels of competent thinking in different subjects.
To have competent thinking, one also needs to have critical thinking. However, critical
thinking has a negative baggage, since it is not carried out in reality as it is defined
theoretically. Critical thinking is popularly abused in order to criticize everything, whether
it's correct or wrong. The meaning of competent thinking differs from critical thinking in
the sense that it's not just about criticizing, it's not about doubting everything just for the
sake of doubting (examples: the Moon landings, the Heliocentric view of the Solar System,
the Round Earth, etc), it's not about arguing just for the sake of arguing (example: politics,
where congress and parliaments around the world continue arguing based on ideologies,
instead of deciding by the best evidence), it's not about question everything just for the
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sake of questioning, it's not an argumentative position by default. Critical thinking
popularly assumes an argumentative position of criticizing everything. Competent thinking
is about having the evidences above any ideology (including the ideology of criticizing just
because). It's about having knowledge and looking for the answers based on that
knowledge. If one doesn't have the knowledge necessary, then one needs to recognize the
experts in the field of the issue being debated. To have competent thinking one needs to be
able to evaluate arguments, to distinguish between facts and opinions, to evaluate
evidences, to have consistency in rational argumentation, to consider alternative points of
view, to generate plausible hypothesis, to identify arguments based on fallacies, etc, and to
apply that knowledge to real-life situations, for instance, to analyze news in the Media, to
assess the sensationalism in the Media, to understand that opinions in entertainment
programs are different from information, to evaluate internet news claims, to assess articles
in newspapers, etc. All this should be based on the observations of nature, on what the
Universe tells us it's the truth. If one asks nature for the answer, then competent thinking is
being done. The Universe is above our arguments.
Competent thinking also includes an understanding of the nature of science, to
understand science as a complex, tentative, ongoing, cumulative, open-ended
indeterministic process that is constantly evolving, to understand the process of science as
a social endeavor, a human process, but with objective results that can be evaluated by
everybody. Following Lakato's views on the nature of science: there is a hard core of
theories and science progresses by the refinement or rejection of the protective belt of
auxiliary hypothesis to accommodate the anomalies; there are creative leaps, but mostly
science is cumulative (Hurd, 1998), with a new theory explaining the same as the old
theory, plus explaining more phenomena, and especially making better predictions. One
tends to see science as always changing, depending on the opinions of scientists, because
this is the bias view that we get from news media, but the truth is that's only correct about
the cutting-edge science, the human, subjective science at the periphery of knowledge. All
the scientific knowledge around us (from gravity to airplanes to modern medicine) is part
of the core of science, and this knowledge is as much objective as it can be, does not
change, and does not depend on opinions but it's as close to fact as anything can be. This
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core knowledge is correct, is not doubted, does not change, and is used and proved by us
thousands of times daily. This is why we take this knowledge for granted everyday.
To have competent thinking, one also needs to have advanced thinking. One needs to
recognize the benefits of science and appreciate science as a major human achievement in
the world. One also needs to think outside the box. And above all, one needs to reflect,
mainly have self-reflection, challenging our own thinking and beliefs, challenging our own
ideas and our own views of our world. Self-reflection should be taught in science classes
(Lasry et al., 2009), especially science classes for non-science majors (Lasry et al., 2009),
since it is a characteristic that allows transference between domains (Lasry et al., 2009;
Bransford et al., 1999). Competent thinking is a way of thinking that understands and tries
to overcome the limitation of everything being about ourselves (egocentric thinking).
By having competent thinking one is able to participate in the world, make better
decisions, and promote a more efficient democracy. Society needs to have an informed
educated non-science major's citizenry. One is empowered to have a participatory notion of
science literacy. This empowerment allows people not be taken advantage of.
Empowerment leads to better, more informed, decision-making. In fact, we use competent
thinking in our daily experiences, although we don't even realize it. We practice a
citizenship-based science literacy (Roth & Barton, 2004). We make thousands of
predictions everyday based on competent thinking, and the results have a rate of success in
the order of 100% (ex: gravity, car, computer, etc). The problems start when we ignore
competent thinking and fall into delusions, ideologies, lies, and deceptions. Competent
thinking is extremely important for today and especially for the rapidly changing unknown
world of tomorrow (Scanlan, 2006). Knowledge is power. Competent thinking is power.
Competent thinking is vital for our success in life.
Thus, besides the astrobiology course, and independently of it, another contribution
that I intend to provide science education is the notion of competent thinking.
Nevertheless, the astrobiology course has the goal of increasing the competent thinking
of the students. The course includes basic scientific content knowledge drawn from
different natural sciences, social sciences, and other human areas, making the course
highly multidisciplinary. The course also includes critical thinking because students need
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to evaluate information, distinguish between facts and opinions, discuss alternative points
of view, etc. To develop critical thinking skills is very important (Scriven, 1985). Students
also learn concepts about the nature of science. Additionally, the course includes advanced
thinking, since students reflect on their own thought processes and thus practice selfreflection. Students should feel empowered by competent thinking, and hopeful that will
help them for their life in the future.
It is anticipated that the astrobiology course will serve as a stimulus to transfer the
competent thinking skills to other areas of the life of students. Similar to critical thinking,
competent thinking is a domain-general thinking skill (not restricted to a particular subject
area) (Lau & Chan, 2004), and thus it can be learned in one area (Reed, 1998; Carr, 1988)
in order to transfer to other areas (Lombard & Grosser, 2004) - it allows transference
between domains (Bransford et al., 1999). The teaching of competent thinking has the goal
of increasing the scientific literacy of students, equipping them for their everyday life
outside the classroom (National Panel Report, 2002, pp. 44), expecting that the learned
competent thinking skills are transferred to other domains not mentioned in the course
(Hedberg, 2002; Bransford et al., 1999; Halpern, 1998; Reed, 1998; Paul et al., 1997). This
is the dreamed goal of every educator (Lasry et al., 2009; Bransford et al., 1999; Bransford
& Schwartz, 1999).
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CHAPTER 3: DEVELOPMENT OF AN ASTROBIOLOGY COURSE

3.1 PERSONAL FRAMEWORK
Due to my background, with a degree in astronomy, science communication, and
science fiction, I obviously tended to include these subjects in a course. Moreover, my
personal interest for the subject of extraterrestrial life also made it seem the logical subject
to choose. Therefore, besides the inherent advantages of these subjects, my personal
knowledge also made them the ideal themes to pick up. In terms of teaching experience, I
had already taught in Portugal and in the United Kingdom, although in subjects different
from astrobiology. In the United Kingdom I had already taken astrobiology classes. In
Baltimore, I had worked as a planetarium host for a astrobiology show. And in the
University of Texas at Austin, I worked for two years as a teacher assistant in an "search
for life in the universe" course. Naturally, astrobiology education became my passion.
Additionally to being my interest, my research for the subject of extraterrestrial life also
made it seem the logical subject to choose. I started going to conferences, to frequently
talking to different professors of this subject, to discuss research studies on this subject
with investigators, to read a lot about astrobiology, to communicate astrobiology news, etc.
Naturally, my research led eventually to a lot of content for a course.
With this personal background in mind, an original course was designed at The
University of Texas at Austin. The course received the code SCI 360, and it was called
Earth and Space Science. Since the intended goal of the course is to fix the problem of
scientific literacy of the population of tomorrow, by addressing it today in college, the
course is offered predominantly to non-science major students, because they comprise the
majority of the population.
In nature, there is oneness; in life, everything is interconnected, in an all-inclusive
ecosystem; in science, the same characteristic is seen, since the scientific rational thinking
is the same everywhere (in any science and in everyday life); thus, education should reflect
life, the world, and science. Therefore, instead of "island-sciences" (Cotrim, 2010, pp. 9),
the SCI 360 course reflects this oneness, by bringing different aspects together, in
otherwise independent sections and disciplines. It's a symbiogenesis that unifies otherwise
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independent entities, in a holistic way, leading to a synergy with the whole emerging as
greater than the sum of its parts.
To understand the world, people need to understand science. However, human nature
does not start and end in science – human nature is a complex web of different subjects,
preferences, expertises, and so on. Thus, the education of science needs to include all these
different aspects; it needs to be inclusive, and thus it needs to be multidisciplinary.
Therefore, the SCI 360 course includes science content from natural sciences, like
astronomy, biology, physics, geology, and chemistry, and also includes social sciences,
like sociology and psychology, as well as artistic examples and religious knowledge. C. P.
Snow wrote the Two Cultures in 1959 (Snow, 1959), where he realized that the gulf
between the two cultures was not merely an obstacle to scientific progress but even
represented a threat to the survival of western civilization (Balamuth, 1997). Currently, we
know that it's vital for our culture (Whelan, 2009) that practitioners in different areas build
bridges, to further the progress of human knowledge and to benefit society (Krauss, 2009).
Thus, education, especially science education should have an interdisciplinary,
multidisciplinary approach - relating science to different scientific areas, to diverse social
subjects, and also to current news that are part of the students' lives (Dacey, 2004). Science
education should emphasize how everything is interconnected (Oliveira, 2008). The SCI
360 course brings this multidisciplinary aspect into science education. Besides all this
more formal knowledge, the SCI 360 course also analyzes several pseudoscience claims, it
reflects on several misconceptions intending to overcome them, it examines controversial
issues, it brings motivation to the students, it enhances creativity, it discusses the
advantages of scientific and space exploration leading to an improvement of the students'
attitudes towards science, and, finally, it gives meaning to students by relating to subjects
that they are thinking about and that are seen and discussed in the daily news. The SCI 360
course understands how important is to understand the nature of science to scientific
literacy (NSTA, 2003; NRC, 1996; McComas & Olson, 1998; Matthews, 1994; AAAS,
1989). Science is everywhere in the world (McComas et al., 1998), therefore to understand
how the world works, we need to understand the nature of science (Klemke et al., 1980).
McComas et al. (1998) argue that knowledge of how science works promotes better social
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decision-making (Olson et al., 2008; Driver et al., 1996). If people want to understand the
world and make responsible decisions, they must understand science (Kremer et al., 2008;
Lederman et al., 2002; Kolso, 2001; Hurd, 1998). Morris Shamos (1995) even claims that
understanding the nature of science is the key knowledge that citizens use when assessing
public issues involving science and technology (Olson et al., 2008). Thus, it is very
important that the nature of science is embedded into a science course for non-science
majors (Oliveira & Barufaldi, 2009). The SCI 360 course assumes an implicit idea of what
the nature of science is. It sees science as an ongoing process (ex: through daily news),
tentative, cumulative (Diamond, 1997, pp. 245), social, subjective, a human endeavor
(Lederman et al., 2002), and depending on the interpretations of the data. However, this
scientific thinking, the scientific laws, and the amount of evidence for certain scientific
theories like gravitation and evolution, are emphasized as objective as possible, and the
differences to pseudoscience claims are accentuated. Science is the best way to understand
how the Universe works. Science, and the world, is complex, dynamic, vibrant, and
adaptable; and that's how it should be taught in the classroom. Science is shown to be
everywhere, and it's multidisciplinary (within science fields and social issues). Science is
also socially and culturally embedded (Lederman et al., 2002). Although the focus is the
Western culture, multiculturalism is highlighted, especially in the first section. Learning
based on authority is downplayed, while active learning, creativity (ex: solutions to the
Fermi Paradox), constant questioning, discussions, self-reflections, minds-on activities,
and critical thinking are strongly encouraged. Thus, the SCI 360 course promotes
competent thinking: gathering, interpreting, examining and evaluating the information,
being open-minded to consider and evaluate alternative positions and options, evaluate
evidences and arguments in order to not fall for fallacies or believe in pseudoscience
claims, produce rational arguments in favor of one's position, be creative, question
assumptions, be an independent thinker, be consistent and follow logic, ask experts, and
have self-reflection. Competent thinking is a way of thinking that determines our
worldview, that allows us to make good informed decisions, and that allows the person to
be a contributing citizen in a democratic society (Facione, 2010; Paul, 1995).
Summarizing, in the SCI 360 course, students learn science content knowledge, and they
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are evaluated in that knowledge about scientific concepts during multiple-choice and shortanswer exams inside the classroom; students also learn the nature of science implicitly
throughout the course, especially in the time allocated to discuss current news; students
also learn the multidisciplinary aspect of science throughout the course, not just in each
class where several subjects are included, but especially in the course as a whole where the
Big Picture comes together; students also implicitly learn critical thinking by evaluating
news media statements in class, by evaluating arguments, analyzing, and criticizing
different concepts in homeworks and pseudoscience exercises, by discussing the
relationship between science and society in class and in essays, by evaluating their own
thinking (self-reflection) in homeworks and essays, by challenging their own assumptions
and beliefs in their essays, by improving their attitudes towards science in class discussions
and homeworks, and by developing scientific habits of mind in essays and homeworks, in
order to make better decisions and better arguments in the next pseudoscience exercises
and essays provided to them; finally, during the class project, students learn researching
skills, evaluate arguments, enhance independent thinking, and understand how science
(astrobiology) relates to their own major interest in life, enhancing their capacity to make
better scientific decisions and positively influence their world. Thus, the SCI 360 course
agrees with the ideas of Dacey (2008), Hawking (2009), Hazen (2002), Hobson (2008),
Holbrook & Rannikmae (2009), Hurd (1998), Liu (2009), Norris & Philips (2003), Rychen
& Salganik (2003), Liu (2009), Sagan (1995), Smith & Tanner (2010), Duckworth (2006),
Tyson (2009), Wynne (1991), Shen (1975), Reed (1998), Roth & Barton (2004), Benenson
(2001), Miller (2002), Bybee (1997), Freire (2001), Shamos (1995), Barufaldi, and several
other authors that were mentioned in this work. The purpose is to promote competent
thinking in non-science major students.
The goal is to increase the scientific literacy of students, by equipping the students for
their future real life outside the classroom (National Panel Report, 2002, pp. 44), while for
example listening to science news in the media; and by teaching them science content with
competent thinking in one multidisciplinary domain, hoping that those competent thinking
skills are transferred to the other domains not mentioned in the course (Lasry et al., 2009;
Hedberg, 2002; Bransford et al., 1999; Halpern, 1998; Reed, 1998; Paul et al., 1997). This
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goal can be compared to the theoretically idea of PISA (OECD, 2006), but not its
application; it's tuned with the ideas of Gabel (1976); it follows the multidimensional level
of Bybee (1997); it agrees with the authentic literacy of Roth and Calabrese (2004); it's in
accordance with the Civic Scientific Literacy of Shen (1975); it's in a strong harmony with
the Civic Scientific Literacy of Jon Miller (2002); it strongly includes the ASK model from
James Barufaldi (Vinke et al., 2008); it strongly reflects the Functional Scientific Literacy
and the Scientific Awareness of Morris Shamos (1995); and it strongly embraces the
citizen-based science literacy of Roth and Calabrese (2004), which mirrors the critical
pedagogy, critical consciousness, participatory notion of science literacy, to challenge
conventional wisdom and think outside the box, of Paulo Freire (1974) - which also
reflects the idea of positively change the world, of Ellie Arroway (Sagan, 1985) and
Gandhi (B'Hahn, 2001), and also reflects the main idea of liberal education, which is to
create students able to adapt to an ever-changing world (National Panel Report, 2002, pp.
25), since the only constant in the world is change (National Panel Report, 2002, pp. 28;
Doyle, 2000). The objective is to take advantage of the fact that competent thinking skills
are learnable, like academic subjects (Kim, 1995; Walsh & Paul, 1988; Mander, 1947), to
take advantage of the fact that non-science major students gain more science literacy by
attending more science classes (Hobson, 2008; Miller, 2008), and to show that it's possible
to apply theoretical scientific literacy concepts in a new way, in college classrooms, in
order to effectively increase the scientific literacy of the students.
With this in mind, a course for non-science major college students was designed at The
Center for Science and Mathematics Education at The University of Texas at Austin. The
grabber of the course was astrobiology (Oliveira & Barufaldi, 2009), under the umbrella of
competent thinking (Oliveira & Barufaldi, 2009). Astrobiology is a perfect pick in order to
show the multidisciplinary approach to the nature of science and to critical thinking
(Oliveira, 2008). Astrobiology is an interdisciplinary science, with concepts from natural
sciences like astronomy, biology, chemistry, geology, ecology, and so on, and also from
social sciences like history, sociology, psychology, etc. It's a perfect combination of
sciences, which, when integrated, will not be perceived as "island-sciences" with no
relation among themselves (Wright, 1992; Tyler, 1949). The course assumes several
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characteristics that were already mentioned in this work: we live in a constantly changing
world, where the schools work as factories, leading to poor scientific literacy of the
population, and thus the course concentrate on non-science majors, since they will be the
leaders of tomorrow and comprise the majority of the population and of the college
students. The SCI 360 course is divided in four big sections: history, science, scientific
speculation, and science fiction. These four sections are taught in class, and are part of the
science content knowledge. The SCI 360 course promotes both imagination and
skepticism, through minds-on class activities and discussions about UFOs, pseudoscience
beliefs, religion, science, etc. The interdisciplinary aspect of the course helps sees science
as a whole, while the discussion of daily news helps to see science as an ongoing process,
both helping a better understanding of the nature of science. The homeworks are used for
critical thinking, critical analysis, and self-reflection. The main objective of the SCI 360
course is to provide students with competent thinking skills that they can apply in their
everyday life. The SCI course is an astrobiology course, although the hope is that the
competent thinking skills are transferred to the other domains not mentioned in the course.
Finally, the biggest content message of the course is that "Aliens Are Us", which is a
global critical analysis of the astrobiology field. This message allows for self-reflexion
about our own science, mentality, and society, and promotes thinking outside the box
(thinking outside of "I", of "Us"), by promoting imagination within scientific laws in order
to imagine extraterrestrial life that doesn't reflect human and terrestrial bias. Thus, it makes
sense that the visual structure of the concept map of the course resembles a human figure.
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Figure 3.1 - Concept Map of the Astrobiology Course.
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The SCI course has the ultimate goal of providing students with competent thinking
skills that they can use in their daily life, citizen-based science literacy, and thus enhance
their participatory notion of science literacy. It includes basic science content, nature of
science, social context, differentiates science from other ways of knowing, correctly
evaluates everyday life claims, uses rational arguments, and promotes self-reflection. With
this knowledge, students should be able to make better informed decisions, adapt better to
a constantly changing world, and change (improve) the world. Since we live in a scientific
world, the ultimate objective is to increase the scientific literacy of the students, by
empowering them with science knowledge and competent thinking skills for the unknown
world of tomorrow. The classroom should reflect society, in the sense that it should pay
attention to the multiple dimensions of society: social, political, economic, and scientific.
In other words, the classroom should raise scientific awareness through the ASK model:
Attitudes, Skills, and Knowledge. Thus, we end up with a holistic model that shows how
science should be taught in classes, in an integrated way, that includes several aspects of
life. The Venn diagram translating the wholeness of different subjects embedded in
society, adapted to the big message of the course (human-centric thinking) is this one:

Figure 3.2 - Astrobiology Course within Society.
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3.2 ASTROBIOLOGY EDUCATION

There is no subject within the whole range of knowledge
so universally interesting as that of a Plurality of Worlds.
Brewster

There were two main reasons for choosing to design an astrobiology course. The first
reason is directly related with the designer of the course, which is also the instructor of the
course. The instructor, and writer of this dissertation, is extremely passionate about the
subject of astrobiology. This passion is seen not just in the design of the course, but is
mostly seen during the instruction in classes. Moreover, the formal knowledge of the
instructor also helped in designing the course. He has a degree in Business, where he had
formal classes in marketing, sociology, and psychology, for example, which helped design
the social side of the SCI 360 course. He also has a degree in Astronomy, Science Fiction,
and Science Communication, where he had formal classes about, for example, the media,
journalism, science in general, astronomy, biology, physics, cosmology, science fiction,
and astrobiology, which all helped design the course in terms of science and media-related
issues. Additionally, he was a Teaching Assistant for astrobiology and astronomy classes,
for non-science majors, which helped understand non-science majors (their troubles in
reasoning, their expectations for science classes, etc) in scientific subjects related with
astrobiology and astronomy. The second reason, and the most important reason for
choosing an astrobiology course, is that astrobiology can solve all the issues mentioned
before. If taught appropriately, astrobiology can be an excellent vehicle for teaching the
nature of science, scientific content, and competent thinking skills (Oliveira, 2008). Thus,
Astrobiology can be the key to solve the problem of scientific literacy of the population of
tomorrow, by implementing astrobiology education programs for non-science majors in
college today (Oliveira, 2008).
In the universe, in life, in science, everything is interconnected. Astrobiology mirrors
this oneness, by integrating different aspects together. Astrobiology can show those
interconnections in a way that independent science can't. It's a symbiogenesis that unifies
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otherwise independent entities, in a holistic way, leading to a synergy with the whole being
greater than the sum of its parts. Astrobiology is a multidisciplinary science, that integrates
concepts from natural sciences like astronomy, biology, chemistry, physics, geology,
ecology, environmental issues (leading to a more planetary conscience), and also from
social sciences like history, sociology, psychology, etc. It's a perfect combination of
sciences, that allows non-science major students to have a basic knowledge of many
sciences (science content knowledge), how they relate to one another, how scientific
knowledge is intrinsically multidisciplinary, how can there be an unification of natural and
social sciences, and how science relates to the society where it is embedded. Moreover,
astrobiology is portrayed in artistic productions (examples: paintings, movies, etc), and
astrobiology also makes contributions to art. Science fiction, for example, is a major
characteristic of "popular astrobiology", and it should be recognized as so; including by
analyzing the science fiction works with "the eyes of science". Additionally, astrobiology
also has ties with religion: the history of astrobiology is packed with religious arguments;
the belief system of "alien" sects if very similar with the belief system of religious sects;
and there is a public fascination for the possibility of life in the Universe, which turns into
belief and faith in aliens. Astrobiology can use this inherent belief system, in order to
clearly demonstrate the line separating beliefs from scientific knowledge. Due to the
students' belief system and public fascination for extraterrestrial life (also seen in boxoffice successes), then astrobiology has an inherent motivation by the general population
for this subject. Imagination, and thinking outside the box, are also very important in
astrobiology, since this multidisciplinary science deals a lot with scientific speculation.
Furthermore, astrobiology uses rational thinking to evaluate and reject pseudoscience
claims, it is able to use self-reflection to erase misconceptions, and it constantly examines
controversial issues. Moreover, due in part to being constantly on the news, astrobiology
shows the nature of science as an ongoing, cumulative, dynamic, vibrant, subjective
process (Davies, 1980, pp. 108, 126), made by human discoveries (Oliveira, 2008).
Likewise, astrobiology can improve competent thinking of the students, because since it
doesn't have all the answers (doesn't have the ultimate answer), then it promotes
discussions, persuades open-minds to consider and evaluate alternative positions, challenge

158

students' views and beliefs about extraterrestrials, science, and the world, increases their
imagination, assesses evidences, enhances creativity (example: solutions to the Fermi
Paradox), encourages independent thinking, endorses listening to experts, and develops
self-reflection, which is a vital characteristic in this constantly changing world. Thus, it
develops civic scientific literacy in the students, allowing them to see how science relates
to society, enhancing their capacity to make better decisions and positively influence the
world. Astrobiology also provides meaning to students, since they are going to know more
and discuss answers to mysteries that are constantly on their minds and on the news. In
addition, astrobiology is able to show all the advantages that science brings to the world,
not just in terms of technology but also knowledge from a myriad of subjects. By teaching
this idea of how our lives and our knowledge depends on science, and improves due to
science, then astrobiology will also improve the attitudes of students (leaders of tomorrow)
towards science. All this makes astrobiology the perfect hook with which to attract people
to study science, the nature of science, and the interdisciplinary aspect of science (Oliveira,
2008). Astrobiology education can be the solution to scientific literacy!
Following in the steps of Carl Sagan and others, the teaching and communication of
science needs to relate more with the general population; it needs to be engaging, to have
an inherent motivation, and to be multidisciplinary (Oliveira, 2008). Astrobiology
education can be the answer to all this!
Astrobiology seems to be the perfect educational solution for the educational problems
in schools and the scientific illiteracy in the population.
Despite being perfect to accomplish all the previous goals, including a higher scientific
literacy, the fact is that astrobiology education was not being taught as previously
explained, and thus was not having the expected results.
In 2004, Morrison (2002) surveyed 42 courses on "life in the universe". He found that
the courses mainly included the following subjects (Brake et al., 2006): History of the
Universe; Formation and History of the Earth; Nature of Life; Evolution of Life;
Extraterrestrial Life; Life in Extreme Environments; Life in Our Solar System (Mars and
Europa); Aliens, Science Fiction and the Search for Extraterrestrial Intelligence (SETI);
The Future of Humankind in the Universe (Abrams & Morrison, 2004). An informal
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survey conducted in 2006 (Oliveira & Barufaldi, 2009) revealed that most "extraterrestrial
courses" were pure science courses, where the Drake Equation is used as an organizational
tool in order to teach "introduction to biology", "introduction to chemistry", "introduction
to astronomy" courses; only a few of the courses concentrated on the history of the idea of
extraterrestrial life; and courses rarely debated the science fiction imagination and the UFO
myth. Even when these topics appeared in the syllabus, they were placed at the end of the
course leaving no time to cover them in depth (Oliveira & Barufaldi, 2009).
Thus, the author of this dissertation decided to design a new astrobiology course that
he would love to have as a student (thus, providing motivation to the students), and that
could be considered a "perfect" course by incorporating all the issues mentioned before,
integrating all the subjects before, under the umbrella of competent thinking (Oliveira &
Barufaldi, 2009). Consequently, a new astrobiology course was developed at the Center for
Science and Mathematics Education at The University of Texas at Austin (Oliveira &
Barufaldi, 2009). It's an innovative upper-division course, mainly provided to non-science
major students. This is my contribution to the education field - this astrobiology course.

Figure 3.3 - Astrobiology (NASA Astrobiology Education, 2007)
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3.3 COURSE STRUCTURE
The course has four sections. At the end of each section, there is an exam to evaluate
student's knowledge of the material covered.
The four main themes of this upper-division astrobiology course are: History of the
idea of Extraterrestrial Life; Drake Equation; Scientific Speculation; and Science Fiction.
The first section is about History. The lectures have the following themes: Ancient
Concepts of Plurality; The Copernican Revolution; The Sidereal Revolution; Canals on
Mars. The course starts with a historical and cultural perspective on how the idea of
extraterrestrial life originated and evolved (Crowe, 1986). Students should realize the
differences between scientific and non-scientific arguments. It is expected that, by
performing a critical analysis of the past (Ferris, 1989), students will make parallels with
the present and have a better understanding of the world that surrounds us. It is also
expected that students understand that science evolves as a tentative, ongoing process, and
it is socially and culturally embedded (Lederman et al., 2002). Students should also realize
that throughout history (Dick, 1998), the arguments were not really about aliens
(Hennessey, 1999), but about what humans wanted. Mostly, the big questions are about
Man's place in the universe (Michaud, 2007) and Man's place at the eyes of God. The
underlying motif was to keep Man as the pinnacle of creation (Oliveira & Barufaldi, 2009).
Humans project their culture, expectations, attitudes and characteristics into aliens. The
history of the idea of extraterrestrial life, tells us more about ourselves than about
extraterrestrials. Aliens are, in fact, us.
The second section is about Science. The lectures have the titles: Drake Equation; Star
Formation; Extrasolar Planets and Habitable Planets; Origin and Evolution of Life on
Earth; Origin of Intelligence; Human Evolution; Cultural Evolution; Lifetime of
Communicable Civilizations; Evaluating the Drake Equation. The science section (Lunine,
2005) uses the Drake Equation as an organizational tool to teach concepts such as the
formation of stars, the chemical basis for life, the methods to detect extrasolar planets, how
many of those planets may be habitable, the origin and evolution of life on Earth,
alternative ideas for life on other planets, the evolution of intelligence on Earth, the cultural
evolution of the human civilization, speculations on alien technology and language, and
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speculations about the lifetime of alien civilizations. A series of factors, important in
determining whether extraterrestrial life is possible, are examined (Shostak et al., 2003).
The goals of this second part are: to increase scientific knowledge, to know the science
behind the idea of extraterrestrial life, to learn scientific concepts, theories and
speculations, to study life on Earth and extrapolate about life in the rest of the Universe,
and to become aware that aliens are fundamentally human. It is important that students
realize that the current arguments supporting extraterrestrial life have a logic supported by
scientific observations; however, sometimes scientists still use wishful thinking and similar
faulty arguments also used throughout history (Basalla, 2006). It is also important that
students recognize that the efforts to look for life out there are based on a reason of "life as
we know it"; we look for aliens who are very similar to life on Earth. Again, this search
tells us more about ourselves than about extraterrestrials: it is all about us.
The third section allows for Scientific Speculation (Magueijo, 2003, pp. 1), under the
subjects: Life in our Solar System; SETI program; Interstellar Travel; UFOs; Fermi
Paradox. In this section, different subjects that could be considered scientific speculation,
like interstellar travel, SETI (Search for Extraterrestrial Intelligence), and UFOs, are
examined (Cohen & Stewart, 2002; Pickover, 1998). Possibilities are speculated about,
although under the limits of science (Grinspoon, 2003; Feinberg & Shapiro, 1980). This is
an important section since students need to be able to imagine different possibilities; they
need to use their imagination, and understand that science can be inspirational and exciting
(Oliveira, 2008; Feynman, 1999, pp. 145). It is an opportunity to inspire informed citizens
(Des Marais et al., 2003). At the end of this section, students should realize that even on
speculations, it's still all about us.
The fourth section is devoted to Science Fiction: What is Science Fiction; Themes and
Messages in Science Fiction; History of Science Fiction; the movie and the novel Contact;
the novel Hitchhiker's Guide to the Galaxy; the novel Childhood's End; the novel Black
Cloud; the Star Wars movies; the Star Trek series; many other Current Science Fiction
works that use Extraterrestrials. Although throughout the entire course, science fiction
works are often mentioned and discussed (Fraknoi, 2003), the last section of the course is
devoted solely to this subject. Some of the most important science fiction novels and
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movies (Mann, 2001; Pringle, 1996; Rabkin, 1983) are critically analyzed in detail:
Contact, Hitchhiker’s Guide to the Galaxy, Star Trek, Star Wars, Somnium, Micromegas,
Childhood’s End, The Black Cloud, The Listeners, War of the Worlds, Alien, Stargate,
Superman, Close Encounters of the Third Kind, K-PAX, ET – The Extraterrestrial, Men In
Black, Third Rock from the Sun, etc. Novels, episodes and movies are reviewed, critically
analyzed from a social point of view, and the messages they meant to convey are
scrutinized. Science fiction exploits scientific and social issues, while applying a lot of
imagination. Science fiction is not really about extraterrestrial life, but about human
society, the culture of the time (Cohen & Stewart, 2002); science fiction is a vehicle to
make social criticisms and satires about the author's society. Essentially, science fiction is a
significant instrument of social criticism and comment on human life. In the Science
Fiction section, as in the History section, humans are the pinnacle of Creation; Man is the
measure of all beings in the Universe; it is all about humans, humans consider themselves
the most important species in the Universe (Oliveira & Barufaldi, 2009). We define
ourselves, by comparing ourselves to others (Sardar & Cubitt, 2002); this is seen in all
science fiction works that deal with aliens. Science fiction adds nothing to our knowledge
of aliens. It is all about us. Aliens are us.
Overall, the course has a strong message: "Aliens Are Us", which is a critical analysis
of the astrobiology field. While humans are seeking their place in the Universe (Michaud,
2007), in their minds they remain the centre of the universe: astronomically, biologically,
socially, and psychologically. Our thinking about aliens is a reflection on ourselves. Aliens
are us: humans project onto aliens their hopes, fears, anxieties, dreams, attitudes,
behaviors, goals, role in the universe and on Earth, ways of thinking, anthropomorphic
bodies and anthropocentric views (Oliveira & Barufaldi, 2009). The search is not about
aliens, but about ourselves, about the meaning of our lives (Oliveira & Barufaldi, 2009).
This message that it's all about us allows for self-reflection about our own science,
mentality, and society, and encourages thinking outside the box, by promoting imagination
within scientific laws in order to imagine extraterrestrial life that doesn't reflect human and
terrestrial bias.
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3.3.1 Background
Throughout the course, students are required to complete exams with take-home
essays, an essay reviewing a science fiction novel, a project integrating astrobiology with
their major area of study, a presentation, an oral examination, and homework assignments
where students have to critically discuss different astrobiology issues. Self-reflecting
essays and competent thinking are also major characteristics of the course. In addition,
students must attend classes and actively participate in them. An ongoing, continuous,
gradual assessment of the students is conducted (Oliveira & Barufaldi, 2009). The grading
is based on multiple criteria. It was decided that a multiple criteria grading system is the
fairest and least stressful for these students (Rubadeau & Rubadeau, 1983). It allows
students to work mainly on their own, having control of their progress and to think about
the topics instead of memorizing facts (Prather & Slater 2002).
Throughout the four years that the course was taught, there were constant updates in
terms of content knowledge, and revisions in terms of assessment. In previous years, the
exams would take 30 minutes, instead of the current 15 minutes. In previous years, there
were only 10 Homeworks and they were worth 20%. In previous years, there was a Final
Oral Exam, which was worth 10%. It was done in small groups, in order to evaluate the
student's understanding of the overall idea of the course, including how that translates into
the general idea of the nature of science. In previous years, to keep the total score at 100%,
the essay/project of the course was worth 20%. Additionally, students could turn a draft of
this project, and receive feedback from the instructor in order to improve their project, two
weeks before the deadline. In previous years, students were able to write an extra, optional,
essay, worth a maximum of 10 points, in order to try to improve a grade in one of the other
assignments. This optional essay, about 7 pages long, required to do a review/critical
analysis of a science fiction book. The chosen book had to be negotiated with the
instructor, mostly from the list of books provided in the bibliography of the course. The
deadline of this essay was a month before the deadline of the mandatory essay. A draft
could be turned in 2 weeks before the deadline, to get feedback from the instructor and
improve the grade after the necessary modifications. This was an important safety net that
students could take advantage of.
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3.3.2 Course Content
3.3.2.1 Syllabus
The syllabus for this astrobiology course states that the name of the course is: SCI 360
– Earth and Space Science. And it was taught during the Fall semesters.
It also explains that: the course focus on interdisciplinary issues related to the idea of
extraterrestrial life. It covers a wide range of topics, drawing on astronomy, physics,
chemistry, biology, anthropology, geology, psychology, sociology, history, and the effects
of science in society and vice-versa. The material is non-mathematical in nature (Feynman,
1999, pp. 203) and the classes encourage interactivity.
This upper-division course is divided into four main themes: History of the idea of
Extraterrestrial Life, Drake Equation, Fermi Paradox, and Science Fiction. The course
starts with a historical perspective to understand how the idea of extraterrestrial life
originated and evolved. Then, a series of factors, important in determining whether
extraterrestrial life is possible, are examined. Within the scientific section, we give special
attention to formation of stars, chemical basis for life, methods to detect extrasolar planets,
how many of those planets may be inhabitable, origin and evolution of life on Earth,
alternative ideas for life on other planets, evolution of intelligence on Earth, cultural
evolution of human civilization, speculations on alien technology and language, and
speculations about the lifetime of alien civilizations. Next, the course focuses on the
"search for aliens" and "trying to contact them" - strategies for listening and
communicating with advanced extraterrestrial civilizations -, and the question of whether
Earth has been visited by extraterrestrials is approached critically. Current ideas on
interstellar travel are also covered. Finally, the course discusses the importance of science
fiction in society and its impact on the current extraterrestrial life framework. Within the
science fiction section, some works that we critically analyze (discussing social and
scientific issues) are: Contact, Hitchhiker’s Guide to the Galaxy, Star Trek, Star Wars,
Somnium, Micromegas, Childhood’s End, The Black Cloud, The Listeners, War of the
Worlds, Alien, Stargate, Independence Day, Superman, Close Encounters of the Third
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Kind, K-PAX, ET – The Extraterrestrial, Men In Black, Third Rock from the Sun, X-Files,
Battlestar Galactica, …
The class has a limited number of students - a maximum of 18 - and it gives an extra
attention to discuss current news on the subject of astrobiology. Competent thinking is
expected from the students by emphasizing scientific speculation.
The grading system is based on multiple criteria and students are asked to integrate
their own area (major) with the field of astronomy. Grades are based on four exams, one
essay, one presentation, and homeworks. Along with multiple criteria, there is an ongoing,
continuous, gradual, assessment. Each feature and its weight on the final grade are:
Exam 1 (History):

10%

Exam 2 (Drake Eq.):

10%

Exam 3 (Fermi Paradox):

10%

Exam 4 (SF & UFO):

10%

Essay Your Area + Astronomy:

10%

Small Group Presentation:

10%

Homework (20):

40%
100%

Each exam is composed of:
10 Short-Answer Questions

= 5 points

1 essay question

= 5 points
10 points

Each exam/quiz (Tuesday) takes 15 minutes. The rest of the time is for regular class.
The essay question is a "take-home" essay - a small essay, about 2 pages long. The essay
question is given on Thursdays to be turned in by e-mail before Monday at 6pm. Students
are required to do a mandatory essay/project, around 7 pages long, on a topic integrating
their own field of study (area/major/interest) and an Astronomy/Astrobiology issue. The
aspects considered in the essays are: creativity, critical thinking, clarity of arguments,
coherency,

structure,

research

done

on

both

subjects, explanatory power, big picture explained, etc.
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subjects,

correct

mixing

of

The Presentations are done in a small group (two elements from the same area) for
about 15 minutes, about a theme that incorporates both the subjects on their essays. The
presentations have to be creative, and follow several criteria. The intention of the
presentations and of the essays, is that students research a subject they are interested on,
use critical thinking, and realize they can connect their major to astrobiology/science.
Class attendance is mandatory. Students loose 2 points for each class missed. Students
that miss the class 5 times, fail the course. Active participation is encouraged.
There are 20 Homework assignments. Overall, the homeworks are worth 40 points.
Homeworks are given on Tuesdays to be turned in by e-mail before Thursday at 12noon
and are given on Thursdays to be turned in by e-mail before Monday at 6pm.
Most documentaries in the syllabus are seen outside class time, although some of them
are watched during class time. Students should attend the optional DVD sessions outside
class time, on Tuesdays. Each attendance gives an extra point. This is an important safety
net that students should take advantage of. The attendance also greatly helps the students
for upcoming homeworks.
There is no Final Exam.

The students are also told that the class is fun, and easy, if they put the work (Feynman,
1999, pp. xiv). It looks like a lot of work, and overwhelming, but throughout the course
there are a lot of opportunities to get extra credit. In the end, most students do the work,
and the extra work, and thus most students get excellent (A) grades.

The scores needed to obtain a letter grade are:
A

90 – 100

B

75 – 89

C

60 – 74

D

50 – 59

F

0 – 49
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Schedule
Lecture Date: Lecture Number – Subject covered
Aug 27:
Sept 1:
Sept 3:
Sept 8:
Sept 10:
Sept 15:

1 – Introduction & Overview.
2 – Ancient Concepts of Plurality.
3 – The Copernican Revolution.
4 – The Sidereal Revolution.
5 – Canals on Mars.
Exam 1: Lectures 2 – 5

(The Universe - Astrobiology)

Sept 15: 6 – Drake Equation. Star Formation.
(Contact)
Sept 17: 7 – Extrasolar Planets.
Sept 22: 8 – Habitable Planets.
(Evolution of Life)
Sept 24: 9 – Origin and Evolution of Life on Earth.
Sept 29: 10 – Origin of Intelligence. Human Evolution. (Last Days on Earth)
Oct 1: 11 – Cultural Evolution.
Oct 6: 12 – Lifetime of Communicable Civilizations.
(Life After People)
Oct 8: 13 - Evaluating the Drake Equation.
Oct 13: Exam 2: Lectures 6 – 13
Oct 13:
Oct 15:
Oct 20:
Oct 22:
Oct 27:
Oct 29:
Nov 3:
Nov
Nov
Nov
Nov
Nov
Nov
Nov

14 – Life in our Solar System.
15 – SETI program.
16 – Interstellar Travel.
17 – History of UFOs.
18 – Current UFOs.
19 – Fermi Paradox.
Exam 3: Lectures 14 – 19

(The Universe – Search for ET)
(Alien Planet)
(K-PAX)

3: 20 – Science Fiction.
(Fantastic Voyage: Evolution of Science Fiction)
5: 21 – Contact & HHGTTG.
10: 22 – Star Trek.
(How Star Trek Changed the World)
12: 23 – Star Wars.
(Star Wars: Legacy Revealed)
17: 24 – Current SF with ETs - novels.
19: 25 – Current SF with ETs - movies.
24: Exam 4: Lectures 20 – 25

Nov 24: 26 - Presentations Schedule & Feedback.

(The Universe – Alien Faces)

Nov 26: No class – Thanksgiving Holiday!
Turn in the mandatory essay (December 1)
Dec 1: 27 – Presentations
Dec 3: 28 – Presentations
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3.3.2.2 History section
The course begins with the History section. The main goal of the first part of the course
is to provide a historical and cultural context on the idea of extraterrestrial life. The main
objective is to make students realize the differences between scientific arguments and other
arguments from other areas of society. One of the goals is that students obtain a better
understanding of science. It is expected that, by performing a critical analysis of the past,
students will be able to make parallels with the present and thus have a better
understanding of the world that surrounds us. Another goal is that students understand that
throughout history, the arguments were not really about aliens, but about what humans
wanted. Another the goal of this section, as well as other sections, is for students to
understand the nature of science: science evolves as a tentative, dynamic, ongoing process,
science is empirical, science is subjective, science is partly creative and imaginative human
endeavor, science is socially and culturally embedded (Lederman et al., 2002).
In this section of the course, students study more than 100 individuals throughout
history. The reference reading for this section is Michael J. Crowe's The Extraterrestrial
Debate 1750–1900 (Crowe, 1986).
Arguably, the ideology regarding intelligent beings outside Earth started several
millennia ago with creation myths (Dick, 1998). It showed god-like all-powerful
extraterrestrial beings, who supposedly created life on Earth and who continued thereafter
to be very interested in Earth and on influencing the daily life of humans. These humanoid
gods were in all aspects like humans, with the same forms, characteristics, psychology,
attitudes, behaviors, etc, except that they were more powerful than humans (Grinspoon,
2003). Humans created these extraterrestrial gods in order to explain the gaps in
understanding the world (Oliveira & Barufaldi, 2009).
In the 4th century BC, Plato and Aristotle adopted this geocentric cosmos (Koestler,
1959) where a God ('Prime Mover') would be constantly looking at us from above. Under
this view, Earth is the only place with life and human beings. With the Earth at the centre
of the Universe, humans are the great beneficiaries. This orthodox view is all about
humans; humans wanted to be the most important and interesting piece of the Universe,
and thus they put themselves at the centre, even if only psychologically (Brake, 2006).
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In 1277, theologians such as the bishop of Paris, Etienne Tempier, decided to condemn
those who would say that God could only make one world (Hennessey, 1999; Dick, 1982),
because that would be limiting God's power. From that time on, other worlds and their
possible life became the subject of debates.
In the 15th century, Nicholas of Cusa, a Cardinal of the Catholic Church, was among
the first to speak about extraterrestrial life; although many had already considered a
plurality of worlds (Sagan and Shklovskii, 1966). He thought that extraterrestrial
inhabitants are rational beings of a different rank than the men from Earth; for instance,
while on Earth humans are "gross and material" (Crowe, 1986), the inhabitants of the Sun
are bright, enlightened and spiritual. One may think that this is a very anti-anthropocentric
view, however that was not the idea of Cardinal Nicholas. For him, Man was the measure
of all beings in the Universe. Man was the 'pinnacle of Creation' (Crowe, 1986), and thus
all the other beings only existed in relation to humans. Not only that, but aliens basically
had the same characteristics as humans, just more intensified in certain aspects. This
reinforced the message that by and large the Cardinal saw the aliens as another version of
humans.
The Renaissance brought new lands on Earth, new people on Earth, new science, new
technologies, and new ideas concerning the Universe (Ferris, 1989). In terms of
extraterrestrial beings, the Renaissance brought an apparent increase of diversity among
them. There was also a shift in the arguments. The main arguments are now: (1) analogy:
"if Earth is a planet, then planets are Earths" (Dick, 1996); and (2) the religious argument:
"since Christ became incarnated on Earth, then Earth is special" (Crowe, 1986). Thus, it's
still all about us!
The face of pluralism in this period is Giordano Bruno. He believed in many Suns and
many inhabited worlds. Like the Dominican monk Tommaso Campanella, the Reverend
John Wilkins, and many others, Bruno used analogy and argued that "a plurality of
mankinds" (Crowe, 1986) enhanced the glory of God. For him, the inhabitants of other
celestial bodies were beings like ourselves. Aliens are us!
In the 17th century, Bernard le Bovier de Fontenelle had a tremendous success with his
1686 book Entretiens sur la pluralité des mondes (Fontenelle, 1990). In this work, he
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populated everything except stars. The arguments that he used were the same used earlier:
analogy and religion. Although he considered himself anti-anthropocentric due to the
diversity of aliens in his work, the truth is that the characteristics of his aliens are just
exaggerated versions of humans, for example: some aliens would use voice, others would
use sign language; some aliens would have a six sense, others would lack some sense;
some aliens would be black, while others were white; some aliens loved peace, others war;
some lived in groups and others in isolation; some eat meat, while others only eat
vegetables; some were dwarfs and others giants, etc. Earth was a miniature Solar System
where all the features were concentrated. Thus, in fact, his pluralism was a mask to
congratulate humans on Earth. His incredible influential work made new assumptions
about the prominent status of Man; Man is the measure of all beings, and all of the
extraterrestrial beings are basically human. Aliens are humans! About the same period, the
famous Christiaan Huygens criticized the wild speculations of Fontenelle, while making
the assumption that aliens would be like humans: similar bodies, same senses, same
morals, same attitudes. In essence, he also celebrated the greatness of mankind by stating
that aliens are humans! During this period, with a few exceptions (namely Cyrano de
Bergerac), many other authors populated the planets with aliens that had human
characteristics. On the whole, aliens were humans!
With the Enlightenment, new authors appeared, but the underlying premise continued
the same. Thomas Wright of Durham and Immanuel Kant believed in a ranking of beings,
with a gradation of many levels of perfection: for Wright the most virtuous rational beings
are closer to the Sun, while Kant had the opposite hierarchy. Like Cardinal Nicholas of
Cusa before them, they believed that Man was the measure of all beings in the Universe:
aliens were just another version of humans.
The Reverend Thomas Dick, like Chalmers and others, used pluralism in his sermons
to excite and motivate people. His idea about only one religion in the Universe mirrors his
idea that on Earth should be only one religion; thus mankind had the 'right religion', which
should spread throughout the Universe. Moreover, in 1837, he made a cosmic population
census, calculating almost 22 trillion intelligent beings in the Universe. His calculations
were based on Earth and how humans get together using the population density of
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England. Essentially, he calculated how many aliens there would be if all aliens were
humans and living like humans (Oliveira & Barufaldi, 2009).
1835 was the year of the Moon hoax. Richard Locke, a New York journalist, made up
stories about supposedly discoveries of living plants, animals and rational beings on the
Moon. All of these beings were, at heart, the same types of beings that we see on Earth.
Even the rational beings, called men-bat, were fundamentally humans with huge bat wings.
The readers of the newspaper did not understand the satire, and totally bought the idea that
the aliens were basically humans (Oliveira & Barufaldi, 2009).
A few years later there was a feud between William Whewell and David Brewster.
While coming from opposite directions, Whewell rejected pluralism while Brewster
embraced it, they both had the motif of not wanting humanity to lose a central significance
in the cosmic plan: Whewell wanted God just for humans with no other beings to be taken
care by God, while Brewster argued that since Christ redeemed the sins on Earth then
Earth and humans were the most important beings in the Universe. These religious
arguments are very common throughout history, and the psychological reasons behind
them are also usually the same: several dozens of people throughout history argued the
same way as Whewell and Brewster. Man has a vital place in the Universe. The aliens are
just sidekicks in a stage clearly made for humans (Oliveira & Barufaldi, 2009). It is all
about us, it is all about humans.
By the middle of the 19th century, arguably the best popularizer of all, Camille
Flammarion (Guthke, 1990), who still greatly influenced the 20th century attitudes about
the extraterrestrial idea (Dick, 1996), proposed a diversity of life in the Universe similar to
Fontenelle's ideas: some beings would have additional senses, others would have other
sexes, others could be immortal, etc. Although in his idea there was no justification for
aliens to look like humans, he still thought that all evolution, on any planet, always leads to
rational creatures. Thus, for him, although aliens could be diverse, with different forms and
characteristics, the fact is that he still thought that the end result of evolution, the pinnacle
of Creation, should still be rational beings like humans (Oliveira & Barufaldi, 2009). All
evolution in any planet should lead to rational-alike human beings. Man is still the measure
for all beings. It is still all about humans.
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Until the 20th century, pluralism was defended, without observational evidence, and
based on faulty, non-scientific arguments, such as: Analogy, Religion, Principle of
Plenitude, Principle of Mediocrity, Principle of Uniformity, Wrong Interpretations of
Observations, Wild speculations, Probabilities, Personal wishes, etc (Oliveira & Barufaldi,
2009). All of these arguments are based on humans - human wishes, human characteristics.
All of these arguments are about us. Although under the extraterrestrial disguise, these
arguments expressed only the psychology, science, reasoning, faith, and culture of humans
(Oliveira & Barufaldi, 2009).
At the turn of the century, the battle for the planet of war started. Giovanni
Schiaparelli, in 1877, mapped the surface of Mars with several canali: in Italian, it means
natural water channels. In USA, it was wrongly translated as canals, artificially constructed
paths of water. This incorrect translation led to euphoria in the general population and in
the astronomical community, with Flammarion and Percival Lowell at the top of the
believers, about an advanced Martian civilization who had built a planetary irrigation
system with a complex and highly sophisticated system of canals (Oliveira & Barufaldi,
2009). However, these canals were just an optical illusion, fabricated by the human mind.
Moreover, this idea of canals being made by an advanced civilization mirrors the human
civilization of the time: it was the era of the canals on Earth: Panama, Dortmund,
Manchester, including the famous Suez Canal, a modern wonder of the world, which
opened to navigation in 1869. It was again all about humans. Astronomers were projecting
human society onto planet Mars (Oliveira & Barufaldi, 2009).
About this same time, Flammarion proposed that we should communicate with
Martians using the telegraph, for the same reason: since we were using the telegraph
(Standage, 1998), then aliens must be using it too. Once again, humans are still the
measure of all things. Aliens are humans!
Overall, throughout history, it is clear that the discussion about aliens does not bring
anything new (Hennessey, 1999) and is in reality all about humans. Mostly, the big
questions are about Man's place in the universe (Michaud, 2007) and Man's place at the
eyes of God. Whatever the opinion, the underlying motif was to keep Man as the pinnacle
of creation (Oliveira & Barufaldi, 2009).
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Humans project their culture, expectations, attitudes and characteristics into aliens. The
history of the idea of extraterrestrial life, tells us more about ourselves than about
extraterrestrials. Aliens are, in fact, us. Aliens are us!

3.3.2.3 Science section
The Science section (Lunine, 2005) uses the Drake Equation as an organizational tool
to teach concepts such as the formation of stars, the chemical basis for life, the methods to
detect extrasolar planets, how many of those planets may be habitable, the origin and
evolution of life on Earth, alternative ideas for life on other planets, the evolution of
intelligence on Earth, the cultural evolution of the human civilization, speculations on alien
technology and language, and speculations about the lifetime of alien civilizations. The
goals of this second part are: to increase scientific knowledge, to know the science behind
the idea of extraterrestrial life, to learn scientific concepts, theories and speculations, to
study life on Earth and extrapolate about life in the rest of the Universe, to better
understand the nature of science, and to become aware that aliens are fundamentally
human. The reference reading for this section is Life in the Universe written by Shostak et
al. (2003).
After a general view of the Drake Equation, the Big Bang Theory is studied, especially
in terms of chemistry, in order to learn how the elements necessary for life came to be.
Following that, the Solar Nebula theory is analyzed with the aim of understanding how the
Solar System, stars, discs around stars and planets, formed; the objectives are to learn how
the different chemical elements formed, and to learn how many stars and planets could
there be in the universe, and their characteristics (Oliveira & Barufaldi, 2009). After
understanding the formation of planets, the history of searching for extrasolar planets, the
current 12 most important methods to detect them, the characteristics of the more than 500
extrasolar planets already discovered, and extrapolate about possible future others are
studied. Subsequently, Earth, the habitability of the planets, in our Solar System and
elsewhere, the life-friendly stars and the habitability of our Galaxy is examined. Finally,
how insignificantly tiny our familiar planet Earth is, in space and in time, is explored
(Oliveira & Barufaldi, 2009).
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After the astronomical factors of the Drake Equation, biological aspects are considered.
The next big chapter is about the origin and evolution of life (Gilmour & Sephton,
2003). In this section the nature of life is discussed: its requirements, its characteristics, its
chemical basis, its basic molecules (its properties and constituents, amino acids, bases,
sugars, phosphates, proteins, nucleic acids, RNA, DNA, etc.), the Miller–Urey experiment,
the different theories for the formation of life, the vital importance of carbon and water,
along with other relevant characteristics (Koerner & LeVay, 2000). How life evolved on
Earth, since its formation until now, with the most important stages being the origin of life,
the origin of oxygen, the development of multicellular life and the Cambrian Explosion, is
examined. Subsequently, extremophiles are examined: what they are, where they live,
which conditions they need and how can we extrapolate the knowledge about them to other
planets and which planets (Koerner & LeVay, 2000). Although the scientific details of the
subject are provided and discussed, the goal of this chapter, like all of the other chapters, is
to critically analyze the big picture. More than memorizing concepts, the goal is to promote
critical thinking (Oliveira & Barufaldi, 2009). Since students are non-science majors and
thus will not work in this area, what is important for them to remember is not the 'boring'
scientific details that they memorize for the test and forget the next day, but the big picture
of the science behind it (Grinspoon, 2003). With this in mind, a lot of time is spent
discussing and analyzing Carl Sagan's Cosmic Calendar (Sagan, 1986), and trying to draw
conclusions from it. For instance, students are expected to realize that the evolution of life
on Earth shows that: life started very early after the formation of Earth; most of the time,
life was bacterial, unicellular organisms; the multicellular organisms that we know best,
appeared relatively recently; and humans appeared even more recently. In terms of
extremophiles, students are expected to recognize that: life is varied, robust, tough and
extremely adaptable to hostile conditions; the fact that we find extremophiles on Earth
increases the chances of finding life on other planets (Des Marais & Walter, 1999); but
complex life cannot survive in extreme conditions, since it needs moderate and stable
conditions to survive; and intelligent life needs even more stable and moderate conditions.
Thus, from both the evolution of life and the existence of extremophiles, students should
anticipate that the probability of finding unicellular extraterrestrial organisms is high
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(Darling, 2001; Aczel, 1998), while the probability of finding multicellular extraterrestrial
organisms is small (Ward & Brownlee, 2000), and finally the probability of finding
intelligent extraterrestrial organisms is very tiny (Ward & Brownlee, 2000). Next, human
evolution is discussed, including the evolution of intelligence on Earth. It is observed that
most definitions of intelligence reflect our prejudices and bias; it is all about us.
Nevertheless, some working definitions are examined, we try to quantify intelligence, and
students have to come up with their own ranking of species, based on their own definitions.
The origins of intelligence and the lack of importance it has on the survival time of the
species are discussed. Several studies made with animals on Earth are analyzed. The
human evolution from Proconsul until Homo Sapiens is critically analyzed, along with
theories associated with evolution, for example: convergent evolution, parallel evolution,
divergent evolution and punctuated equilibrium.
After the biological factors of the Drake Equation, the social and cultural aspects are
considered. Here, the concentration on human affairs is even more important. The next
factors are almost exclusively about humans.
The next chapter is devoted to cultural evolution, which includes technological and
worldview evolution. Studies about the manipulative abilities of other species are
examined, including studies about their language. The evolution of information storage in
different species is investigated. The technological evolution of humans, from stone tools
to the Internet, is observed. Time is spent discussing the benefits and drawbacks of
agriculture, analyzing some key advances such as oral and written language, and
investigating the power of competition in order to evolve. After that, the evolution of the
worldview on human societies is studied, including speculation on how other intelligent
species may have a different worldview under different planetary conditions, star system
conditions, and biological conditions. Finally, the course speculates on the lifetime of
communicable civilizations. The Kardashev classification is examined, including a few
hypothetical extension levels. The several mass extinctions that occurred on Earth
throughout its history are studied, and several dozens of factors that may annihilate our
technological human civilization are analyzed.
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By the end of this section, each student has to provide a critical analysis of the Drake
Equation as a whole (Michaud, 2007) and has to give about 10 arguments for a higher and
for a lower number in each of the factors in the Drake Equation.
After determining a possible distance to the nearest communicable civilization,
students have to calculate the number of two-way communications we could have with
those same potential advanced alien civilizations.
It is important that students realize that the current arguments supporting
extraterrestrial life have a logic supported by scientific observations; however, sometimes
scientists still use wishful thinking and similar faulty arguments also used throughout
history (Basalla, 2006). It is also important that students recognize that the efforts to look
for life out there are based on a reason of "life as we know it"; we look for aliens who are
very similar to life on Earth. Again, this search tells us more about ourselves than about
extraterrestrials: it is all about us.

Figure 3.4 - Drake Equation (SETI League, 2003).
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3.3.2.4 Scientific Speculation section
In past years, while grading the final essays for the past section, a pattern was noticed;
students were very pessimistic about the idea of finding advanced extraterrestrial life.
Thus, these next sections exist to give them a balance, to make them imagine different
possibilities, to make them speculate, to expand their minds, to make them more
optimistic, and to make them dream (Oliveira & Barufaldi, 2009). Curiously, a similar
recommendation, in terms of imagining different possibilities, was given in a report
published by the National Research Council (NRC, 2007): it urged NASA and NSF to
expand their minds and look for 'weird life' - life with an alternative biochemistry, like
organisms that lack DNA or other molecules found in life as we know it. In addition to
encouraging a wider search (not limited just by Earthly ideas), the Committee left a somber
note: when we find extraterrestrial life, we probably will not even recognize it as life
(NRC, 2007).
In the third section of the course, different subjects that could be considered scientific
speculation are examined (Magueijo, 2003, pp. 1; Cohen & Stewart, 2002; Pickover,
1998). Possibilities are speculated about, although under the limits of science (Grinspoon,
2003; Feinberg & Shapiro, 1980). This is an important section since students need to be
able to imagine different possibilities; they need to use their imagination, and understand
that science can be inspirational and exciting (Oliveira, 2008; Feynman, 1999, pp. 145). It
is an opportunity to inspire informed citizens (Des Marais et al., 2003).
We start by our Solar System. The planets and moons in the Solar System are toured.
Their physical characteristics, the photos taken by the probes, the experiments performed
on their soil, how well suited they are for "life as we know it" and the probabilities of
water and life on them as well as which type of life might be probable are examined. We
look for what we already know, and in doing so we restrict our efforts to "looking for us".
We are looking for ourselves; it's all about us (Oliveira & Barufaldi, 2009).
Subsequently the SETI program (SETI Institute, 2004; Tarter, 2001) is discussed. Its
history, its projects, its results so far and the reasons for its results (Clark & Clark, 1999)
are studied. The science behind it, and how it contributed to some of our current
technology, is examined. Different strategies for listening and communicating with
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advanced extraterrestrial civilizations are considered. We observe, experiment and have
fun with several signals sent by humans to outer space; including class activities that deal
with them. Students also analyze a few mysterious signals received by SETI. The
limitations in receiving and deciphering an extraterrestrial signal (Michaud, 2007) are
investigated, along with a few limitations in the SETI reasoning and in its current
technology. The electromagnetic spectrum and the properties of the wave are studied.
Studies on human communication with other species on Earth are reviewed, including
communication within those species. Finally, the reasoning behind the idea of SETI, its
premises, its assumptions, its problems and the similarities/differences between this
reasoning and the arguments used throughout human history, which we studied in the first
section of the course, are critically analyzed. We debate how, for SETI to be successful,
aliens need to be 'humans': they need to have the same kind of intelligence, similar
reasoning, same curiosity and desires (wanting to communicate), similar level of
development (in the end of the 19th century, Flammarion thought that Martians had a
similar level of development as humans, using telegraphs), same frequency, comparable
radio technologies, equivalent understanding of mathematics, analogous comprehension of
messages, etc (Oliveira & Barufaldi, 2009). This is not a criticism in a negative way; we
must be self-aware of the limitations. Humans are still the measure for all things. An alien
civilization needs to be very similar to a human civilization (Basalla, 2006; Grinspoon,
2003). Extraterrestrials need to be like us. Aliens are us!
The following chapter is devoted to Interstellar Travel. Different ideas for exploration
probes (Sentinels, Bracewells, Berserkers, etc), and several current spacecraft projects,
such as Orion, Ramjet and Solar Sailing, are analyzed. A few possible future projects are
considered, such as Generation Starships and Sleeper Ships. After examining the Theory of
Relativity, with concepts such as Time Dilation (Stannard, 1989, pp. 50-54) and its Twin
Paradox, the realm of science fiction with some speculative ways of travelling through the
stars (e.g. warp drive, hyperdrive, wormholes, teleportation, etc) is approached. Finally, all
of these methods are discussed, and a critical analysis of what we can rationally expect in
the future is performed. This chapter is totally dedicated to human technology, to humans
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spreading in outer space, to humans travelling to other planets, to the human colonization
of space (Oliveira & Barufaldi, 2009); this chapter is about us.
The next chapter is devoted to the UFO phenomenon, which is popularly thought as
having an extraterrestrial origin (Sagan & Page, 1972). This chapter is not just about
speculation, but about pseudoscience and the myths in astronomy (Grinspoon, 2003),
which are also useful in science education (Lanza & Negrete, 2007; Negrete, 2002). UFOs
are defined and their potential Earthly explanations are discussed. The history of the UFO
phenomenon from antiquity until now is analyzed, with an emphasis on the modern age of
UFO sightings (Jackson, 1992). The most important UFO cases worldwide are critically
analyzed. A few modern cases are scrutinized, focusing on several recent videos,
examining them from a scientific point of view (Oliveira & Barufaldi, 2009). This is done
along with individual and group activities to help students question these supposed
'evidence' of UFO sightings. The lack of imagination shown by the 'extraterrestrial UFO
hypothesis' supporters, who think that alien civilizations probably thousands or millions of
years more advanced than us yet have spaceships similar to our current ones, is debated
(Oliveira & Barufaldi, 2009). The psychology behind UFOs, misinterpretations and mythmaking throughout history is studied. The most important scientific research studies done
on this subject and the most important researchers on this field (Koerner & LeVay, 2000)
are considered. By the end of this chapter, the most famous alien abduction cases are
dissected, and the lives of the self-identified contactees and abductees are inspected
(Oliveira & Barufaldi, 2009). Overall, the belief that UFOs are extraterrestrials is just that:
a belief (Grinspoon, 2003); it is a religious belief, where God and angels, who are in the
sky looking at us, are substituted by aliens (Grinspoon, 2003; Shermer, 2000; Davies,
1995; Sitchin, 1976; Temple, 1976; von Daniken, 1968). It is interesting that, like the gods,
the aliens look the same as the people who invented them: white western civilization. It is
an argument based on faith; people need to believe (Shermer, 1997). This is an argument
embedded in our own psychology: we want to believe because aliens make us feel special;
just like the religious arguments in the History section, we want somebody up there that
puts us in the central place of attention (Oliveira & Barufaldi, 2009). Although there are
many reasons for the UFO phenomenon, all Earth and human based, people prefer to
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believe in an extraterrestrial reason, against all evidence, because it is psychologically
appealing (Michaud, 2007; Grinspoon, 2003). We live with an ET meme (Brake &
Griffiths, 2002). Thus, the UFO phenomenon is all about humans (Oliveira & Barufaldi,
2009). UFOs are us.
Finally, we try to solve the Fermi Paradox (Michaud, 2007; Webb, 2002). Although
300 possible solutions are considered, only 30 are analyzed in detail. Students are
encouraged to think about more solutions that are not included in the 300 list. Students are
also guided into discussing several of the solutions in their own groups and come up with
the explanations for those solutions. Despite some very imaginative solutions, the fact is
that it is always our solutions, our reasoning about what intelligent aliens may think and
do, our way of thinking projected into extraterrestrial efforts, our interpretation of nature,
and our science (Oliveira & Barufaldi, 2009). It is always about us.

3.3.2.5 Science Fiction section
Although throughout the entire course, science fiction works are often mentioned and
discussed (Fraknoi, 2003), the last section of the course is devoted solely to this subject.
Some of the most important science fiction novels and movies (Mann, 2001; Pringle, 1996;
Rabkin, 1983) are critically analyzed in detail.
Science fiction exploits scientific and social issues, while applying a lot of imagination.
Albert Einstein used to say that imagination is more important than knowledge (Taylor,
2002), since it stimulates creativity (TED, 2006), which is important to solve problems, to
inventing new technologies, to promote discoveries, to promote arts in society, to think
about new scientific theories, etc. Thus, this section allows students to go further than just
knowledge can take them (Machado, 2005).
After defining science fiction, the relationship between science fiction and human
society is discussed. The relationship between science fiction and science (Krauss, 1997,
1995), and how much they influence each other (Sagan, 1979), is examined, with several
examples provided. How science fiction inspires people (Brake & Hook, 2008) is
discussed. The importance of science fiction in society and its impact on the current
extraterrestrial life framework is analyzed.
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Science fiction is interpreted as being a literature of probabilities instead of literature of
prophecies (Brake & Griffiths, 2004b). How much of science fiction is based on social
(and technological) issues is analyzed. What aliens in science fiction represent is studied.
The history of science fiction is examined, beginning with the person who is
considered the father of science fiction, Lucian of Samosata, and his two fictional voyages
to the Moon, written as satires of his own society. Next, Kepler's Somnium (1634), where
he used analogy, anthropocentric ideas and believed Man was the best creature, is studied
(Kepler, 2003). Cyrano de Bergerac's Other Worlds (1657), two science fiction stories
(travelling to the Moon and travelling to the Sun) which were satires of human society and
parodies of Christianity, are examined (Bergerac, 1976); in contrast to all other authors,
Bergerac really criticized our anthropocentric view of creation, as well as the social
injustices of the 17th century (Oliveira & Barufaldi, 2009). Voltaire's Micromegas (1752),
which is a satire of human ego, pride and vanity, is studied (Voltaire, 1989); we are so
small, and nevertheless we think we own the universe (Oliveira & Barufaldi, 2009). H. G.
Wells' War of the Worlds (1898) is examined (Wells, 2005); a fictional invasion of the
Earth by an advanced Martian civilization at a time when even astronomers thought they
existed on Mars (Brake & Hook, 2006). It was a metaphor of Great Britain, a social and
political criticism of the British Empire, which relied on technology to kill people with no
regrets, like machines. It was a satire about imperialism and the vanity of Man (Oliveira &
Barufaldi, 2009). Subsequently, the class listens to the original radio dramatization of this
piece, performed by Orson Welles, which led many people to panic (Oliveira & Barufaldi,
2009). Arthur C. Clarke's Childhood's End (1953) (Clarke, 1980), Fred Hoyle's The Black
Cloud (1957) and James Gunn's The Listeners (1972), are all critically analyzed. A detailed
analysis of two novels follows: Carl Sagan's Contact (1985), and Douglas Adams' The
Hitchhiker's Guide to the Galaxy (2002), the compilation of five volumes. These two
novels are in the reference reading list for this course.
Several important science fiction movies related with extraterrestrial life are examined.
Students have the opportunity to watch, analyze and debate the movies Contact (1997) and
K-PAX (2001). In addition, students may watch episodes and documentaries about Star
Trek and Star Wars: the documentaries analyze the science and the social messages
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underlying the episodes/films. Other movies discussing social and scientific issues are
available for analysis: The Day the Earth Stood Still (1951), 2001 – A Space Odyssey
(1968), Close Encounters of the Third Kind (1977), Superman (1978), Invasion of the Body
Snatchers (1978), Alien (1979), ET – The Extraterrestrial (1982), The Abyss (1989),
Stargate (1994), Species (1995), Independence Day (1996), Starship Troopers (1997), Men
In Black (1997), Signs (2002), etc; and the series: X-Files (1993), Third Rock from the Sun
(1996) and Battlestar Galactica (2004).
Obviously, the course would like to show, discuss, and critically analyze many more
documentaries, novels, movies, and series episodes throughout the course, like Blade
Runner, A Wrinkle in Time, In the Shadow of the Moon, The Dish, Avatar, and many
others. However, time constraints do not allow for the critically analysis, in-depth
examination, and relevant discussion of more science fiction works.
The episodes and movies are reviewed, critically analyzed from a social point of view,
and the messages they meant to convey are scrutinized. The most common messages
within science fiction movies are: the Universe is teeming with intelligence life; aliens are
very advanced; aliens are very interested in us; aliens have different human characteristics,
but humans seem to have them all; humans are constantly praised, and thus aliens would
like to be humans, as it is mostly seen in Star Trek; what does it mean to be human, by
comparing ourselves to non-humans (Rose 1982); aliens are our past gods; science and
religion are compatible; we can have a perfect integration of different areas of society; a
person's life should be balanced; we should have an harmony between different parts of
life, of a person's world; people should follow their dreams; our life and our world is what
we make of it; humans should be constantly improving themselves; people should be
happy, optimistic and tolerant; knowledge and critical thinking are crucial for a rational
mind; the most important aspects in a person's life are family and the significant other; the
most profound discoveries are not in space, but within us.
It is seen that science fiction is not really about extraterrestrial life, but about human
society, the culture of the time (Cohen & Stewart, 2002); science fiction is a vehicle to
make social criticisms and satires about the author's society. Like Annette Kuhn said:
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"Science Fiction movies are reflections of social trends and
attitudes of the time, mirroring the preoccupations of the
historical moment in which the films were made. Films are
treated as sociological evidence. Science Fiction films relate
to the social order through the meditation of ideologies"
(Kuhn, 1990, pp. 10).
Essentially, science fiction is a significant instrument of social criticism and comment
on human life.
In the Science Fiction section, as in the History section, humans are the pinnacle of
Creation; Man is the measure of all beings in the Universe; it's a glorification of human
beings (Coelho, 2011, pp. 20, 25, 33); it is all about humans. Humans consider themselves
the most important species in the Universe (Oliveira & Barufaldi, 2009). We define
ourselves, by comparing ourselves to others (Sardar & Cubitt, 2002); this is seen in all
science fiction works that deal with aliens. Science fiction adds nothing to our knowledge
of aliens. It is all about us. Aliens are us.

3.3.2.6 Message of the Course
Overall, the course has a strong message: "Aliens Are Us", which is a critical analysis
of the astrobiology field. While humans are seeking their place in the Universe (Michaud,
2007), in their minds they remain the centre of the universe: astronomically, biologically,
socially, and psychologically. Our thinking about aliens is a reflection on ourselves. Aliens
are us: humans project onto aliens their hopes, fears, anxieties, dreams, attitudes,
behaviors, goals, role in the universe and on Earth, ways of thinking, anthropomorphic
bodies and anthropocentric views (Oliveira & Barufaldi, 2009). It is all about humans, not
aliens.
This message that it's all about us allows for self-reflection about our own science,
mentality, and society, and encourages thinking outside the box, by promoting imagination
within scientific laws in order to imagine extraterrestrial life that doesn't reflect human and
terrestrial bias.

184

Our thinking about aliens is basically a reflection on ourselves. As David Zindell states
in Neverness (1989): "We do not see things as they are; we see them as we are" (Zindell,
1989, pp. 371).
Humans seek truths outside of themselves to complete inner ones. In a world where
minds are looking further out into the Universe than ever before, in the end it is only
ourselves that we are interested in. The search is not about aliens, but about ourselves,
about the meaning of our lives (Oliveira & Barufaldi, 2009).
The more we study space, the more we learn about ourselves.
When we study astrobiology, science fiction, or the UFO phenomenon, we are, in fact,
studying ourselves.

Figure 3.5 - It's always about us (Fry & Lewis, 2002).
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3.4 BIBLIOGRAPHY
The reference books for the SCI 360 course are:
1) Life in the Universe by Seth Shostak, Jeffrey Bennett and Bruce Jakosky;
2) Contact by Carl Sagan;
3) The Ultimate Hitchhiker's Guide to the Galaxy by Douglas Adams.
However, these are not required books; students don't need to buy these books. The
Center for Science and Mathematics Education has in its library a few of these books, plus
the Perry-Castaneda Library, the official library of the University of Texas at Austin, has
also some more units of these books for the students to pick-up and read. There is no
mandatory book, because there is no book that has all the information in the course and the
way that is presented in this course. Thus, students do not have to spend money in books.
As a replacement for books, students are told that PowerPoint files are given to them in
every class. The files are posted on Blackboard for students to download and print and/or
keep in their computer. Those files work as a book. Students are also told that the
information in the powerpoint files seen in class will have some differences from the
information in the powerpoint files on Blackboard. More specifically, information in class
is less than the one on Blackboard. Information in class is a summary of the most
important ideas and thus attending classes is the most important factor to do well in exams.
Students are told that the bibliography for this course comes from: Websites, History
Books, Science Books, Pseudoscience Books, Science Fiction Books, and Science Fiction
Movies. Thus, if students would like to know more details about the content of the course
that is not in the powerpoint files, or if they would like to read in advance some content
knowledge or read science fiction books or watch science fiction movies, then they should
research in these places:

Websites:
1) AstroPT: http://astropt.org/blog/
2) Wikipedia: http://en.wikipedia.org
3) Space.com: http://space.com/
4) UniverseToday.com: http://universetoday.com/
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5) SpaceRef: http://www.spaceref.com/
6) NASA: http://www.nasa.gov/
7) SETI: http://www.seti.org/
8) Bad Astronomy: http://badastronomy.com/
9) Astrobiology with David Darling: http://www.daviddarling.info/
10) Astrobiology at NASA: http://astrobiology.arc.nasa.gov/
11) NASA Astrobiology Institute: http://astrobiology.arc.nasa.gov/
12) Astrobiology Web: http://www.astrobiology.com/
13) Astrobiology Magazine: http://www.astrobio.net/

History Books:
1) Basalla, George: Civilized Life in the Universe
2) Crowe, Michael J.: The Extraterrestrial Life Debate - Antiquity to 1915
3) Crowe, Michael J.: The Extraterrestrial Life Debate, 1750-1900
4) Dick, Steven J.: Plurality of Worlds – the origins of the Extraterrestrial Life debate
from Democritus to Kant
5) Dick, Steven J.: Life on Other Worlds – the 20th century Extraterrestrial Life debate
6) Dick, Steven J.: The Biological Universe – the twentieth-century extraterrestrial
life debate and the limits of science
7) Dick, Steven J. & Strick, James: The Living Universe – NASA and the
development of Astrobiology
8) Guthke, Karl: The Last Frontier – imagining other worlds from the Copernican
Revolution to modern Science Fiction

Science Books:
1) Aczel, Amir: Probability 1 – the book that proves there is life in outer space
2) Clark, Andrew & Clark, David: Aliens
3) Darling, David: Life Everywhere – the maverick science of astrobiology
4) Davies, Paul: Are We Alone? – philosophical implications of the discovery of
extraterrestrial life
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5) Davidson, Keay: Carl Sagan – a life
6) Gilmour, I. & Sephton, M.: An Introduction to Astrobiology
7) Koerner, David & LeVay, Simon: Here Be Dragons
8) Lunine, Jonathan: Astrobiology – a multidisciplinary approach
9) Pickover, Clifford: The Science of Aliens
10) Poundstone, William: Carl Sagan - a Life in the Cosmos
11) Sagan, Carl & Shklovskii, I.S.: Intelligent Life in the Universe
12) Sagan, Carl: The Cosmic Connection – an extraterrestrial perspective
13) Sagan, Carl & Page, Thornton: UFO's – a scientific debate
14) Ulmschneider, Peter: Intelligent Life in the Universe
15) Ward, Peter & Brownlee, Donald: Rare Earth
16) Webb, Stephen: Where is Everybody? – fifty solutions to the Fermi paradox

Pseudoscience Books:
1) Temple, Robert: The Sirius Mystery - new scientific evidence of alien contact
5,000 ago
2) Däniken, Erich Von: Chariots of the Gods
3) Däniken, Erich Von: The Gods were Astronauts
4) Sitchin, Zecharia: The 12th Planet
5) Bergier, Jacques: Extraterrestrial Visitations from Prehistoric Times to Present
6) Châtelain, Maurice: Our Cosmic Ancestors
7) Strieber, Whitley: Communion
8) Mack, John: Abduction – Human Encounters with Aliens
9) Walker, Marcus: Testament to the Truth – UFOs, the biblical connection
10) Plottner, Sean: UFO files out of this world… but true?

Science Fiction Books:
1) Mann, George: The Mammoth Encyclopedia of Science Fiction
2) Hoyle, Fred: The Black Cloud
3) Lem, Stanislaw: Solaris
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4) Voltaire, François: Micromegas
5) Doyle, Sir Arthur Conan: The Poison Belt
6) Gunn, James: The Listeners
7) Le Guin, Ursula: The Dispossessed
8) Heinlein, Robert: Stranger in a Strange Land
9) Asimov, Isaac: Nemesis
10) Asimov, Isaac: Foundation series
11) Clarke, Arthur C: Childhood's End
12) Clarke, Arthur C: 2001 series
13) Card, Orson Scott: Ender's series
14) Baxter, Stephen: Evolution
15) Benford, Greg: Microcosmos

Science Fiction Movies, Documentaries and Series:
1) Documentary: Alien Planet
2) Documentary: Fantastic Voyage: Evolution of Science Fiction
3) Documentary: How Star Trek Changed the World
4) Documentary: Star Wars: the Legacy Revealed
5) Documentary: Evolution of Life
6) Documentary: Last Days on Earth
7) Documentary: Life After People
8) Series: The Universe
9) Contact
10) Hitchhiker's Guide to the Galaxy
11) K-Pax
12) Avatar
13) The Day the Earth Stood Still
14) Invasion of the Body Snatchers
15) Forbidden Planet
16) The Thing
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17) Virus
18) They Live
19) Dune
20) Stargate
21) The Abyss
22) 2001 – Space Odyssey
23) Solaris
24) E.T.
25) Close Encounters of the Third Kind
26) Signs
27) The Arrival
28) 5th Element
29) Blade Runner
30) Dark City
31) The Sphere
32) Cocoon
33) Communion
34) The Fourth Kind
35) Total Recall
36) Red Planet
37) Mission to Mars
38) War of the Worlds
39) Independence Day
40) Aliens
41) Pitch Black
42) Predator
43) Species
44) Terminator
45) Starship Troopers
46) Invader

190

47) Intruders
48) Starman
49) Superman
50) Phenomenon
51) Mars Attack
52) M.I.B. – Men in Black
53) Galaxy Quest
54) Evolution
55) The Faculty
56) Battleship
57) Super 8
58) Race to Witch Mountain
59) Planet 51
60) Wall-E
61) Battle for Terra
62) Cowboys vs. Aliens
63) Skyline
64) Paul
65) Star Trek
66) Star Wars
67) X-Files
68) Dark Skies
69) First Wave
70) Buck Rogers in the 25th Century
71) Space 1999
72) Battlestar Gallactica
73) V
74) ALF
75) 3rd Rock from the Sun
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3.5 METHODS OF DELIVERY
A student-centered delivery method is applied. The classes are delivered in an openforum format, with inquiry, that encourages discussion, interactivity and critical thinking
on the students' part. The instructor acts mainly as a guide. The format allows critical
thinking and permits scientific speculation, in a more informal environment (Oliveira &
Barufaldi, 2009).
At the beginning of each class, 15 minutes are devoted to discussing current news on
the subject of astrobiology. This allows students to understand science as an ongoing
process, erasing some misconceptions about the nature of science (Oliveira 2008).
Most of the classes include game-like activities that make the class a fun learning
environment.
Homeworks have self-reflective and competent thinking questions about astrobiology.
At times, students gather informally to view movies and documentaries.
Students are asked to do self-reflections, there are many minds-on activities, creativity
is encouraged, and active learning is asserted.

3.6 ACTIVITIES
Classes have a lot of activities and discussions.

3.6.1 Classes
As mentioned before, a student-centered delivery method is applied. The classes are
delivered in an open-forum format, with inquiry, that encourages discussion, interactivity
and critical thinking on the students' part (Oliveira & Barufaldi, 2009).

3.6.2 Instructor
The instructor is very informal with the students, and shows that he is always happy,
with a lot of passion for the subject. He is also very engaging. This promotes the
interactivity with the students, and thus encourages discussions.
Obviously it's very difficult to put into words the interaction between the instructor and
the students. It is something that only presence understands.
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The instructor acts mainly as a guide, in order to generate questions/hypothesis for
students to think about. Students need to defend their ideas with consistent, logical, and
rational arguments.
The format allows competent thinking and permits scientific speculation, in a more
informal environment (Oliveira & Barufaldi, 2009).

3.6.3 Presentations
There are 2 classes where students run the classes with their presentations.
The best would be to have more classes like this, but time constraints don't allow it.

3.6.4 Documentaries
At times, students gather informally to view movies and documentaries. These
opportunities take learning to a multimedia level usually not available during class time.
The DVDs viewed include: the movie Contact (1997), the movie K-PAX (2001), the
documentary Fantastic Voyage: Evolution of Science Fiction (2002), the documentary
How Star Trek Changed the World (2005), the documentary Star Wars: the Legacy
Revealed (2007), the documentary Evolution of Life (the second part of Nova's Origins
four-part 2004 documentary), the documentary Alien Planet (2005), the documentary Last
Days on Earth (2006), the documentary Life After People (2008), and several episodes of
the recent series The Universe (2007), particularly the episodes Search for E.T. (2007),
Astrobiology (2008), and Alien Faces (2008). Obviously, the course would like to show,
discuss, and critically analyze many more documentaries, novels, movies, and series
episodes, but there is not time for it.
Students view the science behind the idea of extraterrestrial life, become more
optimistic about finding it than just by analyzing the Drake Equation, and they analyze the
social messages underlying science fiction shows (Oliveira & Barufaldi, 2009).

3.6.5 Discussions
Classes are student-centered, with constant class discussions, most of them started by
the students and their own questions. Ideas and comments are shared on a daily basis.
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3.6.6 News
In every class, before the class starts, the instructor puts a video of mixed images taken
from the Hubble Space Telescope, with a soft uplifting music, in order to put a sense of
peace, unity, astronomy, and beauty, into students' minds. Thus, they know they are
entering an astronomy class that will "blow their minds". While this video goes on the
background, and before class time, the instructor asks the students if they want to share
some news about themselves, or about something they have seen on the news. If not, and
still before class time, the instructor asks the students about their weekend, or about some
issue not related to astronomy/astrobiology.
So, at the beginning of each class, 15 minutes are devoted to discussing current news
on the subject of astrobiology. Every class starts with discussion and critical analysis of
current news. This allows students to understand science as an ongoing process, erasing
some misconceptions about the nature of science (Oliveira, 2008). It allows them to have a
better perception of the nature of science.
In the first classes, students are not yet comfortable in the class, and therefore don't
discuss much yet, but after a couple weeks they start to open up and bring personal news
and astronomical news that they paid attention during the week on TV.
Obviously, it is not possible to include here all the news that we usually discuss,
because every year there are different news coming to each class. However, there are some
news that I bring every year and news that are constantly on television or the internet. For
example, we discuss a lot extrasolar planet discoveries. The discoveries of WASP-18b, of
Gliese 581c, of Fomalhaut b, were widely covered and discussed in class, along with many
other discoveries of exoplanets. The fact that Pluto is not a planet anymore is also
discussed in class. Pluto was "demoted", it is now considered a Dwarf Planet, and thus
there are only 8 planets in the Solar System. We also critically analyze several
pseudoscience claims, like the one on August 27th, of every year, that states that Mars is as
big as the Moon in the sky. Another idea that we discuss is related with the size of the
Universe. We compare the size of the Solar System with the size of the Universe. We
watch videos comparing the sizes of planets and stars. We see astronomical images that
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show the scales in the Universe. We discuss how small we are in this vast Universe. We
also discuss the always engaging topic of sex in space (Woodmansee, 2006a, 2006b).
With about one month of classes, I present students with wonderful news, which are in
fact fake news. My goal in telling fibs to students is to develop their competent thinking. I
do that several times throughout the course, in order to see if students are paying attention
and not falling into the traps of lies. In this case, I tell them a story about the discovery of
an extrasolar planet (true), and the discovery of life in that planet (lie) - the best lies are
hidden in some truth, since by including elements of truth is easier to convince people of a
lie. Thus, I started by using the discovery of Gliese 581c, an extrasolar planet discovered
on April 2007 - it's the third planet discovered around the star Gliese 581, which is 20
light-years from Earth. In subsequent years, I used the recent discovery of other
exoplanets. I tell the students that the Genève Observatory took the picture of the planet although in reality it's an artistic representation. And I also tell them that the Hubble Space
Telescope found life in it. I show the magnified, terrifying pictures of 10 animals, which
are very strange looking: 4 flies, 2 bees, 1 bat, 3 spiders. I also back them up with
magnified images of shrimps, squids, other marine animals, a drop of water, etc. I also
show a fly compared with a human, if the fly was bigger than a human, like Starship
Troopers or B-movies show the animals - the fly would be terrifying. So, these aliens
would be terrifying. All we need to make aliens, is to have a terrestrial being and magnify
it. But the fact is that these are not aliens. These are living beings on Earth that would be
terrifying (they are not, because they are tiny). In the end, I tell the students what they
already figured it out: these aliens are, in fact, beings on Earth. Aliens are us.
Near the end of the semester, we discuss the most important meteor showers:
Quadrantids (January 2 – 5), Lyrids (April 22 – 23), Aquarids (May 4 – 7), Arietids
June (5 – 8), Perseids (August 10 – 14), Orionids (October 19 – 22), Geminids (December
12 – 15), Ursids (December 20 – 23), and the reason why we discuss these news in
November, the Leonids (November 15 – 19).
These were a few examples of news discussed in class. There are many more news
throughout the semester, since each class has a different news discussion.
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3.6.7. Essays
These are take-home short essays for the exams, in order for students to have time to
do competent thinking, where their arguments are the most important. The essays provide
the big picture about that particular section. The essays serve for the students to show
competent thinking and to show that they understand that section of the course. Students
should present a small summary of the strongest points/main themes and do a critical
analysis about what they learned.
The Essays should have the structure of any essay: Introduction - Development Conclusion. The Introduction indicates the direction of the essay. The Conclusion is a
quick summary of the essay giving the conclusion to all the arguments given before. Both
these "chapters" should have around one paragraph each. The Development is the most
important thing in the essay, because it's where the arguments supporting the views are
explained - not just the arguments, but also proving those views with clear examples
throughout history.
In the First Exam, students are asked to explain/describe the patterns throughout
history. While giving a general view of the course, students have to explain the interactions
(opposition, integration, marketing, influence between each other, arguments used, by
whom, etc) between pluralism and religion and/or analogy and/or other faulty arguments.
Thus, some questions to be answered are: How/Why did the interactions changed
throughout history? How are pluralism/analogy/religion, etc, the same? How are they
different? How does history affect the view of science? What does it tell us about Man's
place in the universe? Were the discussions on pluralism really about extraterrestrials? And
so on. Students should use their own arguments, but proving them by using class notes. For
example, if students decide to explain the relationship between religion and pluralism, they
should explain and describe some of the patterns: (1) who were defenders of the
relationship? (2) who defended that they are in opposition? (3) did pluralism influenced
religion? (4) did religion influenced pluralism? (5) did reverends used pluralism or had
opinions about it? (6) did scientists or pluralists from philosophy, etc, used arguments from
religion in their way of proving pluralism? (7) did pluralism intermingled with religion in
certain aspects (sins, reincarnation, etc)? (8) did some authors tried to reconcile both
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aspects? (9) Were there authors that thought pluralism and religion were irreconcilable?
(10) did the relationship between pluralism and religion changed from century to century?
If they influence each other, did that influence changed in some way in certain points in
history? (11) and dozens of other questions that we could answer, with examples, in order
to recognize some patterns throughout history, between religion and pluralism. On this
essay, we try that each student explain the patterns in different relationships throughout
history: pluralism-religion, pluralism-analogy, pluralism-plenitude, pluralism-uniformity,
pluralism-mediocrity, pluralism-observations, pluralism-marketing, pluralism-speculations,
pluralism-beauty, pluralism-scenarios, pluralism-biodiversity, and so on. Basically, each of
them have to explain the relationship between pluralism and one of the faulty arguments
used throughout history.
On the Second Exam, students are asked to evaluate the Drake Equation. Students need
to give a value for every term in the equation with at least 4 arguments explaining the
reasons why that value was chosen - the arguments must be scientific, sound, and
consistent. Based on those values they need to calculate N. Based on N, students need to
find the distance to the nearest communicable civilization, and to calculate the number of
possible two-way communications. Finally, students need to give a brief explanation of
their findings.
On the Third Exam, students need to basically answer 3 questions: they need to choose
4 solutions of the Fermi Paradox that they think are the most probable to answer the Fermi
Paradox and they need to give detailed explanations of the reasons for their choices; they
also need to outline and explain a new possible solution for the Fermi Paradox that is not
one of the 300 solutions given in class; and finally they need to choose the most probable
place in the Solar System, besides Earth, to have life and they need to give a detailed
explanation for the reasons for their choice. As always, it's not their choice that is the most
important, but the arguments that they use in order to fundament their choice.
On the Fourth Exam, students need to write an essay where they have to do a critical
analysis of Science Fiction. Among other things, students need to explain the purpose of
science fiction, they need to analyze the relationship between humans and aliens in Science
Fiction, they need to clearly explain what aliens represent (and how they represent), they
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also need to explore the benefits of Science Fiction in order to better understand human
society, and so on. Finally, students are also asked to write what are, in their opinion, the 5
most common / most important messages in Science Fiction stories, why they are the most
important, and which examples of science fiction show those messages.

3.6.8 Homeworks
Throughout the course there are 20 homeworks, which have the goal to develop
competent thinking, critical analysis, and self-reflexion. Homeworks are made with more
time, with students' choosing the time they wish. Thus, homeworks can provide better
insights into students' thinking and knowledge, as well as students can have better insights
themselves when doing the homeworks (Dunn et al., 2002). Additionally, students received
two points for each homework done, either they did competent thinking or naive thinking,
thus there is no bias in the homeworks for students to think that if they answer in a certain
way they will get a better grade. This makes the homeworks the perfect neutral
assignments to be evaluated.
At the end of the First Class, Homework #1 is delivered to students. The first
homework has the goal to know how the students think about extraterrestrial life. These are
the questions: (1) Define what is an Alien; in your opinion, not from the dictionary; (2) Do
you believe in Aliens? Why? (a) Yes, I was kidnapped by Aliens; (b) Yes, I saw UFOs
already; (c) Yes, I saw Aliens on TV, in some movies; (d) Yes, the instructor is an Alien;
(e) No, Aliens are the product of people's imagination; (f) No, there is no factual scientific
evidence for Aliens; (g) I want to believe. (3) Do you believe they come here? If yes, how?
(4) Draw/Insert a picture of an Alien. What does an alien look like? In the answers, we see
that students have good ideas, but usually they are not consistent. For instances, sometimes
they say that aliens are not like humans, but still they show greys, which means that they
are influenced by science fiction and are not thinking logically (a grey is like a human, it's
a grey humanoid). These are common misconceptions (thinking about aliens like humans)
that are challenged throughout the course. Thus, the course has the goal to make students
progress in their thinking.
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At the end of the Second Class, Homework #2 is delivered to students. Students watch
the episode called Astrobiology, of the television series The Universe. In class, students
learned the 3 principles that are at the basis of every alien discussion throughout history:
Principle of Plenitude, Principle of Mediocrity, and Principle of Uniformity. So, after
watching the episode, students have to give one example in the episode where (section and
time) one principle was implicit. They have to tell which principle is present, how it's
implicitly present, and if the host/interviewee was talking in favor or against that principle
(and explain how). To encourage competitiveness between students and to not allow them
to copy each other, there is a rule: they cannot repeat an example already given by another
student. They can repeat the same principle, of course, but not the same example in the
documentary. So, the faster they do the homework, the better. The deadline is Thursday at
12noon.
At the end of the Fourth Class, Homework #3 is delivered to students. Students listen
to the live original radio broadcast by Orson Welles on October 30, 1938. It was a
Halloween special. The MP3 file is on Blackboard. Then, they have to write a few
comments about this radio broadcast, in the Forum on Blackboard. Thus, students listen
and write a critical analysis of the broadcast. Some examples of questions that they should
think about are: What do you think of the Broadcast? If you had listened to it in 1938, what
would be your reaction? How do you compare it to today? What do you think the
broadcast is about? And many other questions that they may wish to answer. This analysis
has to be made until Wednesday at 6pm, and it's worth 1 point. All homeworks are worth 2
points. So, the second point on this homework comes from the students replying to at least
one comment from a classmate, in a positive civilized way, discussing the ideas. This
should be done after Wednesday at 6pm, until Thursday at 12noon. This was a very
dramatic fake news report. Listening to it now, it doesn't have the same effect, but 74 years
ago it was an innovative news report, which means that people didn't even know that
reports could be faked, and therefore it's understandable that people got scared. The effects
of the broadcast show the power of peer-pressure, the power of group-sociology. Like
agent K on MIB, stated: "A person is smart; people are dumb, panicky, dangerous animals,
and you know it." (Sonnenfeld, 1997). Usually the comments of the students are very
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interesting, mentioning historical facts that contributed to the panic of this broadcast, like
the Great Depression, the World War II, the fear of invasion by the Germans, etc. Some of
them also compare to 9/11, and how this "alien" attack affected the psyche of the people
and how they believed in the news. Some of them say that today we would have other
media to check, like television and internet, but at that time people were limited to the
radio, so they couldn't check other places. Some students start discussing what is true in
news reports. Other students state that they would probably call friends to check if the
news were true; while other students say that if this happened today on TV or on the
Internet, they would fall for it. Some students say that the sound of the aliens breathing is
what most made a fearful impression on them. Other students realize that the aliens are
described as anthropomorphic animals/machines, like our enemies are described in a war
(with no identity or feelings). Some students realize that if a terrestrial virus kill the
Martians, then a Martian virus would kill us on Mars. Most students recognize that this
broadcast had a huge impact due to timing, the human fear of the unknown, and good
acting.
At the end of the Sixth Class, Homework #4 is delivered to students. Students watch
the movie Contact. Then, on Blackboard, in the Forum created under Discussion Board,
students should write a small critical analysis of the movie, and especially write 2 social
different messages that the movie intends to convey (about our life, about our politics,
about our world, about our society, about our morals, about how we should live, about
religion, about the universe, about science, about technology, about love, etc). Students
shouldn't repeat messages previously given by their classmates, and therefore the faster
they do the homework, the better. The deadline is Monday at 6pm.
At the end of the Eighth Class, Homework #5 is delivered to students. Students watch
the documentary Evolution of Life (Harper et al., 2004). Then, on the Forum/Discussion
Board on Blackboard, students should write a critical analysis of the documentary, with the
biggest points in the documentary, without repeating ideas already given by other students
- although students can discuss the ideas in the Forum, in a civilized manner. The analysis
should answer, for instance, these questions: What did you like more? What did you like
less? What were the most surprising moments? What were the most important lessons of
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the documentary? What does it tell us about the evolution of life on Earth? What does it
tell us about the possible evolution of extraterrestrial life? Among other questions that
students can answer to write an analysis. The deadline is Thursday at Noon.
At the end of the Ninth Class, Homework #6 is delivered to students. This

homework

deals with intelligence. There are 3 questions: (1) Define Intelligence, without using
dictionaries, just your opinion; (2) Determine similarities and distinctions between
intelligence in humans and other life-forms. Give examples comparing humans with other
life forms on Earth; (3) Make a ranking of a few life-forms. Start from what you think the
organisms on top should be, and so on, until the lowest organism... under your ranking.
This homework has the goal to make students discuss what is intelligence. They should
recognize there is no consensus for it, and a seemingly easy word can be very complex to
define. On similarities and distinctions between intelligence in humans and other lifeforms, students mainly use comparisons with their own pets, animals connected to the
students in emotional terms (feelings) and proximity. On the ranking, all students decide
that the criteria should be intelligence (although the question does not require it, and thus
they could choose velocity, jump, seeing in infrared, etc). Students usually put at the top of
the ladder the humans, and right after humans, come the animals with a closer proximity to
humans, like monkeys, dogs, cats, etc.
At the end of the Tenth Class, Homework #7 is delivered to students. After discussing
in class the subject of panspermia, including the story of the so-called red rain of Kerala,
we watch the documentary We Are the Aliens. For this homework (deadline: Thursday at
noon), students have to critically analyze this documentary, particularly in terms of these
guided questions: (1) What do you think about the documentary? For you, what lessons
can we take from the documentary? (2) After watching the documentary, what is your
verdict about Panspermia? Do you "believe" it or not? Do you think it's true, or may be
true, or it's wishful thinking...or something else? And why do you think that? (3) What is
your verdict about the Red Rain of Kerala? It came from outside Earth or not? And why do
you think that?
At the end of the Eleventh Class, Homework #8 is delivered to students. Students
watch the documentary Last Days on Earth. For this homework (deadline: Monday at
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6pm), students have to critically analyze this documentary, particularly in terms of these
guided questions: (1) What do you think about the documentary? Give a brief critical
analysis. What did you like more and less? What lessons did you learn? etc... (2) If you
knew that your death had a precise date (due to the detection of a running black hole, or an
asteroid approaching), what would you do in the meantime? (3) Asteroids are good: they
brought organic molecules to Earth that eventually produced life, and they killed the
dinosaurs allowing the evolution of mammals, primates, humans. Asteroids are bad: they
can kill us, wipe out human civilization, at any time. So, the question is: Do you love or
hate asteroids? Why? (4) Give another Armageddon scenario not mentioned in the
documentary. Students should not repeat a scenario already given by a classmate in the
Forum, so the faster they do the homework, the better.
At the end of the Twelfth Class, Homework #9 is delivered to students. Students watch
the documentary Life After People. Students should pay attention to how life evolves and
adapts, and also to how our familiar environments (like Time Square in NYC) would
change very quickly. Students, as always, should see the big picture. For this homework
(deadline: Monday at 6pm), students have to critically analyze this documentary,
particularly in terms of these guided questions: (1) What do you think about the
documentary? Give a brief critical analysis. What did you like more and less? What
lessons did you learn? etc... (2) What do you think is the place of humans in the great
picture of diversity of life on Earth (on land and in water)? (3) The documentary tells what
would happen to the surface of Earth 10000 years after humans disappear. And, at the end,
even mentions, how Earth would be 200000 years after humans disappear. 200000 years is
how long Homo Sapiens have been on Earth. 200000 is nothing in relation to the age of the
Earth (4.6 billion years). If an intelligent civilization lived on Earth 100 million years ago
(if they lived before the dinosaurs disappeared), what evidences would we be able to
detect/recognize now?
At the end of the Thirteenth Class, Homework #10 is delivered to students. Students
watch the documentary Home. It's a work of art, a trip around the world, our planet, and
the life in it. For this homework (deadline: Wednesday at midnight), students have to
critically analyze this documentary. What do you think about the documentary? Give a

202

brief critical analysis, focusing on the theme of the documentary which is the relationship
between humans and their Home (the planet Earth). Furthermore, on Thursday, students
have to vote for the best critical analysis (and explain the reason for the vote on that
particular analysis). The student with more votes, earns an extra point.
At the end of the Fourteenth Class, Homework #11 is delivered to students. The goal of
the Homework is to create a message to send to aliens. Students may say how they would
send the signal/message (laser beams? light? radio?) and how they would encode the
message (Math? Prime numbers? Binary Numbers? Speech? Which language? Drawings?
Pictures? Music?), but most importantly students need to decide what to tell about us,
humans, and to make a message to send to aliens. Basically, students put themselves in the
shoes of a human ambassador, like Carl Sagan, and choose what to send to aliens (with an
explanation for that choice). The message should be sent by e-mail to me, until Thursday at
noon. Like in all the homeworks, it is expected that students are thoughtful. The 2 points of
the homework are only awarded to those students who are thoughtful. Moreover, the best
message gets an extra point. I take the time to reply to every student, and to criticize each
one of the messages; the goal is for students to realize how difficult it is to produce a
message and that there are no flawless messages. Sometimes there are no right answers.
Students need to realize how to criticize their own work. Self-reflection and self-criticism
are great weapons to fight fundamentalism/radicalism. Also, this is how science
evolves/improves - by critical analysis.
At the end of the Fifteenth Class, Homework #12 is delivered to students. Students
watch the episode called Search for ET, of the television series The Universe. For this
homework (deadline: Monday at 6pm), students have to critically analyze this
documentary, particularly in terms of these guided questions: (1) What do you think about
the documentary? Give a brief critical analysis. (2) In your opinion, except Earth, which
place in the Solar System is more probable to have life? (3) What limitations, in terms of
thinking, do you see in SETI?
At the end of the Sixteenth Class, Homework #13 is delivered to students. Students
should outline and explain a new possible solution for the Fermi Paradox. It cannot be one
of the 300 solutions in the class notes, and it cannot be a solution already given by a
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classmate. So, the faster they do the homework, the better. The deadline is Thursday at 12
noon.
At the end of the Seventeenth Class, Homework #14 is delivered to students. Students
watch the documentary Alien Planet. For this homework (deadline: Thursday at noon),
students have to critically analyze this documentary, particularly in terms of these guided
questions: (1) What do you think about the documentary? Give a brief critical analysis.
What did you like more? What did you like less? What were the most surprising moments?
What were the most important lessons of the documentary? (2) Which alien did you like
more and why?
At the end of the Twentieth Class, Homework #15 is delivered to students. Students
watch the documentary Evolution of Science Fiction. For this homework (deadline:
Thursday at 12 noon), students have to critically analyze this documentary, particularly in
terms of these guided questions: (1) Write a Critical Analysis of the Documentary. What
did you think about it? (good and bad) (2) What do you think is the most important
message taken from the Evolution of Science Fiction? (do not repeat or give similar
messages already given by your classmates) (3) Write a quote from the documentary that
you remember, and that struck you as very important or even funny. (do not repeat or give
similar quotes already given by your classmates) (4) Write a quote that I said during the
documentary, showing how important some message was. (do not repeat or give similar
quotes already given by your classmates).
At the end of the Twentieth-First Class, Homework #16 is delivered to students.
Students watch the documentary Star Wars – The Legacy Revealed. Students have to
critically analyze this documentary. Students also have to write 3 different messages that
the movies Star Wars intend to convey (about life, politics, world, human society, morals,
technology, science, love, religion, people, etc). Students cannot repeat the same or similar
messages already given by their classmates. So, the faster they do the homework, the
better. The deadline is Monday at 6pm.
At the end of the Twenty-Second Class, Homework #17 is delivered to students.
Students watch the documentary How Star Trek Changed the World. For this homework
(deadline: Thursday at 12 noon), students have to critically analyze this documentary.

204

Additionally, students need to write one message that Star Trek intended to convey (about
our life, about our politics, about our world, about our society, about our morals, about
how we should live, etc). Students cannot repeat the same or similar messages already
given by their classmates. So, the faster they do the homework, the better.
At the end of the Twenty-Fourth Class, Homework #18 is delivered to students.
Students watch the movie K-PAX. On the Forum/Discussion Board on Blackboard,
students should write a critical analysis of the documentary, with the biggest points in the
documentary, without repeating ideas already given by other students - although students
can discuss the ideas in the Forum, in a civilized manner. Next, students should say if they
believe that prot is an alien. Students should justify their answer with some arguments,
taking in consideration the scenes in the movie: in the hospital, in the doctor's house, in
Robert Porter's house, and the end of the movie when he "beams back". Finally, students
should write one message that the movie K-PAX intends to convey. Students cannot repeat
the same or similar messages already given by their classmates.
At the end of the Twenty-Sixth Class, Homework #19 is delivered to students. This
homework has a more complex structure and can potentially give 3 points to the students thus, it includes an extra point. The question is simple: there is at least one movie showing
the aliens winning at the end. This is the first hint: aliens conquer Earth and Humanity turn
into alien – humans are no longer humans (they are alien clones). Send me by e-mail, the
name of the movie. If students answer in the next 6 hours, then they get 3 points. After 6
hours, I send the students an e-mail with the second hint: the aliens in the movie represent
an hostile evil collective, like the way we saw the Soviet Union during the Cold War. The
central theme of the B-movies was fear: fear of communism (McCarthyism), fear of
totalitarian regimes, fear of nuclear war, etc. Such fears were represented through the
cultural metaphor of aliens. This is what happens in this movie. If students answer in the
next 6 hours, then they get 2.5 points. After 6 hours more, I send the students an e-mail
with the third hint: sleep is an important motif in the movie. Sleep is a metaphor for
conformity, for mental passivity, for intellectual sleeping. People often sleepwalk through
their whole lives - never truly alive. If students answer in the next 6 hours, then they get 2
points. After 6 hours more, I send the students an e-mail with the fourth hint: the original
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movie has a twist in the end, that intends to show an optimistic future. The remake of the
movie, which is what I'm looking for, in 1978, ends by showing that the aliens conquered
the last hope on Earth. If students answer in the next 6 hours, then they get 1.5 points.
After 6 hours more, I send the students an e-mail with the fifth hint: Jeff Goldblum (from
The Fly) and Leonard Nimoy (Spock from Star Trek), are both actors in this movie. If
students answer in the next 6 hours, then they get 1 point. After 6 hours more, I send the
students an e-mail with the sixth hint: the movie shows up in the documentary about the
evolution of science fiction. If students answer until the next class, then they get 0.5 points.
The name of the movie is: Invasion of the Body Snatchers.
At the end of the Twenty-Eighth Class, Homework #20 is delivered to students. The
last homework has 2 questions: (1) Give a critical analysis of Astrobiology. Give your own
analysis of what Astrobiology is - connect with education and critical thinking if you wish,
but it is not required. Tell me your thoughts and feelings about astrobiology. (2) Tell me
what do you think an alien will look like. Draw a picture and send it to me, or send a
picture already on the web; but it must be a picture of what you think an alien looks like,
after everything you studied for this course. This last question is the same question as in
the first class, which indicates that this completes the full circle and closes the system,
when everything is connected.
Besides these homeworks, there are a few more that were designed in these four years.
Sometimes they wouldn't be shown to students, while on other years they were presented
as extra homeworks, if students wished to do them.
Extra Homework #1: Cyrano's space voyages and Voltaire's Micromegas were social
satyrs about human ego, pride and vanity. Another author published in 1726, four
adventures; where at least the first one is very known. This author was inspired by
Cyrano's stories, but his stories were on Earth. Although on Earth, his criticism/satire of
British society can perfectly be compared with alien stories. His stories, all together or just
the first story, turned into several films, a TV series, and even a brilliant mini-series (1996)
where the main actor was Ted Danson. It has also inspired many other novels. Who is the
author and what is the name of his novel? The correct answer is Jonathan Swift's Gulliver's
Travels (1726).
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Extra Homework #2: In August, an e-mail was being forward saying that Mars was
going to become as big as the Moon in the sky. In September, the fear was about the Large
Hadron Collider creating black holes. Now, there is a new e-mail being FWD: "Coming
October 17, Earth will stop rotate and the Sun will rise continuously for 36 hours (1.5
Days). During this time the US will be dark for 1.5 Days. It will convert 3 Days to 2 Big
Days. It will happen once in 2400 years. We are very lucky to see it. Don't miss it!" The
first question, worth 1 point on Exam #1 is: go to the new Forum on Blackboard and write
one scientific reason why this is wrong, why it will not happen. There are at least 3
reasons. The first students to give one reason correct, get 1 point. If you are not one of the
first students, and 3 reasons are already given, you may argue for one of them being
wrong, and then propose a new correct reason. The second question also worth it 1 extra
point on Exam #1 is: There is one Science Fiction novel that deals with a similar story,
where the Earth stops rotating. First hint: the author is one person that we talked about in
class. Second hint: it's a short story, and it's entirely online. Third hint: this story was
turned into a movie in 1936. Tell me the name of the novel and the name of the author. The
correct answer is H. G. Wells' The Man Who Could Work Miracles (1898).
Extra Homework #3: The series Third Rock From the Sun is fun and has a lot of social
comments/criticisms. Keep in mind that, although they are aliens and the show is a
criticism to human culture, it can also be seen as them being foreigners coming to USA
and not understanding some traditions/behaviors/expressions, etc, or interpreting those
things in a complete incorrect way. For American viewers, it should be taken as a selfreflection about those traditions/behaviors/expressions, etc. For 2 extra points (deadline:
Monday at 6pm), watch 5 episodes (from 10 possible choices), and tell me what social
criticism you see there, in each of them. Do not repeat the same social comment already
given by a classmate. Thus, students need to say 4 things per episode: what episode you
are choosing; a very brief opinion about the episode; what is the social criticism that you
see; where does it show up in the episode.
Extra Homework #4: During the astronomical section of the Drake Equation, students
design their own solar system around a star in the night sky, and give the following
information: what kind of star is it, how many planets orbit the star system, what are the
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planets made of, how big are the planets, how much further away the planets are from the
star, what are the atmospheres of the planets, can any planets have life, etc. The goal is to
have a cool homework assignment, where students can be creative, yet still scientifically
accurate in regard to an actual star in the sky.
Extra Homework #5: students go to a session at the observatory at the top of the RLM
building, and have to find a few famous stars and planets in the night-sky.

3.6.9 Other In-Class Activities
There are a lot of discussions in every class, throughout the course. Most of the classes
include game-like activities that make the class a fun learning environment. These are
some examples:
In the first class, for each of us to introduce ourselves to each other, we "play a game":
we have to say two truths and one lie about ourselves, and the others have to figure it out
which one is the lie. The goals are: (1) it allows us to know each other better; (2) it shows
that with limited information, it's difficult to distinguish the truths from the lies; this is
especially valid in the UFO phenomena, but to a certain extent it's also applicable in the
History, Science and Science Fiction parts of the content. To reach these conclusions about
the goals, students have to reflect about what they just did and start showing competent
thinking.
In order for students to have a feel that the course is going to be about competent
thinking, we discuss the news that Mars is going to be as big as the Moon in the night-sky
of August 27th. We discuss that claim, and argue for reasons on why it is false.
In the second class, we do several activities. Students discuss their ideas about what
aliens may look like. Students try to figure it out who was the first person to think about
alien life. Students do the finger-arm-eyes activity, in order to understand what is parallax
(Tyson, 1998, pp. 78). Students discuss which model of the universe allows for the
existence of extraterrestrial beings: the Geocentric model or the Heliocentric model?
Students reflect on why this is important for the course.
In the third class, students try to figure it out analogies that we use in everyday life that
are similar to the analogy used for the plurality of worlds discussion: if Earth is a planet,
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then planets are Earths. On everyday life, we can say that if I am a man, then men are me.
Students also discuss which model of the Universe won the discussion. Copernicus'
universe won the battle against Aristotle's universe. The Cartesian system was a source of
pluralist cosmologies. This idea is discussed in class with the students, with ideas coming
from the students explaining how this could work.
In the fifth class, we do an activity where students have to figure it out the main
arguments in favor of Pluralism. Examples: analogy, religion, principle of plenitude,
principle of uniformity, principle of mediocrity, explanations by scenarios, wild
speculations, wrong interpretations of observations, personal wishes, publicity, etc.
Students reflect on what these faulty non-scientific arguments mean for the discussions on
the subject of astrobiology.
In September, students discuss the fear that the Large Hadron Collider will create black
holes. We discuss that claim, and argue for reasons on why it is false.
Each class, from the sixth class through the thirteenth class, students have to think,
individually and in groups, about arguments to defend a certain number for each factor of
the Drake Equation.
The sixth class starts with an activity that requires the students to think about: What
factors do we need, to know how many advanced civilizations may be in the Universe?
After reflecting individually, the class comes together and discuss the several factors
proposed by the students, and how to put all the factors together in a way that makes sense
(equation).
In the eight class, students are asked what characteristics they would think that planets
need in order to be suitable for life. Although we have no certainties, we can infer certain
habitability parameters for the extrasolar planets by comparing with our Solar System.
Thus, students reflect on the parameters for extrasolar planets to be habitable (suitable for
life). Next we discuss how geocentric these characteristics are, and how they assume life as
we know it. In this class, students also reflect and discuss the concept of habitable zone,
and its geocentric and anthropocentric premises. Additionally, students work in groups
trying to define Earth and what does it mean another planet like Earth. Students discuss
what characteristics an Earth-like planet should have. Students critically analyze these
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concepts and should recognize how anthropocentric they are. At the end of the class, as
already mentioned, students think in groups about arguments to support their view of the
number that should be chosen for this factor in the Drake Equation.
In the ninth class, students start by discussing many questions. Examples: What is life?
Is all life, life as we know it? What tests should be done to detect life? Some inorganic
processes resemble biological processes, thus how can we trust that life is the cause? How
convincing are the biomarkers for life: presence of O2 and CH4 (methane)? How should we
search for life in outer space? Should we examine the delivery by comets and asteroids?
Should we send probes, orbiters, and landers to other planets? Should we project a sample
return mission? Should the space exploration be done with manned missions? How do we
protect our probes with sterilization and quarantine, in order to not contaminate possible
samples? Is panspermia true? Can organic compounds or even life travel between planets?
Some of these questions, and many more, are initially discussed by the students, in order
for students to realize how hard it is to reach a consensus about this subject. Moreover, it
makes students comprehend the subjective nature of the opinions, and at the same time,
understand that although most questions don't have a final answer, it still is important to
rationalize about them. Next, students concentrate on the question: What is life? Students
give and discuss several characteristics that they think make-up life, and try to come up
with a good definition for life. The goal is to recognize that there is no perfect definition of
life. Towards the middle of the class, students try to scientifically rationalize about
alternatives to "life as we know it": Could it be non-chemical life? How could it be? Could
it be based on other elements (not Carbon, or Silicon)? Could life be based on elements
that we do not know yet? Could extraterrestrial life be based on reactions not yet known?
Could it be based on energy alone (disembodied life)? Could life be based on dark matter?
Could it be based on dark energy? Is all this science fiction? And if life was based in one
of these characteristics, would we recognize it as life? And if we are not able to recognize
it, does that mean that it's not life? If we were aliens, would we recognize life on Earth?
Students discuss all these speculations, and argue in favor of their opinions. Subsequently,
students interact in an activity where they find some of the most bizarre and extreme
organisms ever discovered on Earth. This activity is based on a NASA applet called "Alien
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Safari" (NASA - JPL, 2010). To conclude this general view of the evolution of life on
Earth, students discuss the value for the factor in the drake equation related with this
subject. Students discuss arguments supporting their view of FL - fraction of planets
suitable for life on which life actually arises.
In the tenth class, the initial discussion is about how one defines intelligence. What is
intelligence? Students discuss their ideas of what intelligence may be: Is intelligence just a
result of the proportion between brain mass and body mass? Is intelligence the ability to
survive, as every single species do? Is intelligence the capability to adapt the environment
for non-survival goals, as subjective this may be? Is a measure of intelligence the
capability to find food and avoid danger, as the average rodent do and the smartest robot
cannot do it? Is intelligence the aptitude to manipulate objects, to use tools, as several
animals do? Is intelligence related with locomotion, that animals can do, in contrast with
plants? Is intelligence the ability to learn new ideas, in contrast to just be trained to repeat
behaviors? Is intelligence the capacity to think, as many animals do? Is intelligence the
ability to play chess or solve algebraic equations, as computer software does? Is
intelligence the capacity to apply knowledge to different situations? Is intelligence the
capability to reason, in order to solve complex problems, explain and analyze information?
Is intelligence the ability to build radio-telescopes, as SETI assumes for the last 50 years?
Is intelligence the ability to speak, to be able to communicate in a verbal way, even if
animals also have that skill, and the non-verbal communications seem to be much more
important? Is intelligence the ability to feel emotions and to have feelings, as many
animals do? Is intelligence the aptitude for critical thinking? Is intelligence related to
consciousness? Is intelligence a property of self-awareness of self and surrounding
environment? Is intelligence the capability for self-reflection? Is intelligence the talent to
be happy? To conclude the general view of the evolution of human intelligence on Earth,
students discuss about the value for the factor in the drake equation related with this
subject. Students should discuss arguments supporting their view of Fi - fraction of planets
with life where intelligence develops. Students discuss ideas and concepts, and should
realize that there are more questions than answers.
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In the eleventh class, students do several activities. Students discuss the merits and
disadvantages of agriculture. Students discuss the advantages and shortcomings of
technology. Students discuss the double effect of competition and war in the development
of humans. Students discuss examples where the world view of an advanced alien
civilization would be impaired. Students discuss the arguments they think apply best under
their reasoning, in order to arrive at their estimation for Fc .
In the twelfth class, students discuss rational arguments in favor of an High and Low
factor L, the Average Lifetime of Communicable Civilizations. Students discuss the
arguments that they think best apply for an estimation of L.
The thirteenth class is basically a summary of the entire science section. In the previous
class, students were asked to bring to this class all the notes of this section, in order to be
able to perform an activity that lasts the entire class. Students are asked to evaluate every
factor in the Drake Equation. Their focus should be on the big picture, and especially on
the arguments/reasons supporting their values for each factor. In this activity, students get
in small groups and discuss numbers for each of the factors in the Drake Equation. They
should argue in favor of their value, for each factor, by choosing and defending at least 4
arguments to support their views on each factor. In the end, the groups discuss between
each other where they agree, and where and why they differ in other aspects. After
thinking and discussing all the arguments in small groups and with the entire class,
students calculate their estimations. In the end, students are asked to provide a critical
analysis of the Drake Equation. Students should recognize that it has limitations. Students
should provide ways to improve it.
In October, students discuss the claim that Earth will stop rotating. We discuss that
claim, and argue for reasons on why it is false.
In the fourteenth class, students discuss the best places to have life as we know it. The
characteristics of the planets and moons are debated.
In the fifteenth class, students do an activity in order to try to interpret all the different
steps necessary to reach all the information contained in the supposedly alien message. As
expected, even when guided, students are not able to decode the Arecibo message. We do
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several activities related with different messages already deliberately sent by humans to
space.
On the sixteen class, students work on an activity that illustrates how difficult is space
travel with our primitive technologies. They choose 5 different travel methods, to arrive at
5 different destinations. Additionally, we do an activity with KEO, which is a probe that is
planned to departure soon, and to come back to Earth in 50,000 years. It's a time capsule,
that will carry messages from the citizens of present Earth to humanity 50,000 years from
now, when it reenters Earth's atmosphere. Students do this activity in order to send
messages to the future.
The seventeenth class starts with a series of activities. Before any content knowledge,
students are asked to think about several activities, and to question their common
knowledge / assumptions. The first activity is the t'shirt color activity. This original activity
was thought for the first time in the first year that this course was taught, when I, the
instructor, was thinking about an activity that could display peer-pressure, with clear
results at the end. I usually take to class a t'shirt that is gray. Before students entered the
classroom, I approached 90% of the students, and I told them to defend the fact that my
t'shirt is blue (although it's clearly a lie). I don't say anything to 10% of the students
(equivalent to 2 students in a class with a total of 20). Those 10% of students are randomly
chosen by me, or they are chosen due to the fact that they are the last ones to arrive to
class. In class, I tell them that we are going to do some activities, and for that, we need to
agree on several things. Subsequently, I tell them that we should all agree that my t'shirt is
blue. Most of them say they do agree, although the 10% of them say that they don't agree. I
let them discuss the subject, and, especially, I let the other students jump into the
discussion, defending the fact that my t'shirt is blue. In four times that the course has been
taught and this activity has been presented, a total of about 10 students fell under the 10%
category. One male student, Miguel, did not change his mind at all. All others (about 9)
male and female students changed their minds, after the discussion with their peers about
the color of my t'shirt. Thus, the rate of changing their belief, even to an answer that was
clearly not true, is extremely high (90%). The most interesting case was that of a male
student, Josh, who not just completely believed everything that the others said, but he also
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started justifying why he was "seeing wrong"; his explanation was that he was probably
color-blind but never knew. This is clearly a great case that shows two things: the student
was very rational and thus was immediately trying to find a logical rational explanation for
seeing things differently; and he was trying to fit in with the group (as all the other 8 were).
Next, I tell them that this was the first activity, and my t'shirt is gray. And I ask them why
do they think that I did this activity - what do they think that I was trying to show? They
correctly point out the goals of this activity: trying to show with a practical example
starring the students, the power of suggestion, the power of peer-pressure, the power of the
group (any group), the fact that people are easily influenced by others, and the sociology
and psychology involved. This influence is not shown only in marketing, but also in
everyday life when people are in groups. In the end, we cannot take many conclusions,
since this is only anecdotal evidence. However, although anecdotal, we can clearly notice a
pattern: people succumb to peer pressure and group beliefs. Thus, we should be skeptical
in following a group belief. The second activity is about telling a story. I usually ask 10
volunteers to leave the classroom for a few minutes. While some students are outside, I
explain to the students inside the classroom, what the activity is going to be about. The
students outside, enter the classroom one by one. The first one enters and tells a story to
the second one; then the second one tells the third one; then the third tells the fourth to
enter; and so on until the last student tells me (and everybody else in the classroom) the
story. The made up story is this one: "There is an old woman in Toronto, Canada, with 17
sheep, 23 cows, and 4 dogs. During a thunderstorm, 5 sheep and 4 cows died. A few weeks
afterwards a chupacabra attacked 2 dogs 3 cows and 8 sheep. She was so sad that she died.
The woman died with 38 years old". There are several numbers, a complicate story, and a
paradox (old woman with 38 years old), which makes the story difficult to memorize. As
expected, when they pass the information from person to person, some details are forgotten
and many others are changed. Inevitably, the end story is never the one that started:
sometimes the woman is turned into a man, the age of the woman is forgotten, the number
of animals is completely mistaken, the name of the animals is forgotten, etc. I ask the
students why do they think that I did this activity - what do they think that I was trying to
show? They correctly point out the goals of this activity: showing that when stories are
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passed from person to person, they change. In the end, although this is anecdotal evidence,
the fact is that we should not rely on the stories that people tell, especially if they are
repetitions from others. The third activity starts with the students turned around, facing the
wall. Then, I ask one of them to tell us what another student looks like: color of hair, color
of eyes, glasses, etc. This question is repeated several times to different students. Mostly,
their answers are vague, and thus they can't give detailed descriptions of the other students.
Finally, I ask them why do they think that I did this activity - what do they think that I was
trying to show? They correctly point out the goals of this activity: showing that we don't
observe others with details. In the end, although this is anecdotal evidence, the fact is that
in class, we looked at each other for more than 30 hours, and yet we cannot know the most
basic things. People don't pay attention to details; people are bad observers. Students do a
few more activities, exposing that people are bad observers, and then we discuss a few
studies made about this subject. We pay little attention to details, and the things that we
notice are sometimes distorted by the brain, which does its own associations and
interpretations. Consequently, this characteristic is very important, because it makes us
very bad observers, who make up details as we go along; we believe we saw them, but
that's not always the case. Thus, we should be skeptical about descriptions made by people
about events that happened to them, especially if those events are brief or are a one-of-atime event. Concluding, we are bad observers, bad memorizers, and bad communicators!
We have several limitations as human beings, not just in terms of senses, but our brain
plays tricks on us. We must realize this, when we analyze stories about UFOs and alien
encounters. Subsequently, students examine several examples of UFO videos.
Furthermore, students critically analyze several UFO stories.
In the nineteenth class, students are asked to think about some solutions to solve the
Fermi Paradox. Then, many potential solutions to the paradox are proposed and discussed.
Some of the solutions were already mentioned throughout the course. We mention about
300 possible solutions, but we discuss in class about 30 of them, the most interesting
possible solutions. Students are encouraged to think about more solutions that are not
included in the 300 list and are guided into discussing several of the solutions in their own
groups and come up with the explanations for those solutions.
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In the twentieth class, students analyze several modern scientific fiction works,
concentrating on their messages, the lessons that they tried to convey with the overall work
and with their dialogues. To do that, students analyze the story in general and also discuss
some of the quotes. These discussions are done in class, as activities with the students.
From the 21st to the 25th class, students discuss hundreds of quotes from science
fiction works - novels, movies, and series. Students look for meanings in those quotes.
In the twenty-first class, a discussion arises from this question: if we were picking an
emissary to send to an alien culture, would an atheist be automatically disqualified just
because most of the population in the world professes a belief in God, or in at least some
form of supernatural creator? Another question discussed in class: who would we pick to
be our emissary with an alien civilization?
In the twenty-second class, we analyze each of the Star Trek series, selecting some of
its episodes for discussion in class. For example, in one of the episodes, Captain Kirk
needs to decide if he should save a person or not. In class, we discuss if we should save the
person we love, even if that means the death of millions of people? Interestingly, in classes
in USA, the more rational position is chosen, and Edith Keeler is let die; while in Portugal,
the more emotional position was defended, and Edith Keeler is saved. This shows some
cultural differences when doing the activities.
Students also watch some episodes and documentaries about Star Trek and Star Wars:
the documentaries analyze the science and the social messages underlying the
episodes/films. Students discuss those messages.
In the twenty-fifth class, among many other discussions, we debate if prot is an alien or
not. As always, it doesn't matter the opinions, but the arguments used to support a specific
view.
In the twenty-sixth class, we do a series of groups activities, which give a couple extra
points to students. Students are put in pairs. Students answer a questionnaire from NASA
called "Science Fact or Fiction" (NASA - JPL, 2010). Next, students play the NASA game
called "Lost on the Moon". It's a NASA activity adapted in-class to 10 items that states
that: "Your spaceship crashed on the Moon. You were scheduled to rendezvous with a
mothership 200 miles away on the lighted surface of the Moon, but the rough landing has
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ruined your ship and destroyed all the equipment on board except for 10 items. Your
crew's survival depends on reaching the mothership, so you must choose the most critical
items available for the 200-mile (300 km) trip. Your task is to rank the 10 items in terms of
their importance for survival. Place a number 1 by the most important item… through
number 10, the least important". Subsequently, students have to decide if they sign the
petition to Ban Dihydrogen Monoxide. This is water. The game intends to show that
people are gullible in the face of fear-mongering. Next, students watch several YouTube
videos and answer questions on scientific knowledge, asked on TV quiz programs, and that
people answered incorrectly proving that scientific knowledge is low in the general
population. Examples: (1) Which one orbits the Earth? Choices: Moon, Sun, Mars, or
Venus? (2) What is the largest planet in the Solar System? Choices: Venus, Mars, Jupiter,
or Saturn? (3) Which of the following is the largest? Choices: Peanut, Elephant, Moon, or
Hey, who are you calling large? (4) What is the name of the first NASA Space Shuttle? I
give an hint to students, and tell them that it's also a Star Trek ship. The correct answer is
Enterprise. (5) Name all the planets in our Solar System that human astronauts have
walked on. This is a tricky question. The correct answer is Earth. (6) What is the only
continent that is also a country? This was a wrong question asked on TV. There is no
continent that is also a country. Wrongly they said that it is Australia, but it is incorrect.
Australia is a country. Oceania (Australia + New Zealand + New Guinea + …) is the
continent. (7) Which of these U.S. Presidents appeared on the television series "Laugh-in"?
Choices: Lyndon Johnson, Richard Nixon, Jimmy Carter, or Gerald Ford? This was a
million-dollar question asked on a TV program. The answer is Richard Nixon. Next, we
watch a couple videos of people on TV stating that they don't know if the world is flat. The
question to students is: What is wrong with this? What are the evidences to the opposite?
After students discuss this, I give them the answer: Aristotle proved that the Earth was a
sphere, almost 2500 years ago, with a series of evidences: stars gradually disappear from
the sky and others show up as we go South; ships disappear gradually over the horizon; as
we travel around the Earth, we don't fall; the shadow of the Earth on the Moon during an
eclipse; photos from outside Earth. I make sure that students understand that this is not a
"religious war". This is science; this is reality. We should be tolerant to others, although we
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should not ignore the evidences; we should not fall into the traps of extremism, being
intolerant to others or negating the evidences. Subsequently, we watch a video of Mike
Huckabee saying several incorrect things about the Theory of Evolution. Students need to
indicate and explain the misconceptions in his speech. Afterwards, we watch a 2008 video
with Republican Presidential candidates stating their views on Space Exploration. Students
are asked what are the advantages of space exploration. This gives students the notion that
the themes are related to society. This entire class is completely filled with activities, and
can be seen as a summary of the entire course, with general scientific knowledge and
competent thinking coming together.
The twenty-eight class is the last class. Besides anonymous feedback and a cake (figure
3.6), students have to answer several posters that are spread throughout the classroom. The
goal is to wrap up the class with a cool activity that makes students self-reflect on what
they learned throughout the entire course. The posters have these questions/themes: (1)
What was the most significant thing you learned in this class? (2) From the History part,
which person do you think was more important in the extraterrestrial discussion, and why?
(3) From the Science part, what would be your solution to the Fermi Paradox? (4) From the
Science Fiction part, which message do you feel is the most important? (5) What does an
Alien look like? Represent an Alien! Students self-reflect on what they learned, and they
answer these questions, in a very informal class, while they eat cake and celebrate the end
of the semester.

3.6.10 Extra Activities
There are several extra points awarded throughout the course. Most of them come from
attending DVD sessions. Students should attend the optional DVD sessions outside class
time. Each attendance gives an extra point. This is an important safety net that students
should take advantage of. These awards help keep students motivated and engaged in the
class (Oliveira & Barufaldi, 2009).
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3.4 STUDENT FEEDBACK
The feedback from the students comes from anonymous feedback forms, from informal
talks with students (Oliveira & Barufaldi, 2009), and from an analysis of the students' work
throughout the course. This feedback is anecdotal, but it already give us some idea of how
the course is being received.
As in other similar courses (Brake et al., 2006), students seem to better understand the
nature of science after the course, they seem to have a wider scientific content knowledge,
and they seem to have evolved in terms of competent thinking.
In class, students seem to evolve throughout the course. The discussions are more
lively as they feel more comfortable in sharing their ideas during the discussions. Students
also seem to improve their competent thinking: this is seen in activities where I
deliberately lie to students, in order for them to not fall into the lies of pseudo-science. It's
also seen in the activities where I bring pseudo-science news into the classroom. They also
evolve in doing the homeworks, with more logical and comprehensive answers towards the
end. We see the same trend in the essays. Furthermore, the critical analysis of
documentaries and science fiction works tends to be more thoughtful. Moreover, in terms
of news, after a couple weeks, students start to bring their own news, they become more
attentive to astronomical news, and they start discussing those news in the classroom, on
their own - and they expect rational, competent thinking arguments from their peers.
Additionally, informally we can see an evolution towards the scientific side, for example:
(1) in the t'shirt activity where a male student tried to rationally explain why he was not
seeing the color blue (although there was no color blue, since he was being fibbed by the
classmates) ellaborating a very complex explanation where he may be color-blind, (2) in
the continuously discussions and homework answers by a new age female student who
gradually shifted towards the inclusion of scientific ideas, (3) in how a creationist female
student left those beliefs towards a more scientific approach, and (4) in how several
students told the instructor after the end of the semester that they were thinking on
changing their major and minor towards scientific subjects. Finally, by comparing the first
and last homework, we clearly see that they evolved in their way of thinking about
extraterrestrial life - their thoughts at the end are much more complex, thoughtful,
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dynamic, and with less certitude (thus, more tolerant, more open, to other ideas) than at the
beginning of the class. However, this is all informal, anecdotal evidence, and does not
scientifically prove the benefits of this astrobiology course.
Student evaluations of the astrobiology course, including comments of the students on
the student feedback forms (course instructor surveys), indicate that students perceive
classes as "motivating", "engaging", "extremely informative", "fun", "very interesting",
"meaningful", and "exciting". Students believe that "the course is very well organized",
"taught in a very enthusiastic and passionate way", with "insightful and useful knowledge",
where the "debate and opposite opinions are appreciated". The students also "love the
teaching style" used by the instructor of the course, which they characterize as "well
prepared", "trustworthy" and "knowledgeable" - a scholar.
Students report that they complete the course with a feeling that they "evolved in the
knowledge about science", "understood how incredible science is", "see science as a neverending process", "developed tools to critically approach" different scientific subjects, and
were able to develop their own opinions about science in general and astrobiology in
particular in a more "robust, comprehensive, and scientific" sense. In addition, they state
that the course helps them to "think outside the norm". In the words of one of the students:
"I think the class serves as an eye opener, providing a platform for critical analysis of alien
life and the possibilities there in".
The main complaint reported by the students focuses on the amount of content included
in the course. They struggle in the beginning, due to being overwhelmed with information.
Their perception is that they "have to work hard" for this course, that the "course covers
too much information" and that they "expected less scientific content than what is in reality
part of the extraterrestrial life subject". Despite these complaints, in the end, most of them
persist, are successful, and obtain excellent grades.
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CHAPTER 4: METHODOLOGY

My contribution to solve the problems of scientific literacy, by addressing the
characteristics mentioned in the Literature Review chapter, was to develop and teach an
astrobiology course at the Center for Science and Mathematics Education at The
University of Texas at Austin. The course was taught for four years, and it was
summarized in the previous chapter.

4.1 PREVIOUS THINKING
"Design in qualitative research is an ongoing process that involves "tacking" back and
forth between different components of the design" (Maxwell, 2005, pp. 3). Thus, it's not
surprising that this happened also in this study, with the ongoing process making me rethink strategies.
I started by thinking that the evaluation of this study should be done by utilizing
scenarios / case studies / model eliciting activities. Those scenarios would be firstly
evaluated by several experts on that subject, and then they would be compared with the
students' answers in order to see if the students were able to critically analyze the scenarios
in a similar way. Students would have to provide a critical analyzes on these controversial
issues; they would have to reason about them, and make logical, rational arguments,
criticizing the scenario, discussing the strengths and weaknesses that they would see.
However, using scenarios with students that have attended the class is not an ideal situation
for two reasons: most students already graduated from college and thus changed their email address, so I am not able to contact them anymore; and all students already left the
course several years ago, so it wouldn't be reliable to relate their current thinking about
those scenarios with a course taken for a few months several years ago.
In the past, I also toyed with the idea that it would be excellent to compare the results
from the students in the astrobiology course with the results of students in other courses,
and analyze the differences. However, this may not be fair to the other courses, since their
goal from the beginning is not to develop competent thinking of the students but simply
provide them with some content knowledge.

221

4.2 RESEARCH DESIGN
The intent of this study is to analyze whether the goal of developing competent
thinking from scientific and social perspectives is achieved by considering alien life. In
particular, the idea behind this study is to determine the effectiveness of the astrobiology
course in enhancing competent thinking skills among students.
In order to evaluate the competent thinking of the students, a descriptive qualitative
design with a basic statistical/quantitative analysis is the most appropriated. More complex
statistical analysis are not appropriate. For example, there is no need for a T-Test since
there is no comparison between 2 groups, and there is no purpose for error bars (error
intervals) since the students in this course are the entire population of the study. Thus,
descriptive statistics are appropriate for this study, not inferential statistics.
It is a qualitative study, an exploratory study describing the changes in students
throughout the astrobiology course. The goal is to describe the changes of the students, in
terms of competent thinking, over time. This is a Case Study, using the students in the
astrobiology course. A quantitative analysis comparing with other groups will come on
further research, but it's not the purpose of this study.
For this study, the main research question to be asked is: Do students change their
perceptions of extraterrestrial life as they progress throughout the astrobiology course? The
hypothesis is based on an innovative astrobiology course that was designed and taught in
order to improve the scientific literacy of the students. Thus, this study intends to
determine the effectiveness of the course in enhancing competent skills among students.
The variables of this study are the homeworks throughout the semester, and the type of
thinking (competent vs. naive) that students show.
A series of "snapshots" of homeworks will be analyzed (Maxwell, 2005, pp. 22). The
effectiveness of students' works will be determined by indicators of competent thinking
skills. Thus, the purpose of using qualitative research is to understand participant meaning
(Morrow & Smith, 2000), in order to evaluate their competent thinking.
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4.3 RESEARCHER INVOLVEMENT
In qualitative research, the researcher is the most important instrument (Youker, 2002,
pp. 46; Klepper, 1998, pp. 26; Ely et al., 1991), since he is the one making the decisions on
how to sample, data collection, how to analyze the data, etc. So, it's important to
understand the perspectives, the values, the beliefs, the life experiences of the researcher.
My views on education, science education, probably come from my own life experience.
I am Portuguese, although my parents always lived in France. Not living with my
parents probably gave me an independence that shows in the way I think: independent
thinking, on my own, trying to innovate on things that I think need change.
The fact that my parents went on their own, without even knowing the language, to
another country, included in me a sense of rebellion, a sense that there is other ways to live
life besides the one that society expects people to do.
I was born in 1973, and in 1974 in Portugal there was the Revolução dos Cravos
(Carnation Revolution), a peaceful civil revolution, which turned a Dictatorship into a
Democracy. I was a baby at the time, but I'm pretty sure that the culture of change and
optimism that was present in the years after the revolution helped me believing in change,
participation, and agency.
I am an only son that lived with his grandparents and godparents. I didn't feel that I was
ever lonely. But the fact that I had a lot of alone time, led me to not fear doing things by
myself, to read a lot about different things, and to play a lot with my imagination. All these
attributes are still embedded in me, and can also be seen in the astrobiology course.
I always lived (where I was raised and grew up) in a street in the middle of Porto, the
second biggest city in Portugal. The street is filled with poor families and people with a lot
of social problems (like drug use, alcohol addiction, etc); even the houses are old,
sometimes missing basic sanitary functions, like restrooms or bathrooms. Unsurprisingly,
the literacy is very poor. The street is almost a family where everybody knows each other.
With my age (or one year older or one year younger), there were more than 100 neighbors.
Those were my friends when I was growing up, and they are still my friends (on Facebook,
for instance). In 100, only 3 of us went to college. I was proud of my accomplishment, but
I kept contact with everybody, especially because we continued to play football all together
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and to hang out in the afternoon and at night. This may show a bridge between two
cultures: the academia (that I was attending) and the general population; the literate elite
and the illiterate masses; the ruling class and the working class.
While I was growing up, I attended a Christian school. At the end of the street that I
lived in, there is a Christian school: Salesianos. I attended it for 14 years, until I left for
College. My interest for religious discussions comes probably from the experiences on that
school. My interest for a multidisciplinary approach probably comes also from attending a
Christian school that taught me how to think scientifically.
Since I remember, I was always interested in aliens, in Disney stories or in television
movies and series. Thus, astrobiology, science fiction, considerations about the long-term
future of mankind, and a passion for imagination has been with me always. It's not a
surprise that the course that I designed reflects that.
At 18 years old I went to college in Portugal. The 5-year undergraduate degree was in
Business. I do not regret that degree, but I have to recognize that it was decided under the
pressure of professors, family, and society in general. I got the impression that there were
two cultures, scientific and social, and the scientific one was not a good option. The time in
college allowed me to grow up as a person, and to see the traditional teaching perpetrated
in college degrees. It also gave me knowledge from several social sciences, like marketing,
sociology, psychology, history, finances, etc, which helped design a course that includes
the social sciences - thus, this was important for my multidisciplinary approach.
When I left college, I started working as an I.T. teacher - a job not related with my
passion for astrobiology or my degree in Business. But it started here my passion for
education - which I never had before. This job made me realize that teaching and being an
educator was my call. Additionally, it gave me more experience from other areas of
expertise, like I.T. and management, since when I left this job 3 years later, I was already
managing the I.T. section of the enterprise. Thus, once more, this contributed to my
multidisciplinary approach.
Three years later, I received a huge offer to be a financial manager in a big enterprise in
Portugal. I declined the offer, to become a volunteer for about 6 months. This showed that
I do not follow what society expects, but I make my own life.
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After being a volunteer, I decided to follow my passion: astronomy. I did not want to
have a traditional college education anymore, so I decided to travel to the United Kingdom
where I took a degree in astronomy, science communication, and science fiction, where I
had formal classes about, for example, the media, journalism, science in general,
astronomy, biology, physics, cosmology, science fiction, and astrobiology, which all
helped design the course in terms of science and media-related issues. Classes were fun,
with a lot of discussions, and with astrobiology subjects among other subjects that
promoted

imagination,

rational

arguments,

and

a

multidisciplinary

approach.

Unsurprisingly, this is my view of what science education should be. While being a
student, since I needed to pay my expenses, I started working as an I.T. teacher. I also
worked in the outreach project of the University, where I would take mobile planetarium
shows to schools in the South Wales area. As we can see, I was never confined to the
Academia only, neither I was confined to the science knowledge, thus I was making the
bridge between the two cultures at the same time that I was adopting a multidisciplinary
approach to life.
At the end of my second year in college in the United Kingdom, I decided to have an
experience as summer work in USA. I spent 4 months in Baltimore working as a
planetarium host in an astrobiology show. Not just this shows my independence and
initiative, but it also shows that I pursue my passion for astrobiology. This job also gave
me other experiences as an educator in an informal science education site, working
alongside professionals and volunteers, which also contributed to my multidisciplinary
approach.
In the meantime, I won two European Space Agency contests, which allowed me travel
to ESA centers in Europe.
Subsequently, I came to the University of Texas at Austin in order to pursue a PhD in
Science Education. While in here, I worked for two years as a teacher assistant in a very
traditional and boring "search for life in the universe" course and for five years as a teacher
assistant in an appealing "introduction to astronomy" course. Thus, I was a teaching
assistant for astrobiology and astronomy classes, for non-science majors, which helped me
understand non-science majors (their troubles in reasoning, their expectations for science
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classes, etc) in scientific subjects related with astrobiology and astronomy. Additionally, I
attended talks and conferences on astrobiology, I frequently talked to different professors
on this subject, I discussed research studies on this subject with investigators, I read a lot
about astrobiology, etc. All this shows that my mind is focused on astrobiology issues.
At the same time, while having doctoral classes, I started developing my views on the
nature of science. I see science as an ongoing, dynamic, evolving, open-ended,
indeterministic, tentative, empirical, cumulative, subjective, social, human process.
Science is also seen as being multidisciplinary and embedded in the culture of the time.
But we shouldn't be hypocrites about science. Science is the best way to understand how
the universe works; science also gives us pretty much everything in our current world.
Gravity, for instance, does not depend on human evaluations or experiences; like Richard
Dawkins said: if people jump from the top of a building, they will fall down, independently
of their beliefs, values, religion, experiences, etc. Thus, science is also objective.
These two views of the nature of science seem to clash, even within the same
university. These two cultures are still prevalent in the education system today. I had
classes both in education and in natural sciences, which allowed me to see that professors
on both sides demonize the other side, stating that the other side doesn't know what science
is: a professor in natural sciences stated that he was the one doing science experiments and
educators had no clue when they talked about science (he professed that science is
objective, a positivistic view of science), while a professor in education stated that she
knew what science is overall and scientists had a limited vision of science solely based on
their own experiences (she professed a social nature of science). The fact that I was
constantly walking in both departments was great for me, because it allowed me to
understand both sides, to recognize that both sides are right in several things, to be tolerant
to opposite ideas, to incorporate both views into my view of science, to make the bridge
between the two cultures.
Finally, I'm also the coordinator of "the" blog in Portuguese language for astronomy
and science in general. Although the focus is astronomy, the blog is multidisciplinary. In
the blog, I manage several collaborators, I communicate astrobiology news, and I educate
the visitors of the blog. The blog allowed me to have a general view of the doubts and

226

knowledge of the population on scientific issues, it taught me their views about science, it
educated me on their attitudes towards science, and it made me realize that what is needed
in society is competent thinking - this is the most important characteristic for an educated
citizenry living on a democratic scientific society.
So, when I designed a college course, I put together all these ideas from my life
experiences, including my passion for astrobiology, my views on the nature of science, the
multidisciplinary aspect of science and life in general, and the vital characteristic needed
for today's and tomorrow's society, which is competent thinking within scientific literacy.
The course was also designed from a non-traditional perspective of teaching, having in
consideration that students would like to attend the class, would be motivated in class, and
would discuss subjects that have meaning to them. The participatory classes would have
minds-on activities, creativity, and active learning. Thus, the course was designed for
students to like the course, and by doing so, to improve their attitudes towards science.

4.4 PARTICIPANTS
For four years (Fall semesters, from 2006 to 2009), there were 55 students taking the
astrobiology course: 18 in the first year, 10 in the second year, 9 in the third year, and 18 in
the fourth year. The students of this course are the participants of this study. In terms of
homeworks, on the first two years (with 28 students), there were only 5 homeworks, so
their analysis is more limited. The third year had 10 homeworks (for 9 students). The most
comprehensive analysis can be done on the fourth year (for 18 students), which had 20
homeworks.

4.5 DATA GENERATION
The data collection comes from the students' works in the astrobiology course
developed and taught at the Center for Science and Mathematics Education at The
University of Texas at Austin. Activities, discussions, presentations, and critical analysis of
the news are not possible to evaluate anymore, since the class is over. Class projects are
very specific and related to students' interests, and therefore are not ideal to measure
students' competent thinking. Exams essays are not ideal either because they are very
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general and related with content knowledge, they are limited by what is mentioned in class.
So, the focus will be the homeworks done by the students.
Homeworks are made with more time (2 to 5 days), and have self-reflective and
competent thinking questions about astrobiology. Moreover, homeworks are the focus,
because most of them require open-ended responses with no specific right or wrong
answers. It is therefore assumed that the homeworks encourage more reflection among
students, encouraging the development of competent thinking skills. In this case,
homeworks can provide better insights into students' thinking and knowledge, and students
can have better insights themselves when doing the homeworks (Dunn et al., 2002), and
thus homeworks seem to be better to analyze the effectiveness of competent thinking.
Additionally, since the homeworks have open-ended questions and thus do not require
a particular correct answer, then there is less bias from the instructor - students do not need
to parrot what the instructor said, because they receive full credit for the homework for any
answer given to it and therefore they can be more confident to share what they really think.
This makes the homeworks the perfect neutral assignments to be evaluated.
The homeworks can be divided into two groups: personal, which are associated with
personal beliefs about extraterrestrial life; and media, which are related with analyses of
media, evaluating claims, considering evidence, and making consistent arguments.

4.6 CREDIBILITY, AUTHENTICITY, CONFIRMABILITY, & VALIDITY
Credibility is an important element in establishing the trustworthiness of a study's
result (Youker, 2002, pp. 52). The interpretation of the researcher has to match the
students' perspectives (Klepper, 1998, pp. 27). This is why this study involves
triangulation of different types of data (Klepper, 1998, pp. 28; Mathison, 1988). This
allows for clarification that the trends and patterns seen throughout the semester are
credible within the students (Bowen, 2005; Schwandt, 1997; Lincoln & Guba, 1985).
Additionally, trustworthiness will also be provided by the meaningful feedback given by
this dissertation supervisor and committee members, and by peer debriefing.
Authenticity has five parts (Youker, 2002, pp. 55; Manning 1997): fairness (students
have multiple opportunities to express themselves), ontological (students notices the
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progression), educative (students understand better the other students participation),
catalytic (actions were inspired by the course), and tactical (students' actions were inspired
by the course). This study based on the astrobiology course has authenticity.
Confirmability refers to the neutrality of the study - the findings should reflect the
focus of the study and not the researcher's bias (Youker, 2002, pp. 58; Lincoln & Guba,
1985). This study hopes to show that neutrality.
Validity includes the previous characteristics (Maxwell, 2005, pp. 9), along with
searching for alternative interpretations, discrepant evidence (Maxwell, 2005, pp. 4).
Theoretical threats to validity occur when the researcher does not address contradictory
evidence or does not explore alternative interpretations of situations or events (Maxwell,
2005). Peer debriefing provides a method for establishing validity. Threats to validity can
also occur as a result of the researcher's own biases and beliefs (Maxwell, 2005). External
threats to validity involve generalization of research results to similar situations and
subjects (Creswell, 1994), which in this study is not going to happen, because of the
uniqueness of this particular course.

4.7 ETHICAL CONSIDERATIONS
All participations are anonymous, since we cannot know anymore which homework is
from which student. Therefore, there was no need to take any IRB action. Since the data is
anonymous and presented in an aggregate format, it doesn't meet the definition of human
subjects research. Therefore, an IRB review and approval for this project was not needed.
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CHAPTER 5. DATA ANALYSIS

The data collection is obtained from the students' homeworks in the astrobiology
course. The homeworks can be subdivided into two big groups, namely personal, which
are associated with personal beliefs about extraterrestrial life; and media, which are related
with analyses of media, evaluating claims, considering evidence, and making consistent
arguments.
The main questions to be addressed are:
1) While progressing throughout the course, do students move conceptually from
more naive responses to a more scientific understanding of life in the Universe?
2) When analyzing scientific news, do students move from more naive to more
sophisticated criticism of the scientific information presented in media outlets?
3) Do students' views change toward the possibility of life in the Universe as a
result of participation in this course? If so, how?
4) Is the astrobiology course effective in terms of enhancing competent thinking
among students?
5) Is there any progression throughout the semester in terms of competent thinking
within the students of this course?
There are many indicators of competent thinking that could be used: complexity of the
answers, instead of "yes-no" answers; sophistication of the answers; the Big Picture in the
answer; deeper thinking, instead of superfluous thinking; consistent thinking, instead of
inner contradictions; no arguments based on fallacies; have basic traditional scientific
content knowledge; gather relevant information; do effective research; understand science
as a complex, tentative, ongoing, cumulative, open-ended indeterministic process, which
is constantly evolving; understand the nature of science as a social endeavor, a human
process; ask questions; consider alternative points of view; generate plausible hypotheses;
have logical strength; have consistency; detect inconsistencies and contradictions;
distinguish between facts and opinions; evaluate evidence by discussing strengths and
weaknesses; assess faulty claims; identify arguments based on fallacies; examine
assumptions; reason with rational arguments; recognize experts; recognize the benefits of
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science and appreciate science as a major human achievement; have a multidisciplinary
approach; challenge the status quo; think outside the box; apply knowledge to situations
that have meaning to the specific student; change the world in a positive way; challenge
own thinking and beliefs; have self-reflection; try to overcome the limitation of everything
being about us (aliens and otherwise).
For this particular study, to evaluate the homeworks, this study will use five seminal
indicators of competent thinking which are part of the attributes of scientific literacy.
These were considered the most appropriate indicators, taken in consideration the type of
questions in the homeworks analyzed. These indicators are:
1) logical strength, with consistent thinking (no inner contradictions)
2) no mistakes, errors, in the critical analysis.
3) arguments based on reason, not on fallacies.
4) evaluation of evidences.
5) sophistication of the answer, with deeper, thoughtful, more scientific opinions,
instead of the more popular, media-driven, views.

5.1 PILOT STUDY 1
5.1.1 Methods
A preliminary analysis was conducted comparing pre-tests and post-tests, which in this
case means comparing the first and last homeworks. Overall, in 2007 and 2009, 24
students answered the first and the last homework. The last homework question is the same
as the first homework, which indicates that the full circle is complete and the system can
be closed - everything is connected. Since the first and last homework ask the same
question (what does an alien look like?), then they are perfect for this pilot. This provides
the framework for the entire course analyses.
For this pilot study, the types of answers that I looked for were:
1) Naive view: if students show a grey (the biggest naive view), an humanoid
being (with a head, two eyes, one mouth, two legs, two arms, etc), a terrestrial
being, or a media-driven answer.
2) Scientific view: if students show a bacteria.
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3) Sophisticated view: if students present an undefined, out-of-the-box thinking,
lifeform, as suggested by the National Research Council (NRC, 2007).

Examples of homeworks with naive views would be homeworks with a grey, a
terrestrial being (like a horse or a snake), or a science fiction being like from the movie
Predator.

Grey.

Predator.

Examples of homeworks with scientific views would be homeworks showing
microorganisms, like these next two possible examples:

Bacteria

Possible microorganisms
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Examples of homeworks with sophisticated views would be homeworks with an
undefined, out-of-the-box thinking, lifeform, like this example:

Undefined lifeform.

5.1.2 Results
In the year 2006, there were 18 students. There were only 5 homeworks, and only the
first homework asked this question. 2 students didn't do the homework, and thus in 16
students: 14 students had a naive view (9 greys, 4 humans, 1 movie Predator) and 2
students had a sophisticated view (undetermined complex shapes).
In the year 2007, there were 10 students. There were only 5 homeworks. On the first
homework, all of them had naive views (6 greys, 1 human, 2 humanoids, 1 from a
computer game). In the last class of this year, students were asked to write in posters what
they thought about aliens - this was an optional activity and no points were rewarded. The
most written phrase was: "Aliens Are Us". The second most popular idea was: "it is
extremely hard to find intelligent aliens". The most interesting fact was that 6 students
decided to draw an alien and nobody drew greys: 1 student drew a humanoid kind of figure
(naive); 2 students put dots, representing microbes or bacteria (scientific); and 3 students
drew weird shape-like forms (sophisticated).
In the year 2008, there were 9 students. There were 10 homeworks, and only the first
homework asked this question. On this homework, one student didn't do the homework,
and thus in 8 students, 7 students had a naive view (4 greys, 3 media-driven aliens seen in
television cartoons) and 1 student showed microbes (scientific).
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In the year 2009, there were 18 students for 20 homeworks. In the first homework, 16
students had a naive view (8 greys, 2 humans, 1 terrestrial horse, 1 from the movie
Predator, 1 from movie District 9, 1 from series Futurama, 1 from series Simpsons, 1
showed the Sun which is clearly a star and not an alien), 1 student had a scientific view
(alien can have different shapes depending on their environment), and 1 student had a
sophisticated view (energy cloud with no particular form). In the last homework, 2 students
had a naive view (1 from movie Predator and 1 from documentary Animal Planet), 9
students showed a scientific view (5 said unicellular life-forms like bacteria, 2 students
brought the scientific notion of panspermia, and 2 students said that alien life will be
adapted to their environment), and 7 students had a sophisticated view (1 student said they
would be energy beings with no constant shape, 1 student said that an alien would not have
a certain shape or body, 2 students said that "we are the aliens", which is a reference to the
message of the course, which means that we are too geocentric when thinking about aliens
and we should enlarge our thinking to hypotheses that we are not familiar with, and 3
students said that aliens would be life-forms totally beyond our current comprehension).
However, for the first pilot study we will only consider the years 2007 and 2009,
because both years have a final homework identical to the first one. Overall, 24 students
did both the first and last homework on both years.
As shown in figure 5.1, there is a drastic change in answers from the first to the second
homework. In the first homework we see a predominance of naive views, while in the last
homework we see a prevalence of scientific and sophisticated views. In particular, in the
First Homework, 22 students (92%) presented a naive view, 1 student (4%) presented a
scientific view, and 1 student (4%) presented a sophisticated view of extraterrestrial life.
On the other hand, in the Last Homework, 3 students (12%) presented a naive view, 11
students (46%) presented a scientific view, and 10 students (42%) presented a
sophisticated view of extraterrestrial life.
In figure 5.2, the data was reversed in order to show more clearly the decline and
increase of the various views in each homework. Following the same trend indicated in
figure 5.1, there is a drastic decrease in naive responses from the first to the last
homework, while the scientific and sophisticated views have increased significantly.
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Figure 5.1 - Comparison of results between naive, scientific and sophisticated views.

Figure 5.2 - Comparison of results between first and last homework
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As discussed in the literature review, both scientific views and sophisticated views
show a great level of competent thinking, the latter surpassing the current scientific
knowledge into "life as we do not know it" as suggested by the National Research Council
(NRC, 2007). Therefore, it is more appropriate to aggregate them as one single group.
Figure 5.3 shows this approach, where scientific and sophisticated conceptions of alien life
as competent thinking ideas have been tested. As seen in figure 5.3, the naive views
decrease substantially from the first to the last homework, while the competent thinking
views show a large increase.

Figure 5.3 - Comparison of results using competent thinking
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5.1.3 Discussion
As we can see by looking at the numbers of all years, in the first homeworks there is an
overwhelming presence of naive conceptions of extraterrestrial life. There is an obsession
with humanoids, especially greys, which is an evidence of how influenced students are by
the media-driven notions of extraterrestrial life. Even the students' explanations are not
sophisticated. Students have good ideas, but usually they are not consistent. For instances,
sometimes they say that aliens are not like humans, but they still show greys, which means
that they are influenced by science fiction and are not thinking logically (a grey is like a
human, it's a grey humanoid). They argue with inner contradictions in their thoughts.
These are common misconceptions (thinking about aliens like humans) that are challenged
throughout the course. In the last homework, we see more variety in the answers, we also
see a prevalence of the most scientific knowledgeable answer (bacteria) and the most
sophisticated idea (an undetermined shape for a life-form, which we can't even conceive),
and their reasons for their choices are more scientific than at the beginning of the course.
Clearly we can see that there is a decline in naive conceptions of alien life, and we can see
that there is a big improvement towards more scientific and more sophisticated notions of
alien life.
Looking specifically at the first pilot study, which included only the years 2007 and
2009 because both years have a final homework identical to the first one, then this study
shows that the relationship between astrobiology and competent thinking seems to have a
strong positive impact.
From the first pilot study, figure 5.1 shows that in the first homework there is an
overwhelming presence of naive conceptions of extraterrestrial life. In contrast, in the last
homework, we see a wider variety in the answers given, with a prevalence of the most
scientific knowledgeable answer (bacteria), and the most sophisticated idea (an
undetermined shape for a life-form, which we can't even conceive). Clearly, figure 5.2
shows a decline in naive conceptions of alien life, and a big improvement towards more
scientific and more sophisticated notions of alien life. When we consider scientific and
sophisticated conceptions of alien life as competent thinking ideas (figure 5.3), then the
change in the students is considerably more perceptible. This is important, particularly
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with respect to one of the indicators of competent thinking skills, mentioned in the data
generation section, which is the "the sophistication of the answer". In other words, this
means that students were able to give deeper, thoughtful, more scientific opinions towards
the end of the course, instead of the more popular, media-driven, views that were present at
the beginning of the course.
In terms of research questions related with the first pilot study, students move
conceptually from more naive responses to a more scientific understanding of life in the
Universe, while progressing throughout the course. There seems to be an evolution
throughout the course, where students move conceptually from more naive responses to
more scientific and more sophisticated notions of life in the Universe. There is a very
significant change in students' perceptions of alien life, in terms of their views of the
possibility of life in the Universe. Thus, the course seems to be effective in terms of
enhancing competent thinking among students. In fact, there seems to be a dramatic shift
in the students' thinking.
However, considering the limited scope of the study, then more studies are necessary.
Thus, a second pilot study was necessary to see if this same trend continued with an
enlarged sample of homeworks.
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5.2 PILOT STUDY 2
5.2.1 Methods
For the second pilot study, five homeworks corresponding to four years (2006-2009)
were analyzed. As mentioned in the data generation section of this proposal, the
homeworks related with the second pilot study can be subdivided into two big groups,
namely personal and media. Regarding the personal group, which is associated with
reflections on personal beliefs about extraterrestrial life, there were three homeworks.
Considering the timeline of the homeworks, the personal group includes the first
homework, which was given during during the 1st class, the fourth homework given at the
9th class, and the fifth homework given at the 16th class. Regarding the media group,
which is associated with analyzing media, evaluating claims, considering evidence, and
making consistent arguments, there were two homeworks. With respect to the timeline, the
media group includes the third homework given in the fourth class. The second homework
given in the third class was not designed for any critical analysis, although it is mentioned
here because it is important to understand the temporal sequence of the homeworks.
Overall, there were 28 classes.
In terms of homework content related with the personal group, the first homework
asked what does an alien look like. The fourth homework asked a ranking of life-forms,
based on what is most important. Here it was considered a naive notion to rank humans at
the top, with the closest animals to humans next, while a competent thinking notion was
associated with an understanding that adaptation to the environment is more important,
which include beings that have lived longer than humans, such as bacteria. The fifth
homework was about sending a message to aliens. In this case, a naive response was
considered when a student replied that a human could speak English with aliens or have
any language conversation with them. On the other hand, a competent thinking answer was
consider to be a message as simple as possible, even based on messages already sent to
space by humans, understanding that all messages will be subjective and have many flaws,
i.e., having self-reflection.
In terms of homework content related with the media group, the third homework was
about students listening to the original radio broadcast made by Orson Welles on October
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30, 1938, and write a critical analysis of the broadcast. In this question, students should
understand that in 1938 this was a very fearful broadcast, which could be compared to
current real events, such as 9/11 or current false events like the lies on the internet about
comet Elenin for 2011 or the supposed Mayan Prophecy for 2012. As in the past, today
people tend to believe in one media outlet and don't think on verifying the information with
other reliable sources. Fear and imagination drive people's emotions. People continue to
commit the same mistake of believing in events at face-value. Thus, students should learn
from the past and have self-reflection about news in the present. If students are able to
realize this, with logical strength, no mistakes, and arguments based on the mentioned
reason, then they are doing competent thinking. On the other hand, if students consider that
the aforementioned broadcast episode happened in the past but could not happen today
because now people are more skeptical, then this is consider a naive view.

5.2.2 Results
Figure 5.4 shows the answers related with the personal group. As seen at the top of
figure 5.4, in the first homework there is an overwhelming presence of naive views, while
in the fourth homework the competent thinking views increase but the naive views still
dominate. However, in the fifth homework, the competent thinking views surpass the naive
views. As seen at the bottom of figure 5.4, there is a progressive gradual decline of naive
views, while a progressive gradual increase of competent thinking occurs, as students
evolve throughout the course.
In particular, for the 55 students that answered the three homeworks, the results show
the following: in the first homework, 3 students didn't do the homework, and thus from 52
students, 47 students (90%) gave a naive response and 5 students (10%) gave a competent
thinking response (2 students gave a scientific answer, and 3 students gave a sophisticated
answer). In the fourth homework, 8 students didn't do the homework, and thus in 47
students, 32 students (68%) gave a naive response and 15 students (32%) gave a competent
thinking response. Finally, in the fifth homework, 17 students didn't do the homework, and
thus in 38 students, 16 students (42%) gave a naive response and 22 students (58%) gave a
competent thinking response.
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Figure 5.4 - Comparison of results for the Personal Group.
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To analyze all the homeworks together in this second pilot, then we need to aggregate
the personal group with the media group. Therefore we need to consider the third
homework, which is related with the media group. Here, from the total of 55 students, 5
students didn't do the homework, and thus from the 50 students that were involved: 31
students (62%) gave a naive response and 19 students (38%) gave a competent thinking
response. The combined data, which includes the personal and the media group, is
presented in figure 5.5. Clearly, we see a progression throughout the course, with the naive
views gradually declining and the competent thinking views gradually increasing.

Figure 5.5 - Comparison of results for the personal and media groups.
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5.2.3 Discussion
With respect to the second pilot study, figure 5.4 shows a decline in naive conceptions
of alien life and an improvement towards a more competent thinking views about alien life
throughout the three homeworks. However, it is only in the fifth homework that the
competent thinking ideas surpass the naive ideas. It is important to note that the fifth
homework, which is the last homework in this partial study corresponds to the 16th class,
which is circa the middle of the course. Hence, the results are not yet expected to make a
significant improvement. In this regard, we could extrapolate the trend towards the end of
the course, which should reveal a higher improvement (figure 5.6).
The personal group (figure 5.4) is an indicator of the sophistication of the answers.
Students gave more scientific opinions in the fifth homework than in the first one. In terms
of research questions, we can answer that while progressing throughout the course,
students move conceptually from more naive responses to a more scientific understanding
of life in the Universe. There is also a change in students' views of extraterrestrial life.
Thus, the course seems to be effective in terms of enhancing competent thinking among
students. Moreover, comparing the first, the fourth, and the fifth homeworks, we observe
(figure 5.4) a progression throughout the semester in terms of competent thinking within
the students of this course.
When we aggregate the personal group, which is an indicator of the sophistication of
the answers, and the media group, which uses indicators of competent thinking, such as:
self-reflection, logical strength, no mistakes, consistent thinking, and arguments based on
reason, we notice again the improvement in competent thinking throughout the course
(figure 5.5). In fact, when we combine both groups we notice that students move
conceptually from more naive responses to a more scientific understanding of life in the
Universe. There is a change in students' views of extraterrestrial life. Thus, the course
seems to be effective in terms of enhancing competent thinking among students. Again, we
have the homeworks ending at the 16th class. We could extrapolate the trend towards the
end of the course, which reveal a higher improvement (figure 5.6).
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Figure 5.6 - Progression of naive and competent thinking views, as a function of number of
classes. The blue and red lines represent linear regression analyses for naive and competent
thinking, respectively.

For 28 classes, and assuming a linear progression, we can extrapolate to what we
should expect if the homeworks had gone until the last class. By extrapolating towards the
end of the course, we would see that only 10% of the students would hold naive views; on
the other hand, about 90% of the students would finish the course with competent thinking
skills. The critical transition point occurs at approximately the middle of the course.
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Overall, both the first pilot study and the second pilot study show evidences that
students transition, from naive views to more competent thinking arguments, throughout
the course.
The exposure to the astrobiology course seems to have a strong positive impact in
developing competent thinking skills in the students. In particular, students move
conceptually from more naive responses to more competent thinking notions of life in the
Universe. However, the transition to competent thinking occurs gradually, and hence a
critical number of classes is required to impact how students' think.
Despite the limitations of this study, the results seem to show that the design of this
innovative course on astrobiology is effective in enhancing competent thinking skills
among non-science major students. Since competent thinking is a domain-general thinking
skill, then the skills learned on this course may be transferred to other areas of the life of
the students, contributing to solve the problem of scientific literacy in the future
population.
A more thorough study should be done for the year 2009, as there were more
homeworks (20) and more students (18) than in previous years. Additionally, the course in
2009 also had more in-class discussions and activities. Overall, the year 2009 should
provide a better picture of the progression of the students throughout the course.
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5.3 MAIN STUDY
5.3.1 Methods
For the Final Study, all the homeworks from the Fall semester of 2009 were analyzed.
Overall, there were 28 classes attended by 18 students. The number of homeworks were
20. Since no homeworks were given during students' presentations classes neither during
exam classes, pretty much in every normal class there were homeworks. The analysis of
the data may reveal patterns and trends that allow us to determine if a progression of
indicators for competent thinking occurs among the students throughout the semester.
As mentioned in the data generation section of this dissertation, the homeworks can be
subdivided into two big groups, namely personal and media. Regarding the personal group,
which is associated with reflections on personal beliefs about extraterrestrial life, there
were six homeworks. Considering the timeline of the homeworks, the personal group
includes the first homework which was given during the 1st class, the sixth homework
given at the 9th class, the eleventh homework given at the 14th class, the thirteenth
homework given at the 15th class, the nineteenth homework given at the 26th class, and
the twentieth homework given at the 28th class. Regarding the media group, which is
associated with analyzing media, evaluating claims, considering evidence, and making
consistent arguments, there were fourteen homeworks. Considering the timeline of the
homeworks, the media group includes the second homework which was given during
during the 2nd class, the third homework given at the 4th class, the fourth homework given
at the 6th class, the fifth homework given at the 8th class, the seventh homework given at
the 10th class, the eighth homework given at the 11th class, the ninth homework given at
the 12th class, the tenth homework given at the 13th class, the twelfth homework given at
the 15th class, the fourteenth homework given at the 17th class, the fifteenth homework
given at the 20th class, the sixteenth homework given at the 21st class, the seventeenth
homework given at the 22nd class, and the eighteenth homework given at the 24th class.
In terms of homework content related with the personal group, the first homework
asked what does an alien look like. Here, it is considered that a naive view shows a grey,
an humanoid being, a terrestrial being, or a media-driven answer, while a competent
thinking view is associated with the scientific view (bacteria) or a more sophisticated view
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(an undefined, out-of-the-box thinking, lifeform). The sixth homework asked a ranking of
life-forms, based on what is most important. Here it was considered a naive notion to rank
humans at the top, with the closest animals to humans next, while a competent thinking
notion was associated with an understanding that adaptation to the environment is more
important, which include beings that have lived longer than humans, such as bacteria. The
eleventh homework was about sending a message to aliens. In this case, a naive response
was considered when a student replied that a human could speak English with aliens or
have any language conversation with them (on Earth, we cannot even speak with other
animals). On the other hand, a competent thinking answer was consider to be a message as
simple as possible, perhaps even based on messages already sent to space by humans, and
understanding that all messages will be subjective and have many flaws, i.e., having selfreflection. The thirteenth homework was about the Fermi Paradox. In this case, a naive
response was considered when a student replied with a scenario that put Earth, especially
humans, as the center of attention of aliens, while a competent thinking view is associated
with the scientific views relating extraterrestrial life or a more sophisticated creative
answer which puts humans in an insignificant position in the entire Universe. The
nineteenth homework was about the students' feelings about astrobiology. In this
homework, a naive response is related with an anthropocentric, media-driven view of
astrobiology, while competent thinking requires a more scientific view of the field of
astrobiology. The twentieth homework asked what does an alien look like. It is considered
that a naive view shows a grey, an humanoid being, a terrestrial being, or a media-driven
answer, while a competent thinking view is associated with the scientific view (bacteria) or
a more sophisticated view (an undefined, out-of-the-box thinking, lifeform).
In terms of homework content related with the media group, the second homework is
about students watching an episode of the series Universe, entitled Astrobiology, and
students need to find where is present a philosophical principle at the basis of astrobiology
learned in class (Plenitude, Mediocrity, Uniformity) and explain why it's not a scientific
argument. If students are able to do this, then they are showing competent thinking. The
third homework is about students listening to the original radio broadcast made by Orson
Welles on October 30, 1938, and write a critical analysis of the broadcast. In this question,
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students should understand that in 1938 this was a very fearful broadcast, which could be
compared to current real events, such as 9/11 or current false events like the lies on the
internet about comet Elenin or the supposed Mayan Prophecy. As in the past, today people
tend to believe in one media outlet and don't think on verifying the information with other
reliable sources. Fear and imagination drive people's emotions. People continue to commit
the same mistake of believing in events at face-value. Thus, students should learn from the
past and have self-reflection about news in the present. If students are able to realize this,
with logical strength, no mistakes, and arguments based on the aforementioned reasons,
then they are doing competent thinking. On the other hand, if students consider that the
aforementioned broadcast episode happened in the past but could not happen today
because now people are more skeptical, then this is consider a naive view. The fourth
homework is about the movie Contact. Students should write two social messages that the
movie wants to transmit. If students give the social messages and explain them with logical
arguments based on the movie, then they are producing competent thinking; if they
produce messages based on New Age beliefs or simple messages taken from the internet,
without any evidences in the argumentation, then they are being naive. The fifth homework
is about students watching the documentary Evolution of life, and making a critical
analysis of it. If students are able to realize from the documentary the big picture of the 24hour clock of the evolution of life on Earth, that humans are not the central part of life on
Earth, the role of cyanobacteria, that bacteria have been here all the time and can live in
"impossible" environments, and that all this can give us lessons to extraterrestrial life,
meaning that it's much more probable that we will find bacteria out there - students need to
do a deep critical analysis with arguments that must have no mistakes, have logical
strength, are based on reason, and are based on evidences within the documentary -, then
students are producing competent thinking by providing the big picture of the
documentary; otherwise, if students only give the popular ideas, then that is considered
naive thinking. In the seventh homework, students need to watch and write a critical
analysis of the documentary We Are The Aliens. This documentary is about panspermia,
notable the Red Rain of Kerala. I have my personal bias in favor of panspermia, and that
may show in class. Since this homework is after the class, I hope that the students are not
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influenced by my bias in favor of panspermia. On the contrary, I hope that students are
able to: indicate the big picture, recognize that this is a flawed documentary with only one
side of the arguments, recognize that there are no evidences throughout the documentary
(there is only speculation), notice several fallacies in the arguments that are similar to those
ones that they learned in the first part of the course (that would mean that they learned
from class, and are able to, by themselves, "make the bridge" to previous classes in order
to detect those learned fallacies), criticize some of the claims based on what they learned in
class, have an opinion based on logical strength and consistent thinking, and argue based
on reason, then they will be applying competent thinking; otherwise, if students allow
themselves to be taken in by the one-sided marketing of the documentary, then they are
being naive. In the eighth homework, students have to watch and write a critical analysis of
the documentary Last Days on Earth. If students are able to realize the sensationalism of
the documentary at the same time that they produce strong arguments based on reason to
defend that asteroids have a double role on Earth (bringing water, organic molecules and
maybe life, at the same time that they can exterminate life), then students are producing
competent thinking. In the ninth homework, students have to watch the documentary Life
After People, and they should realize that humans are not important in the global picture,
humans are temporary; in fact, life would thrive without humans. In the tenth homework,
students watch and write a critical analysis of the documentary Home. Students should
realize how beautiful our planet is, how fragile it it, how full of life it is, and that humans
play a very small role in it. In the twelfth homework, students watch the episode Search for
Extraterrestrial Life, part of the series Universe. Students show competent thinking if they
realize with consistent, logical arguments based on reason that SETI is limited by several
anthropocentric ideas. In the fourteenth homework students watch the documentary Alien
Planet, where students need to explain what was their favorite alien in terms of possible
reality. Students that choose an alien similar to terrestrial beings or similar to media-driven
views show a naive view of the possibilities. The fifteenth homework is about the
documentary Evolution of Science Fiction. In order to show competent thinking, students
need to realize that science fiction is all the human society, and that the marketing was
mostly directed towards young men, with the magazines relying on almost nude female
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aliens. In the sixteenth homework, students watch the documentary Star Wars - The
Legacy Revealed, and they should provide three messages that those movies wanted to
transmit. If students write the messages and explain them with logical arguments based on
the documentary, then they are producing competent thinking; otherwise they may be
simply taking available messages from the internet, without any evidences in the
argumentation (naive). In the seventeenth homework, students watch the documentary
How Star Trek Changed the World, and they should write a critical analysis, with logical,
consistent arguments, providing evidences that the entire series is about the current human
society. If they do that, they are using competent thinking. In the eighteenth homework,
students watch the movie K-PAX. Students should write one message that the movie wants
to transmit. If students give the message and explain it with logical arguments based on the
movie, then they are producing competent thinking; otherwise they may be taking
messages from the internet, without any evidences in the argumentation (naive).
It is important to emphasize that a distinction between the groups is that: the personal
group requires self-reflection, requires that students learn how to criticize their own views
of the world, require more deep thinking about their own ideas - in the literature review
this is considered advanced thinking within competent thinking; while the media group
requires criticism of others, especially the media, which can only be done with a basic
content knowledge of the subjects, consistent rational argumentation, and an understanding
of the fallacies in argumentation (which are not taught in the course, except for the general
historical fallacies in the first section of the course) - in the literature review this is
considered the popular notion of critical thinking within competent thinking.

From the 2009 homeworks, let me show two examples taken from the students'
responses: one characterized as competent thinking and another characterized as naive
thinking, so that it may be clearer how the homeworks were evaluated.
Homework 1 asks what an alien looks like. Naive thinking is sending images of greys,
humanoid beings, terrestrial beings, or aliens seen in science fiction (media outlets). It's
also naive to answer like this example: "Very humanoid. A grey in a spacesuit." Competent
thinking would be to send images of bacteria, to send a drawing of something we cannot
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even perceive what it is, stating that "aliens will be different depending on the environment
they live in", or stating as another student did: "Alien life that we might meet could be
simple unicellular life forms like bacteria or life forms totally beyond our current
comprehension. For this reason I really can't select a picture to accurately describe what an
alien may look like."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. Naive
thinking would be to wrongly apply principles where they do not belong, or to incorrectly
state what the principle means. For example, this answer: "At the end of the third section
and beginning of the fourth section, life on Titan, Jupiter's moon, is discussed. Life on
Titan is thought to be able to exist without the existence of liquid water, but rather either
liquid methane or ethane. This is contrary to the principle of uniformity". The principle of
uniformity is about the laws of nature being the same everywhere, and thus life should be
adapted to the conditions of the environment that lives in. Competent thinking would be to
correctly apply one of the principles in a particular situation in the episode. Example: "On
video 4 at 5:30 minutes in, Dr. Geoff Marcy accepts the principle of mediocrity in order to
make the argument that there are billions of Earth-like planets in our galaxy. Not only is
his argument in favor of this principle, it relies on it. As I understand it, we cannot know
there are other Earth-like planets (for one thing, what/who determines "Earth like"), we can
only guess based on distant observation. By applying the principle of mediocrity, scientists
like Marcy can theorize that some planets we do find will be Earth-like."
Homework 3 requires students to listen to Orson Welles radio broadcast and write a
critical analysis comparing to today. Naive thinking shows up when students don't realize
the impact of the transmission at the time or think that it could not happen nowadays.
Example: "I think that this broadcast is interesting. If I was listening to this broadcast in
1938 I would have the sense to know that it was merely a Halloween special. I believe they
did these things regularly in those times, families would gather around the radio and listen
to wild science fiction or mystery shows. You could easily turn into another station to see
if they too were covering this alien landing. In today's world I think this type of story
would not create a stir at all. Information is way too accessible." Competent thinking
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would be to realize that at the time this was an innovative news broadcast that scared a lot
of people for a a reason, and that today similar stories are planted and believed by millions
for instance in the media outlet of the internet or TV news stations. Example: "The
broadcast's style as a radio program with interruptions updating the listener on the
development of the alien invasion is very effective in making the story sound legitimate.
Despite the fact that a disclaimer is added to the radio broadcast, many people may have
been fooled by the broadcast. Considering the setting when the show broadcast, nearing the
end of the Great Depression and a few years before the beginning of WWII, it is
understandable that a society under the stress of these events may be more likely to believe
a science fiction story presented as fact. People in our modern world are still ready to
believe anything they read in the news, hear on the radio, or see on television, with or
without proof. I believe that all it would take is the coverage of one well-known news
station such as fox, cnn, or nbc to make people today believe a story like this. Remember
9/11 in New York? I think it is a great example of the sense of hysteria the public must
have been facing during that broadcast. If the broadcast was made today, utilizing the most
popular forums (internet, local, and network news stations) I believe it would create
hysteria. People want to believe in extraterrestrials and, as history has shown, will
overlook common sense to believe in what they want."
Homework 4 is about the movie Contact. Students should write two messages that the
movie wants to transmit. Naive thinking is to give messages based on New Age beliefs,
against the nature of science, or messages taken from the internet, without any evidences in
the argumentation. Example from a student: "You always need to hold on to your beliefs
and follow them. And science and religion are not different, both require faith." Competent
thinking is shown when the student gives the messages, they are in accordance with
rational scientific thinking, and the student explains them based on the movie. Example:
"1) The first possible message is that contact with Alien beings will not necessarily be
made via the traditional interpretation/representation it is ascribed in most works of
science-fiction. Extraterrestrials do not have to land on the Earth with spaceships, nor do
they have to be encountered by space-traveling humans in the future. Terrestrial and
extraterrestrial beings may have their initial encounter when a wave of light transmitting
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from Earth meets one transmitting from a distant star, which is the premise of the movie.
2) The second message is more 'earthly', thus more pertinent to contemporary society, in its
intent: bureaucracy, in every sense of the word, can be a great help, or an insurmountable
hindrance, to the search for extraterrestrial life. Although the bureaucrats decided to
continue their support for Arroway (Jodie Foster) in the end of the movie, there were
several times during the film when it appeared that the loss of funding would doom the
continuation of research. Assuming that an eccentric billionaire does not decide to put their
wealth at the disposal of research efforts, national governments are the most viable way to
sufficiently fund such efforts. Bureaucrats have control of those funds, hence bureaucratic
institutions have the ability to either make or break the search for extraterrestrial life."
Homework 5 requires students to watch the documentary Evolution of life, and making
a critical analysis of it. Naive thinking comes from students not able to realize the big
picture of the documentary (the 24-hour clock) and continue to think that humans are so
important in the more than 4 billion years history of evolution of life on Earth. Example:
"There was nothing really surprising to me in this documentary. The one thing I liked was
the excuse needed to create a powerful gun." Competent thinking comes from the students
understanding the big picture of the documentary, that humans are not the central part of
life on Earth, and the role of bacteria, with arguments based on the documentary; and how
this teaches us for the possibilities of extraterrestrial life. Example: "One of the most
important lessons I was reminded of was that life made this planet suitable for more
diverse life. I liked how the format of the movie was made into a 24-hour time analogy. It
really puts our life compared to Earth's life in perspective. It's unbelievable how young we
are compared to the planet. I really like how the movie covered many methods of finding
early life, the deep caves and the sulfur caves, not just one. I was surprised to hear that our
existence and respiratory system depends on the cyanobacteria's ability to produce oxygen
for several billion years to create the atmosphere we can live and breathe in. An important
lesson from the documentary is the emphasis of how life began in such inhabitable
conditions from such tiny organisms. I believe this makes it much more possible for life to
exist on other planets. Planets that seem inhabitable (like ours) just need time for things to
happen (comets, tiny bacteria, etc.). I like this idea because if we open up our minds to
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thinking that the ingredients for life came from “out there,” then the ingredients for life are
still out there. Perhaps those ingredients (which could vary depending on the place) are
waiting for a planet to have the right conditions that will allow the seed of life to grow."
Homework 6 asked a ranking of life-forms, based on what is most important. Naive
thinking is to rank humans at the top, with the closest animals to humans next. Example:
Humans - Primates - Dolphins - Dogs/Cats - Rodents - Bugs - Snakes - Fish - Plants Bacteria. Competent thinking is associated with an understanding that adaptation to the
environment is more important, which include beings that have lived longer than humans,
such as bacteria. Example: Bacteria - Insects - Fish - Birds - Reptiles - Apes - Humans.
Homework 7 requires students to watch and write a critical analysis of the documentary
We Are The Aliens. Naive thinking is if students let themselves be taken by the one-sided
marketing of the documentary in favor of the Red Rain of Kerala being proof of
panspermia. Example: "Very interesting documentary, it was dramatic with the music, gave
you a more eerie feeling watching it. I felt it was missing a very important part, I would
like to hear what the Indian Scientist would have to say, as to the planetary NASA dude
claiming the red rain to be red algae. I believe the NASA guy is just trying to cover things
up like the government always tries to do. I believe the red rain came from space. I don't
find it realistic that red algae can fall out of the sky in such a vast quantity for the amount
of time that it did. My conclusion: it's extraterrestrial." Competent thinking is if students
recognize that this is a flawed documentary with only one side of the arguments, recognize
that there are no evidences throughout the documentary (there is only speculation), and
notice several fallacies in the arguments that are similar to those ones that they learned in
the first part of the course. Example: "The documentary was an interesting compilation of
theories, but I wished these theories had more opposing views. For instance, at the end of
the video, there was a short interview with a man from NASA who disputed that Red Rain
came from outer space and mentioned that it's more likely caused by organisms from Earth.
There wasn't any data shown to support his claim so I had to Wiki it, and the article went
more in depth about how it really is caused by spores and red algae in the rain. I do not
believe the red rain is extraterrestrial, and I think Lewis and his colleagues know how
shaky their "science" is. They seem to be controlling the tests and the interpretations by
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disallowing peer reviews and including some basic tests. In the documentary they never
speak to the duration and recurrence of rain, something that seems really important in this
question. If it happens in once location for a long period and has happened in that location
more than once, it seems like there is some relationship between that (terrestrial) location
and the phenomenon. I believe the tiny organisms in the Red Rain of Kerala came from
Earth. There is more data supporting that it didn't come from outer space. People who have
studied different biological kingdoms note the similarities between the organisms found in
Red Rain and spores/red algae. It is more likely that the color of the rain came from local
sources (rivers/oceans) containing red algae instead of outer space. So my main criticism is
I would have liked to have seen an equal amount of data from both sides."
Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Naive thinking happens if students let themselves be
pulled by the sensationalism of the documentary. Example: "These types of movies are so
depressing and make me more paranoid than ever. On a different note, I'm glad the
documentary gives several options of possible annihilation of the human race rather than
just one, though. It's really sad to know that humans have a better chance of destroying
themselves than anything else. Not to mention that we know a giant asteroid is heading our
way." Competent thinking happens when students are able to realize the sensationalism of
the documentary and/or the messages that it wants to transmit to us. Example: "I thought
that the documentary was very interesting because it made me realize how vulnerable we
really are. I had never seen all of the possible disaster scenarios in one show. My favorite
scenario is the super volcano erupting. I really doubt that nuclear war will destroy the
planet, but there are way too many nuclear weapons in the world to rule it out completely.
Do we know how we are going to die and when? No, not really, so it was a reminder to
live in the moment, and to remember what is important in my life. I have a poster in my
room of a Gandhi quote, saying: "Live as if you were to die tomorrow. Learn as if you
were to live forever." Since this quote is what I look at everyday, I felt I lived somewhat in
this manner. Yet, after watching the documentary, and considering all the ways life could
come to an end, I learned I don't live in that manner at all. I realized I need to enjoy life to
the fullest, since we never know when our time is going to be up. The only problem I had
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with the film was the reporter girl acting as if the events she described were actually taking
place. And why did they have to rank them? Who's to say whether a certain doomsday
scenario holds more validity, or has more of a chance of occurring than another?"
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Naive thinking happens if students think that humans are
crucial for life on Earth (either thinking that humans are the best or the worst) and/or
believe that evidences for humans will last indefinitely and/or focus on details not relevant
to the big picture of the documentary. Example: "I think that humans are really a lot like
pests to the other creatures on Earth. We have taken over many animals' homes, destroyed
their habitats, and molded the world to the way that we want it. I loved seeing the bears,
lions, and wolves having a party. I thought the documentary left out important details, like
how did humans disappear." Competent thinking is shown if students realize that humans
are not important in the global picture /humans are temporary, and in fact, life would thrive
without humans) and/or realize that the documentary shows that little or no evidence
would be of human' accomplishments in hundreds of millions of years. Example: "I
thought this documentary was very interesting. I think that it's crazy that the Earth would
recover so quickly from human influence. According to the documentary, nature over takes
it's natural path. I liked how they provided real examples like the pyramids/sphinx and the
Chernobyl disaster to illustrate how nature can reclaim the environment. The world would
go on without a trace of humans after an insignificant amount of time in terms of the
lifetime of the planet. So, I think humans are very insignificant in the world. If an
intelligent civilization lived on Earth 100 million years ago there would be no way of
knowing. There is barely anything left from civilizations that lived 500 years ago, so to
think that anything could be found is illogical. Everything would have decayed by now.
This assumption is not based entirely on the idea that anything they left behind would be
destroyed by merely the passage of time, but also on the idea that external factors, such as
asteroids and ice ages and massive volcanic eruptions. It seems to me that the Earth
changes so often, geologically speaking, that it would be very difficult for evidence from
an advanced civilization to remain for us to examine."
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Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Naive thinking happens when students concentrate on the negativity,
on assuming that the documentary is a sermon against humans in general and them in
particular. Example: "I knew from the first minute of watching this documentary that the
narrator would tell me how terrible I am for destroying the beautiful Earth. What I disliked
most about the film was the patronizing tone of the narrator. I am tired of feeling guilty for
being born into a capitalist nation, and for eating a cheeseburger that is going to be made
whether or not I eat it. I'm sick of these kinds of documentaries and stuff that make me feel
bad about our Earth." Competent thinking happens is students realize how beautiful our
planet is, how fragile it it, how full of life it is, and that humans play a very small role in it.
Example: "This film was absolutely beautiful and stunning, no doubt about that. The angles
and the quality of the film were very amazing. Amazingly shot, edited perfectly, and sent
their message home with ease. I was amazed at the patterns of the Earth, natural and
manmade, seen from the bird's eye view. Each distant image was a master painting - the
flat crop land, the frozen and broken mirror-like Siberian waters, the marshes where the
elephants appeared as small grey splotches of paint, and the incredible skyscrapers in
China. These images where all gorgeous. Earth is gorgeous. It did remind me of the series
Planet Earth but it was a reminder of the diversity our planet holds. The documentary also
gave us a chance to see how linked everything is. That was the theme: everything is
interconnected. I think this documentary successfully finds the balance necessary in
explaining what exactly we're doing to our planet. We are destroying it in many ways, and
that needs to be said, but it needs to be done in a way that doesn't resemble the plot of some
apocalyptic, end-of-the-world movie. Home strikes that balance with ease. It's amazing
how showing our planet, with all of its intricacies and beauty, rather than scientists
babbling on and on in front of the camera, can have a greater effect. It's a work of art."
Homework 11 requires students to send a message to aliens. Naive thinking happens
when a student replied that a human could speak English with aliens or have any language
conversation with them, and/or consider that aliens would be able to see images and
understand them. Example: "I would send a picture of Earth in the solar system. Hopefully
we assume that they build a device capable of receiving a message from us. Of course, they
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won't be able to read the "You are Here" text, but an arrow could lead them to us."
Competent thinking happens when a student considers a message as simple as possible,
and understand that all messages will have flaws. Example: "If I had to send a message
with only the resources and knowledge I have today, I would sent out into space in various
directions, multiple times, all the episodes of Planet Earth (the BBC versions). I would do
this because I think the beautiful series gives an adequate and balanced view of earth
despite the inevitable and unsolvable language barrier. With our current knowledge we can
never create a "universal language," the term is absolute rubbish because all we know is
our Human, Earthly languages... Aliens may not rely on mathematics or even have
language that we can comprehend (like telepathy). But I think if they saw the Planet Earth
series, they would develop a sense of what exactly Earth is and what exactly resides on
Earth. They may even begin to associate words they hear with the images they see (like
infants). I feel like coded messages are incredibly overwhelmingly complicated and not as
logical as they try to appear to be. What's the point in sending aliens this enigma of
numbers and colors that only a few people on Earth can even decipher? Infants and
animals can understand pictures well enough. Obviously, they would have to be able to
watch images and have the technology to play them, or else, my idea wouldn't work."
Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Naive thinking happens if students concentrate on
unimportant details of the documentary or don't notice the real limitations of SETI's
thinking. Example: "I enjoyed the ideas about self replication in computers. I think the
limitations for SETI is time, money, and technological deficiencies." Competent thinking
happens if students realize with rational arguments that SETI is limited by several
anthropocentric ideas. Example: "I thought the documentary conveyed well the
possibilities of life developing on Europa and Titan. On the subject of signals from aliens,
SETI bases their search on human norms and actions. They assume that aliens will have
televisions or radios like the ones we have. The Universe is vast and ancient and the odds
of another civilization being at the same place in time as the Earth yet close enough to hear
our transmissions and understand them is slim."

258

Homework 13 requires students to create a new solution to the Fermi Paradox. Naive
thinking happens if the student thinks of a scenario that put Earth, especially humans, as
the center of attention of aliens. Example: "The aliens need a new home, and Earth is one
likely candidate. They are waiting for a more advanced weapons system to use to invade
Earth." Competent thinking happens if the scenario is associated with the scientific views
relating extraterrestrial life or a more sophisticated creative answer which puts humans in
an insignificant position in the entire Universe. Example: "Their planet is so advanced they
have developed a barrier around their planet which allows nothing to get through (to avoid
catastrophic comets/meteors/gamma rays etc), including our forms of communication."
Homework 14 requires students to watch the film Alien Planet, and choose what was
their favorite alien in terms of possible reality. Naive thinking happens if the student
chooses an alien similar to terrestrial beings or similar to media-driven views. Example:
"The gyro sprinters, because they looked similar to animals on Earth - cross between deer
and antelope - but had legs fused together." Competent thinking happens if the student
chooses an alien completely different from what we have seen before. Example: "I liked
the strange, seemingly living jelly sea."
Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Naive thinking happens if students don't realize
that science fiction is about humans. Example: "I did not think the documentary was very
intriguing - Science Fiction evolved like other things do. The movies about science fiction
were old - so they don't have a scary look." Competent thinking happens if students realize
that science fiction is about human society. Example: "I found the documentary to be
highly entertaining and insightful. I don't know if it is my background in history, but it was
very interesting for me to see the important role that science fiction has played in society.
Since many of the topics covered by science fiction writers were barely disguised criticisms
of contemporary social issues, those works provided a crucial medium through which to
address matters that otherwise would have been taboo, or uncomfortable for audiences to
confront. In this way, science fiction spurred the self-reflection that is required before
civilizations can truly develop and advance, both technologically and ethically."
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Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Naive thinking is to give messages based on New Age beliefs, against the nature of
science, or messages taken from the internet, without any evidences in the argumentation.
Example: "Evil is sexy- Darth Vader is cool and we all want to be cool". Competent
thinking is shown when the student gives the messages, they are in accordance with
rational scientific thinking, and the student explains them based on the documentary.
Example: "Without a mix of race/species, there will only be one (narrow) perspective. An
exchange of ideas is necessary for cultural and technological evolution. Darth Vader and
Emperor Palpatine only cared about controlling the empire and focus on destroying the
Rebel Alliance. There is no chance for democracy and other perspectives under their rule."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Naive thinking happens if students don't
realize that Star Trek is about humans. Example: "The documentary was good. I think I
would have got it better if I liked Star Trek... I am a huge Star Wars fans." Competent
thinking happens if students realize that Star Trek helped develop the technology in our
human society. Example: "Imagination is much faster than technology, but not that much
faster. It's interesting to see how most creative thoughts that were put into Star Trek, like
opening doors and cell phones, were amazing at the time, but seem less creative now
because we know that cell phones aren't the futuristic technology of the distant future. As
creative as they were, their imaginations were limited by the technology and information
that was already around. So creativity is based on technology just as much as technology is
based on creativity. To me, that was the most interesting aspect the doc presented."
Homework 18 requires students to watch the movie K-PAX and write one message that
the movie wants to transmit. Naive thinking is to give messages based on New Age beliefs,
against the nature of science, or messages taken from the internet, without any evidences in
the argumentation. Example: "Psychological institutions/practices can do more harm than
good." Competent thinking is shown when the student gives the messages, they are in
accordance with rational scientific thinking, and the student explains them based on the
movie. Example: "One message the movie wants to convey is that family is important.
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That message was communicated each time the subject of the son came up. There was a
sort of non-verbal criticism about the lack of communication between father and son when
Prot talks about it with the doctor's wife in their sitting room."
Homework 19 requires students to reflect about astrobiology. Naive thinking happens
if the response is related with an anthropocentric or media-driven view of astrobiology.
Example: "Astrobiology is biology outside of this world." Competent thinking requires a
more scientific view of the field of astrobiology. Example: "After everything we've learned
throughout the course of semester, in light of all of the facts and speculations, I think that
astrobiology is a legitimate scientific method of discovery and exploration. The facets and
rules of the field are based in real science and have contributed greatly to our
understanding of the universe and everything in it. There is one major bias that the field of
astrobiology must deal with, however, and that is the problem of anthropocentrism. No
matter how many measures we take to make sure this isn’t so, the simple fact is that all of
our methods and speculations are still based on ourselves. The things we know about our
own existence and development clearly affect how we perceive the existence of
extraterrestrial. We think that all extraterrestrial beings will look like us. There’s nothing
we can do to overcome this, and we have made strides, there’s no doubt about that. The
development of outstanding new technologies have allowed us to see that planets can exist
in places we didn’t think were possible to sustain life. We have discovered strange life on
our own planet that exist in the most extreme of locations. My opinion about astrobiology
has most certainly changed. When I entered the class, I honestly thought it was hokey,
something based on a few scientific facts, with the rest of winged based on people
watching The X-Files. But, now I know that it truly is a fantastic field of science, and one
that should be respected, and at least given a chance by all."
Homework 20 asks what an alien looks like. Naive thinking is sending images of greys,
humanoid beings, terrestrial beings, or aliens seen in science fiction (media outlets).
Example: "I think a humanoid isn't a bad idea, because we are built as a man for different
reasons: for instance, we can go where others can't." (the student sent the image of the
movie Predator). Competent thinking would be to send images of bacteria, to send a
drawing of something we cannot even perceive what it is. Example: "I think our first
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contact with aliens will probably be finding some kind of bacteria life on another planet. It
may look something like this:" (the student sent the image of bacteria).

5.3.2 Results
Regarding the personal group, in the first homework 16 students (89%) presented a
naive view and 2 students (11%) showed a competent thinking idea. In the sixth
homework, 15 students (83%) presented a naive view and 3 students (17%) showed a
competent thinking notion. In the eleventh homework, 12 students (67%) presented a naive
view and 6 students (33%) showed a competent thinking notion. In the thirteenth
homework, 12 students (67%) presented a naive view and 6 students (33%) showed a
competent thinking notion. In the nineteenth homework, 5 students (28%) presented a
naive view and 13 students (72%) showed a competent thinking notion. In the twentieth
homework, 3 students (17%) presented a naive view and 15 students (83%) showed a
competent thinking notion.
Figure 5.7 shows the naive answers related with the personal group. In the first
homework there is an overwhelming presence of naive views, while in last homework the
naive views are rare. There is a progressive gradual decline of naive views. Figure 5.8
shows the competent thinking answers related with the personal group. In the first
homework the competent thinking views are rare, while in the last homework there is an
overwhelming presence of them. There is a progressive gradual decline increase of
competent thinking notions, as students evolve throughout the course. Figure 5.9
aggregates the data for the personal group, both from naive views and from competent
thinking views. The combined data clearly shows a progression throughout the course,
with the naive views gradually declining and the competent thinking views gradually
increasing. When we assume a linear progression (figure 5.10), we can see a dramatic
change, with the critical transition point occurring at about the middle of the course (14th
homework).
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Figure 5.7 - Progression of naive views throughout the homeworks.

Figure 5.8 - Progression of competent thinking views throughout the homeworks.
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Figure 5.9 - Progression of naive and competent thinking views throughout the homeworks

Figure 5.10 - Progression of naive and competent thinking views, as a function of number
of classes which is seen in the number of homeworks. The green and red lines represent
linear regression analyses for naive and competent thinking, respectively.
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Within the media group, in the second homework 10 students (56%) presented a naive
view and 8 students (44%) showed competent thinking. In the third homework, 9 students
(50%) presented a naive view and 9 students (50%) showed competent thinking. In the
fourth homework, 10 students (56%) presented a naive view and 8 students (44%) showed
competent thinking. In the fifth homework, 1 student didn't do the homework, and thus in
17 students, 9 students (53%) presented a naive view and 8 students (47%) showed
competent thinking. In the seventh homework, 9 students (50%) presented a naive view
and 9 students (50%) showed competent thinking. In the eighth homework, 2 students
didn't do the homework, and thus in 16 students, 10 students (62%) presented a naive view
and 6 students (38%) showed competent thinking. In the ninth homework, 10 students
(56%) presented a naive view and 8 students (44%) showed competent thinking. In the
tenth homework, 9 students (50%) presented a naive view and 9 students (50%) showed
competent thinking. In the twelfth homework, 8 students (44%) presented a naive view and
10 students (56%) showed competent thinking. In the fourteenth homework, 1 student
didn't do the homework, and thus in 17 students, 6 students (35%) presented a naive view
and 11 students (65%) showed competent thinking. In the fifteenth homework, 1 student
didn't do the homework, and thus in 17 students, 8 students (47%) presented a naive view
and 9 students (53%) showed competent thinking. In the sixteenth homework, 2 students
didn't do the homework, and thus in 16 students, 7 students (44%) presented a naive view
and 9 students (56%) showed competent thinking. In the seventeenth homework, 2
students didn't do the homework, and thus in 16 students, 8 students (50%) presented a
naive view and 8 students (50%) showed competent thinking. In the eighteenth homework,
1 student didn't do the homework, and thus in 17 students, 7 students (41%) presented a
naive view and 10 students (59%) showed competent thinking.
Figure 5.11 shows naive answers for the media group. Overall, the naive views slightly
decrease. Figure 5.12 shows the competent thinking answers, which very slight increase
throughout the course. Figure 5.13 aggregates the data for the media group, both from
naive and competent thinking views. The combined data shows a very slight change
throughout the course. When we assume a linear progression (figure 5.14), we see that the
change is minor, with the critical transition point occurring at about the 10th homework.
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Figure 5.11 - Progression of naive views throughout the homeworks.

Figure 5.12 - Progression of competent thinking views throughout the homeworks.
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Figure 5.13 - Progression of naive and competent thinking views throughout the homeworks

Figure 5.14 - Progression of naive and competent thinking views, as a function of number
of classes which is seen in the number of homeworks. The green and red lines represent
linear regression analyses for naive and competent thinking, respectively.
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5.3.3 Discussion
From the final study, the personal group is an indicator of the sophistication of the
answers. Figure 5.7 shows that in the first homework there is an overwhelming presence of
naive conceptions of extraterrestrial life, and throughout the course there is a great decline
in naive conceptions of alien life. Figure 5.8 shows the opposite, with a big improvement
of competent thinking notions of alien life as students progress throughout the course.
Around the middle of the course there seems to be a critical point that enables the students
to transition from naive views to competent views of extraterrestrial life. A great majority
of students enter the class with low competent thinking skills, and almost all of them end
the course with high competent thinking skills. This is important, because this means that
students were able to give deeper, thoughtful, more scientific opinions towards the end of
the course, instead of the more popular, media-driven, views that were present at the
beginning of the course. Figure 5.9 shows that in a clear manner, combining the data,
demonstrating a progression throughout the course, with the naive views gradually
declining and the competent thinking views gradually increasing. In terms of research
questions, students move conceptually from more naive responses to a more scientific
understanding of life in the Universe, while progressing throughout the course. There is a
very significant change in students' perceptions of alien life, in terms of their views of the
possibility of life in the Universe. Figure 5.10 shows that the critical transition point seems
to occur right after the middle of the course, and the R squared is very higher which gives
us great confidence that if the course had more homeworks then students would continue
to improve. Thus, when analyzing the homeworks within the personal group, the course is
effective in terms of enhancing competent thinking skills among students.
This is in accordance with both the first pilot study and the second pilot study, which
show evidences that students transition, from naive views to more competent thinking
arguments, throughout the course.
In the final study, the media group indicates the logical strength, consistent thinking,
evaluation of evidences, and arguments based of reason of the analysis that students do of
several media programs. In figure 5.11, we see that the naive views decrease, but not in a
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gradual consistent way, and the decrease seems minimal. The opposite can be seen in
figure 5.12, with the competent thinking answers, in average, increasing slightly, with ups
and downs throughout the course. Figure 5.13 aggregates the data, showing that the overall
changes are minimal, but not significant, with almost half the students entering the course
with already good competent thinking skills and the course ends with a minimal amount of
students leaving the naive views towards better competent thinking. Figure 5.14 shows the
linear progression of both naive views and competent thinking views. In this diagram, we
see that in average the naive thinking decreases about 20% throughout the course, while
the competent thinking views increase those same 20%. In 18 students, 20% means that in
average less than 4 students increase their competent analysis with rational argumentation.
Also in figure 5.14, we notice that the transition point occurs at about the middle of the
course. Thus, when analyzing the homeworks within the media group, the course does not
seem to be effective in terms of enhancing competent thinking among students.
Overall, combining both groups, personal and media, we see that a change in students'
reasoning occurs near the middle of the course. The switch towards competent thinking
occurs when the critical mass of the class reaches about the 13th class, which is near the
middle in the total of 28 classes. That's when most students start having competent
thinking skills instead of naive thinking skills. This corresponds to having learned two
sections of the course (history and science).
However, there are major differences between the personal group and the media group.
The personal group shows that the course highly improves competent thinking among
students, while the media group indicates minimal improvement. In fact, when we combine
both groups (figure 5.15), we see that there seems to be a slightly trend, but not a clear
gradual trend.
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Figure 5.15 - Progression of naive and competent thinking views throughout all homeworks

This study cannot give clear a explanation on why the change in the personal group is
much more accentuated than in the media group. However, a suggested explanation may
be due to the different nature of the expected answers in the homeworks. The personal
group deals with the students' own beliefs - about the nature of aliens, the nature of
astrobiology, the nature of intelligence, the nature of communication with aliens, and about
possible answers to the Fermi Paradox. Therefore, in this group, students need to have selfreflection, they need to question their previous thinking about alien-related subjects. On
the other hand, the media group deals more with critical analyzing and criticizing others,
especially media programs. What the results show is that students enter the class with a
good idea on how to criticize others and their improvement in the course on this regard is
minimal, while on the other hand students enter the course with poor self-reflection skills
and leave the course with high self-reflection skills. Another way to see these results is that
students enter the course reasonably knowing how to criticize others but have no selfreflection skills, and students leave the course still criticizing others in almost the same
way but by this time they are able to criticize their own ideas in a much more efficient
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way. Thus, students do not seem to learn much about the popular notion of critical thinking
(the medium level of scientific literacy), but they seem to increase a lot their highest level
of scientific literacy (advanced thinking), which in turn increases their competent thinking.
There is also a very interesting characteristic related with the transition from naive
thinking to competent thinking within self-reflection skills. The critical point occurs near
the middle of the course, right after the students finish the science section (after learning
history and science). The science section uses the Drake Equation as an organizational
tool. During the classes of this section, students predict a number for each term of the
Drake Equation. In the last class, they have to multiply all those numbers, and arrive at the
number of communicable civilizations in the Galaxy. It's based on their numbers; on the
numbers that they thought throughout the section. What usually happens is that students
think that they will come up with a number of millions of advanced civilizations in the
Galaxy, but when they see the final number, calculated based on their own estimations, the
number is usually lower than 1. This is a shock to them. Because it is based on their own
numbers, their own estimations, and they reach a very low number (just us!) for advanced
civilizations. This is not something that is told to them, that is imposed on them, that is
lectured to them. They learn this on their own, based on their own estimations and
reasoning. This technique seems to have an unforeseeen amazing consequence: since it is
based on their own estimations, a lightbulb lights up in their heads, and they become more
scientific - their reach their own conclusions that most life in the Galaxy will be
microorganisms. This is a huge mental leap that may explain the transition point from
naive thinking to competent thinking at this class.
Another interesting characteristic can be seen in figure 5.15. We see a constant increase
in competent thinking from homework 8 to 9 to 10. If we exclude homeworks 11 and 13,
which belong to the personal group, then we see that the increase continues throughout
homeworks 12 and 14. This is relevant, because these 5 homeworks belong to the media
group and, most importantly, they all ask the same question, which is to write a critical
analysis of a television documentary. This indicates that students learn how to write better
critical analysis as they progress throughout the homeworks. It's also interesting that after
this increase, there is a decline in competent thinking because the question changes a little
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and the section also changes (to science fiction), thus students have to adapt to the new
questions and the new content knowledge in a different section. After a short adaptation,
the levels of competent thinking start to increase again. Thus, it's interesting to see
competent thinking rise when the homeworks are very similar, which means that the
students' rational argumentation, logical strenght, and evidence-based arguments also
increase.
Overall, the first pilot study, the second pilot study, and the main study show evidences
that students transition, move conceptually, from naive views to more competent thinking
notions of life in the Universe, throughout the course. However, the transition to competent
thinking occurs gradually, and hence a critical number of classes is required to impact how
students' think. The exposure to the astrobiology course seems to have a strong positive
impact in developing competent thinking skills in the students.
Despite the limitations of this study, the results seem to show that the design of this
innovative course on astrobiology is effective in enhancing competent thinking skills
among non-science major students. In particular, the course seems to be effective in
enhancing the self-reflection skills of the students. Since competent thinking is a domaingeneral thinking skill, then the skills learned on this course may be transferred to other
areas of the life of the students, contributing to solve the problem of scientific literacy in
the future population.
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5.4 STUDY BY INDICATORS
In order to see more nuances in how students' competent thinking changed over time, it
was decided that it would be better to divide the binary answer (competent thinking and
naive) into the different seminal indicators of competent thinking which are part of the
attributes of scientific literacy. These indicators are:
1) logical strength, with consistent thinking (no inner contradictions)
2) no mistakes, errors, in the critical analysis.
3) arguments based on reason, not on fallacies.
4) evaluation of evidences.
5) sophistication of the answer, with deeper, thoughtful, more scientific opinions,
instead of the more popular, media-driven, views.
For this study, all the homeworks from the Fall semester of 2009 were analyzed.
Overall, there were 28 classes attended by 18 students. The number of homeworks were
20. The analysis of the data may reveal patterns and trends that allow us to determine if a
progression of indicators for competent thinking occurs among the students throughout the
semester.

5.4.1 Logical Strength.
In this indicator, we should look for consistent thinking in the homeworks answers.
Essentially, there should be no inner contradictions in the responses.

5.4.1.1 Methods
The following examples are from the 2009 homeworks: one characterized as competent
thinking and another characterized as naive thinking.
Homework 1 asks what an alien looks like. Naive thinking is sending images of greys,
humanoid beings, terrestrial beings, or aliens seen in science fiction (media outlets), and
still writing that an alien should be something that we can't imagine. A student stated: "An
alien is something not like us or doesn't seem like anything we are familiar with", while at
the same time the student sent a picture of a grey. Another student example of naive
thinking is reflected in the following student comment: "Aliens would be bacteria. Maybe
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sometime in the past a meteor that was home to some organisms crash landed on the earth
and began living here". However, this student sent a picture of Zoidberg, an alien in the
series Futurama. Another student wrote that he/she doesn't believe in aliens, but still sent a
picture from what he/she thinks an alien looks like, which is the alien from the movie
Predator, giving evidence of naive thinking. Images reflecting competent thinking could
have included images of bacteria, a drawing of something we cannot even perceive what it
is, while stating that "aliens will be different depending on the environment they live in",
or stating as another student did: "Alien life that we might meet could be simple unicellular
life forms like bacteria or life forms totally beyond our current comprehension. For this
reason I really can't select a picture to accurately describe what an alien may look like."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. Naive
thinking would be to incorrectly state what the principle means. For example, this answer:
"At the end of the third section and beginning of the fourth section, life on Titan, Jupiter's
moon, is discussed. Life on Titan is thought to be able to exist without the existence of
liquid water, but rather either liquid methane or ethane. This is contrary to the principle of
uniformity". The principle of uniformity is about the laws of nature being the same
everywhere, and thus life should be adapted to the conditions of the environment that lives
in. An example of competent thinking would be to correctly apply one of the principles in
a particular situation in the episode. Example: "On video 4 at 5:30 minutes in, Dr. Geoff
Marcy accepts the principle of mediocrity in order to make the argument that there are
billions of Earth-like planets in our galaxy. Not only is his argument in favor of this
principle, it relies on it. As I understand it, we cannot know there are other Earth-like
planets (for one thing, what/who determines "Earth like"), we can only guess based on
distant observation. By applying the principle of mediocrity, scientists like Marcy can
theorize that some planets we do find will be Earth-like."
Homework 3 requires students to listen to Orson Welles 1938 radio broadcast and write
a critical analysis comparing it to today. Naive thinking shows up when students contradict
themselves by stating that this would be an important broadcast but wouldn't affect them
today or that they knew that this was fiction but would still be frighten. Example: "I think
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if I were listening to the entire broadcast, from the very beginning, I would have known
that it was fiction. But I would still be alarmed by what I was hearing". A competent
thinker would realize that at the time this was an innovative news broadcast that scared a
lot of people for a reason, and that today similar stories are planted and believed by
millions for instance in the media outlet of the internet or TV news stations. Example: "If
something like this happened today and several television stations were involved it would
terrify people. They would have to put serious work into it but there are people who would
believe it, not that I am one of them. The reason I bring this up is to compare it to how the
people of 1938 could have felt. As we saw in class people believe what they want to
believe and see what they want to see."
Homework 4 is about the movie Contact. Students were asked to write two messages
that the movie wanted to transmit. Naive thinking is apparent when the student writes the
message but justifies it with contraditory statements or does not justifies it at all. Example
from a student: "Can religious people and scientist coexist?" without justifying it with
evidences from the movie. Competent thinking is shown when the student provides a
correct explanation of the message. Example: "Two social statements the film makes - and
they are related to each other - are: people feel alone, and the importance of human
relationships. Palmer Josss says: "It's tough being alone." The title, "Contact", refers on the
surface to alien contact. But the theme of the movie goes deeper, and the titles reflects
what the movie is really about: the primacy of human contact in our lives."
Homework 5 requires students to watch the documentary Evolution of life, and provide
a critical analysis of it. Naive thinking is demonstrated among students contradicting
themselves in their analysis of the documentary. Example: "What stuck out to me the most
in the movie was the part when the men go down miles below the surface in South Africa
to search for life. Maybe we should look below the surfaces of other planets.". However,
we are looking for bacteria under the surfaces of Mars and thinking on going under the
surface of Europa, the moon of Jupiter. So, the student correctly pointed out one parte of
the documentary, but missed the part where we actually look for the same things on other
planets. Competent thinking comes from the students understanding the big picture of the
documentary in a logical way. Example: "One of the most important lessons I was
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reminded of was that life made this planet suitable for more diverse life. I liked how the
format of the movie was made into a 24-hour time analogy. It really puts our life compared
to Earth's life in perspective. It's unbelievable how young we are compared to the planet. I
really like how the movie covered many methods of finding early life, the deep caves and
the sulfur caves, not just one. I was surprised to hear that our existence and respiratory
system depends on the cyanobacteria's ability to produce oxygen for several billion years
to create the atmosphere we can live and breathe in. An important lesson from the
documentary is the emphasis of how life began in such inhabitable conditions from such
tiny organisms. I believe this makes it much more possible for life to exist on other planets.
Planets that seem inhabitable (like ours) just need time for a few things to happen (comets,
tiny bacteria, etc.). I like this idea because if we open up our minds to thinking that the
ingredients for life came from “out there,” then the ingredients for life are still out there.
Perhaps those ingredients (which could vary depending on the place) are waiting for a
planet to have the right conditions that will allow the seed of life to grow."
Homework 6 asked for the definition of intelligence and then for a ranking of lifeforms. An example of naive thinking is when students contradict themselves defining
intelligence, for instance, as the ability for mathematics and then stating that bacteria are
highest based on intelligence, or stating that intelligence is the ability to survive and then
put humans at the top, when there is a lot of life that has been surviving for much longer
than humans. Example: "Intelligence is the ability to make reasonable decisions in life,
being able to comprehend language, and the ability to interact with other living beings.
Ranking based on intelligence: 1. Bacteria, 2. Homo sapien, 3. Lion, 4. Cheeta, 5. Bear."
Competent thinking is when the definition is according to the criteria adopted for the
ranking. Example: "Intelligence is the ability to process thoughts rationally and act on
them. All animals have a drive to eat and drink, but humans understand why we eat and
drink and what is good for nutrition and what is not. Ranking: 1. Humans, 2. Monkeys, 3.
Cats, 4. Birds, 5. bugs."
Homework 7 requires students to watch and write a critical analysis of the
documentary We Are The Aliens. Naive thinking is apparent when students contradict
themselves, for example, stating that the red rain came from space at the same time that
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they say that don't believe in panspermia. Example: "I believe in Panspermia; I think it is
true. I think it important that the theory accepts the fact that we are one with this universe,
and it is possible for one part of space to share an experience with another part, and also
because the principal of plenitude. However, I do not doubt that life could have started on
Earth". Competent thinking is when no contradiction is found in the student analysis.
Example: "I liked the documentary a lot, especially its casual, informal style and the music
(Star Trek, Pink Panther, Holst, etc.). I also like the approach it takes leading the viewer
toward the goal; it does a great job educating the audience. Nonetheless, the film was
slanted toward panspermia. It would have been nice if they went deeper into the alternative
explanations, the algae seeming the most likely. I think the most important lesson is to
remain critical when approaching a problem. The story about the Red Rain highlights how
anticipating an outcome can lead to improper research techniques, controlling the process
(lack of peer review; lack of basic tests), and misleading the public. I do not believe the red
rain is extraterrestrial, and I think Lewis and his colleagues know how shaky their
"science" is."
Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Naive thinking is apparent when students contradict
themselves, for example by stating that the documentary is flawless but with too
sensationalism. Example: "Who would think that humans could die so quickly and so
easily. Although I don't think that any of these crises would happen in my lifetime."
Competent thinking is when no contradiction is found in the student analysis. Example: "I
thought that the documentary was very interesting. I had never seen all of the possible
disaster scenarios in one show. My favorite scenario is the super volcano erupting. I really
doubt that nuclear war will destroy the planet, but there are way too many nuclear weapons
in the world to rule it out completely. This documentary was great because it made me
realize how vulnerable we really are."
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Naive thinking is evident when students contradict
themselves, for example by stating that humans are very important on Earth while stating
that humans could disappear rapidly without affecting Earth. Example: "I believe humans
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are the most destructive beings on this planet, but Mother Nature wins over and take back
what's rightfully hers." Another example: "I found the documentary really boring. I
enjoyed viewing how earth might change in the absence of humans, how domestic animals
would evolve, how the life in the ocean would evolve, how nature would coat the once
visible evidence of a civilization on earth." Competent thinking is when no contradiction is
found in the student analysis. Example: "The documentary was interesting to watch. The
destruction of the buildings by way of vegetation showed me just how powerful nature can
be. The overall theme of it was that vegetation would take over all of our industrial area
which we believe to be an indestructible area. It was quiet humbling to see everything we
have created basically fall apart and almost become invisible, or non existent in a very
short time."
Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Evidence for naive thinking is indicated when students contradict
themselves, for example by stating that it's a great documentary but they hate it. Example:
"This film was very beautiful. But I didn't like it. It was very slow and boring, maybe
because we've all seen these types of documentaries so much." Competent thinking is
when no contradiction is found in the student analysis. Example: "This was a very good
documentary. It was able to capture Earth's natural beauty and demonstrate how much all
life on Earth depends on each other. I thought the cinematography in the film was
amazingly well done. The main message of the movie could not have been achieved
without the shots that they used. I had realized that humans were tearing through Earth's
resources, but I had never realized just how much damage we do every single day. It really
frightens me how much we consume and how little time we have left on this planet, if we
keep going at the rate we are. I thought that the documentary could have moved a little
faster, but other than that, it was amazing."
Homework 11 requires students to send a message to aliens. Naive thinking is
identified when students contradict themselves, for example stating that aliens are totally
different from us but would still see and understand visual messages. Example: "we can't
expect an alien civilization to understand any method of communication, but we can
assume they can view pictures." Competent thinking is when no contradiction is found in
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the student analysis. Example: "If I had to send a message with only the resources and
knowledge I have today, I would sent out into space in various directions, multiple times,
all the episodes of Planet Earth (the BBC versions). I would do this because I think the
beautiful series gives an adequate and balanced view of earth despite the inevitable and
unsolvable language barrier. With our current knowledge we can never create a "universal
language," the term is absolute rubbish because all we know is our Human, Earthly
languages... Aliens may not rely on mathematics or even have language that we can
comprehend (like telepathy). But I think if they saw the Planet Earth series, they would
develop a sense of what exactly Earth is and what exactly resides on Earth. They may even
begin to associate words they hear with the images they see (like infants). I feel like coded
messages are incredibly overwhelmingly complicated and not as logical as they try to
appear to be. What's the point in sending aliens this enigma of numbers and colors that
only a few people on Earth can even decipher? Infants and animals can understand pictures
well enough. Obviously, they would have to be able to watch images and have the
technology to play them, or else, my idea wouldn't work."
Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Evidence for naive thinking happens when students
contradict themselves. Example: "I liked the documentary and the work of SETI. I think
SETI is wrong in spending their time waiting to hear radio signals from extraterrestrials. It
is close-minded to think that is how they would contact us. If they did contact us, I think it
would be in a way completely unthought of by humans." Competent thinking is when no
contradiction is found in the student analysis. Example: "The documentary was pretty
interesting, I liked how they went into some detail about Europa and Titan. I liked that
there was some information that was new in the documentary like the computer chip idea.
However, there are some limitations of SETI, notably the odds of our civilization being at
the same period of another civilization is improbable. Given this, the odds of detecting
radio signals are very small because they may be past our evolution and into an era of
completely different communication."
Homework 13 requires students to create a new solution to the Fermi Paradox. Naive
thinking is apparent when students contradict themselves. Example: "I think aliens are here
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and the governments of the world are keeping it a secret from the people. But I know they
exist". Competent thinking is when no contradiction is found in the student analysis.
Example: "Aliens could be all the old religious martyrs including Jesus Christ. When they
were preaching about Heaven and Hell they were really trying to tell us about other worlds
we just could not understand. Our idea of life and the need to feel important clouded our
understanding."
Homework 14 requires students to watch the film Alien Planet, and choose their
favorite alien in terms of possible reality. Evidence for naive thinking is noted when
students contradict themselves. Example: "I thought the planet and beings were too earth
like. It's such a hard thing to figure out because we don't want to be limiting (thinking life
will be like us), but we don't want to separate life here from life there- because it's all life.
Maybe they would exude the same evolution and tendencies- like hunting and fighting, or
running in packs. But maybe they would function on a higher level, one that we have not
yet experienced- where everything is cooperating together and synergizing. The aliens that
I liked more were the mushrooms!" Competent thinking is when no contradiction is found
in the student analysis. Example: "I thoroughly enjoyed the documentary. A lot of this is
thanks to the fact that John C. McGinley was the narrator, but also because of the
imagination it showed. It's always hard to think about what aliens would look like, since
we're bound to be somewhat limited by our own perceptions and the fact that we'll make
them sort of like us, but I think Alien Planet handled that as best it could. The story was
fantastic, presented logical conclusions and scenarios, and overall was extremely well
done. My favorite alien was the Daggerist. It was perfectly adapted to its environment,
with a multitude of weapons and ways to attract prey and kill and consume them."
Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Evidence for naive thinking is noted when
students contradict themselves. Example: "I did not think the documentary was very
intriguing. The movies about science fiction where old. It made me realize how much it
helped people to not be so closed minded." Competent thinking is when no contradiction is
found in the student analysis. Example: "The documentary about the evolution of science
fiction was pretty good. I was never really interested in science fiction growing up, and I
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was never aware of its significance. This video gave me a good crash course in the
development of the genre and what it stands for. It is really interesting that these stories
had the vision of what technology would be developed in the future, and implemented
them into the stories. The most important point of the documentary to me was that it
showed that the genre had a big impact both socially and in the development of
technology, that's pretty incredible!"
Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Naive thinking is noted when students contradict themselves. Example: "Women are wise
and strong, and they fall easily prey to good-looking guys like Han Solo". Competent
thinking is when no contradiction is found in the student analysis. Example: "Politics
corrupts. Once you attain a certain level of power and responsibility, regardless of your
initial intentions, you cross over to the "dark side." You are surrounded by other corrupt
individuals who try to influence and use you. Then you become one of them, change your
agenda, and do the same bad deeds as other corrupt politicians. Once Anakin gains power
and becomes Darth Vader, he is no longer "good." There was no longer a democracy."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Naive thinking is documented when
students contradict themselves. Example: "I liked the codumentary but it had a Shatnercentered perspective. He's been playing that up for years now, and it's getting really old.
An overriding theme of all the Star Trek series: Principles are good and necessary
guidelines, and The Prime Directive was CONSTANTLY broken." Competent thinking is
when no contradiction is found in the student analysis. Example: "I really enjoyed the
documentary because it made me stop and consider how different things were just 40 or 30
years ago! To imagine that world is so odd to me, and it makes me appreciate the progress
we've made. I especially admire that they took this a chance to show that we are all
humans- races should not matter! The clip with the half black and white faces was an
excellent and creative reflection of ourselves."
Homework 18 requires students to watch and write a critical analysis of the movie KPAX. Naive thinking is noted when students contradict themselves. Example: "I didn't
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really like the movie that much, with its important themes". Competent thinking is when
no contradiction is found in the student analysis. Example: "I liked the movie, because of
its criticisms that we as people do without thinking about it. I also like it because we don't
know if he is or isn't an alien, and we never get to know. Finally i like how it offers us
alternatives, just because we do something doesn't make it right or the only way to do it. I
also like the biggest message of the movie: Don't take things for granted, family, friends,
and most importantly life."
Homework 19 requires students to reflect about astrobiology. Evidence for naive
thinking occurs when students contradict themselves. For instance, if they had said that
astrobiology is only about life in space and then wrote about life on Earth (like
extremophiles on Earth). Competent thinking is when no contradiction is found in the
student analysis. Example: "After everything we've learned throughout the course of
semester, in light of all of the facts and speculations, I think that astrobiology is a
legitimate scientific method of discovery and exploration. The facets and rules of the field
are based in real science and have contributed greatly to our understanding of the universe
and everything in it. There is one major bias that the field of astrobiology must deal with,
however, and that is the problem of anthropocentrism. No matter how many measures we
take to make sure this isn’t so, the simple fact is that all of our methods and speculations
are still based on ourselves. The things we know about our own existence and development
clearly affect how we perceive the existence of extraterrestrial. We think that all
extraterrestrial beings will look like us. There’s nothing we can do to overcome this, and
we have made strides, there's no doubt about that. The development of outstanding new
technologies have allowed us to see that planets can exist in places we didn’t think were
possible to sustain life. We have discovered strange life on our own planet that exist in the
most extreme of locations. My opinion about astrobiology has most certainly changed.
When I entered the class, I honestly thought it was hokey, something based on a few
scientific facts, with the rest of winged based on people watching The X-Files. But, now I
know that it truly is a fantastic field of science, and one that should be respected, and at
least given a chance by all."
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Homework 20 asks what an alien looks like. For example, naive thinking is noted in
images sent by students such as greys, humanoid beings, terrestrial beings, or aliens seen in
science fiction (media outlets), and contradicting themselves by writing that an alien
should not be like us. An example of this naive thinking is a student that wrote two pages
about bacteria and how bacteria will be the aliens discovered in outer space, and then sent
a picture of an alien that is a human from the television series Third Rock from the Sun.
Competent thinking is when no contradiction is found in the student analysis. Example: "I
liked the image of something that has evolved in a similar way but not quite like us. I have
to say this movie (Alien Planet) out of all of them made the biggest impression on me. Not
only how an Alien could look but also how we might need to think about contacting other
beings in a different way."

5.4.1.2 Results
In the first homework 13 students (72%) presented a naive view and 5 students (28%)
demonstrated a competent thinking idea. In the second homework 10 students (56%)
presented a naive view and 8 students (44%) showed competent thinking. In the third
homework, 8 students (44%) presented a naive view and 10 students (56%) showed
competent thinking. In the fourth homework, 8 students (44%) presented a naive view and
10 students (56%) showed competent thinking. In the fifth homework, 1 student didn't do
the homework, and thus in 17 students, 7 students (41%) presented a naive view and 10
students (59%) showed competent thinking. In the sixth homework, 8 students (44%)
presented a naive view and 10 students (56%) showed a competent thinking notion. In the
seventh homework, 7 students (39%) presented a naive view and 11 students (61%)
showed competent thinking. In the eighth homework, 2 students didn't do the homework,
and thus in 16 students, 4 students (25%) presented a naive view and 12 students (75%)
showed competent thinking. In the ninth homework, 6 students (33%) presented a naive
view and 12 students (67%) showed competent thinking. In the tenth homework, 5 students
(28%) presented a naive view and 13 students (72%) showed competent thinking. In the
eleventh homework, 4 students (22%) presented a naive view and 14 students (78%)
showed a competent thinking notion. In the twelfth homework, 3 students (17%) presented

283

a naive view and 15 students (83%) showed competent thinking. In the thirteenth
homework, 3 students (17%) presented a naive view and 15 students (83%) showed a
competent thinking notion. In the fourteenth homework, 1 student didn't do the homework,
and thus in 17 students, 3 students (18%) presented a naive view and 14 students (82%)
showed competent thinking. In the fifteenth homework, 1 student didn't do the homework,
and thus in 17 students, 3 students (18%) presented a naive view and 14 students (82%)
showed competent thinking. In the sixteenth homework, 2 students didn't do the
homework, and thus in 16 students, 1 student (6%) presented a naive view and 15 students
(94%) showed competent thinking. In the seventeenth homework, 2 students didn't do the
homework, and thus in 16 students, 2 students (12%) presented a naive view and 14
students (88%) showed competent thinking. In the eighteenth homework, 1 student didn't
do the homework, and thus in 17 students, 1 student (6%) presented a naive view and 16
students (94%) showed competent thinking. In the nineteenth homework, no students (0%)
had a naive view and 18 students (100%) showed a competent thinking notion. In the
twentieth homework, 2 students (11%) presented a naive view and 16 students (89%)
showed a competent thinking notion.
Figure 5.16 shows the evolution of logical strength throughout the homeworks.
Students improve their logical strength, and thus their competency in thinking, throughout
the homeworks. When we assume a linear progression (figure 5.17), we see the gradual
improvement of competent thinking and the gradual decline of naive thinking, within
logical strength, more clearly.
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Figure 5.16 - Progression of naive and competent thinking views on logical strength
throughout the homeworks

Figure 5.17 - Progression of naive and competent thinking views in logical strength, as a
function of number of classes which is seen in the number of homeworks. The blue and red
lines represent linear regression analyses for naive and competent thinking, respectively.
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5.4.1.3 Discussion
From the analysis of this first indicator, logical strength, Figure 5.16 shows that in the
first homework there is an overwhelming presence of naive logic and throughout the
course there is a great decline in naive logic, while at the same time the strength in logic,
the competent thinking, has a big improvement. The transition point seems to be early in
the course, around the third homework, which seems to indicate that early in the course
students learn that they should argue with a strong logic, without contradictions.
Thus, what is noted in Figures 5.16 and 5.17 is a decrease in naive thinking and a
significant improvement of competent thinking skills within the indicator of logical
strength. Students are able to argue with a much stronger logic towards the end of the
course. The high value of the R squared provides confidence to note that the change is real,
is due to the homeworks, and if students continued to do the homeworks, then we can
predict that most students would be able to provide strong, logical, answers to the
questions.
Thus, when analyzing the homeworks within the indicator of logical strength, the
course seems to be effective in terms of enhancing competent thinking among students.

5.4.2 Mistakes
In this indicator, the identification of grammar mistakes or clear errors in the critical
analysis that invalidates the entire argumentation is imperative.
In this indicator, naive thinking is to have a few clear mistakes in the grammar that
makes the argumentation looking not professional, not competent, or to have a critical
analysis so outlandish that cannot rationally be equated to the homework at hand, while
competent thinking is to have no spelling mistakes and no mistakes in the critical analysis.

5.4.2.1 Methods
From the 2009 homeworks, two examples taken from the students' responses will be
shown: one characterized as competent thinking and another characterized as naive
thinking, so that it may be clearer how the homeworks were evaluated under this indicator.
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Homework 1 asks what an alien looks like. Example of naive thinking would be to
send something else not related with aliens or having several spelling mistakes in the
argumentation. Example of competent thinking: "I honestly don't know since I'm so
influenced by the media. As a child I imagined a skinny green thing with a huge head and
black eyes. Now, I believe there are several different kinds from ones that are similar to us
and ones that could look more insect and animal-like."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. Example of
naive thinking: "The film the Universe explains that 3.4 billion years ago the only life on
Earth was a single cell organism that inhabited the oceans. This organism absorbed energy
from the sun and formed clorafil. Clorafil produced photosynthesis which created
cyanobacteria that pumped oxygen into the air and water. This process is what allowed us
to come into being, and proves whatever can happen will happen." Example of competent
thinking: "Principle of Uniformity: Around the 2:00 mark of video 3, Jennifer Heldmann
discusses her research, in which she looks for life in extreme conditions in order to
research possible life on Mars. While we know that Mars is indeed like Earth, and have
made much headway into analyzing its surface, we still can't be entirely certain that the
laws of nature on Mars are exactly like those on Earth, meaning her research could be for
naught. Just because microscopic organisms can survive in very cold or very hot
temperatures on Earth doesn't mean that those same organisms would be able to survive on
Mars."
Homework 3 requires students to listen to Orson Welles radio broadcast and write a
critical analysis comparing to today. Example of naive thinking: "The reader did such a
good job that it seemed believeable. If i listen to it back when this came out I would have
believed it and probably grabbed a gun and try to spend time with my loved ones. If it
happen today I would try to discredit it with the numorous other sources ( CNN, Fox,
Internet). I think the whole point was a way to see how of the people who heard the
broadcast would react. Obvously some people heard that the broadcast wasn't real but the
people who reacted in extreme ways open the eyes of the nation." Example of competent
thinking: "If I was listening to the broadcast since the beginning, I would have known that
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it was fiction. But I can certainly see how some people might have been alarmed by what
they were hearing. If I had tuned in midway, I think I would have checked other stations
(were there many other stations in Austin in 1938?), looked out the window, maybe called
the police if I was really concerned. We're a lot more savvy today than 70 years ago, and
maybe more jaded."
Homework 4 is about the movie Contact. Students should write two messages that the
movie wants to transmit. Example of naive thinking would be to write messages not related
with the movie or having several spelling mistakes in the argumentation. Example of
competent thinking: "Politics/Money: A theme/message in the movie is that the
government tries to control everything and money has a huge influence in every situation.
For instance, funding is necessary to do any research and once incredible work has been
discovered, the government tries to come in and control everything."
Homework 5 requires students to watch the documentary Evolution of life, and making
a critical analysis of it. Example of naive thinking: "I loved it. I knew all the theorys
before, but I'd never heard about them in such depth. I think it was awsome that they
showed every possible theory and all of which seemed to suggest that life may exist in
many conditions, all over the universe, and there may even be microrganisms
undiscovered in our solar system. But the most important part of the documentary was
when we were reminded that we dont actually know the recipe for life; we've never created
life out of chemicals. The idea of non-living chemicals becoming a living being is still
mind-boggling to today's scientists. Makes me think about the creation of conciousness and
wonder what the first concious thought was. Maybe "Oh no, not again." Example of
competent thinking: "The part of the movie which impacted me was seeing that there is
actual living bacteria now on earth that thrives on conditions we could not survive. It made
the whole story more plausible. I also found it interesting that all life as we know it
happened in the last 30 minutes, when looking at time in a day. We are very young. So it
makes me wonder, just because we are not seeing life now on other planets, could we in
the future. Could life on other planets be at the early stage of life?"
Homework 6 asked for the definition of intelligence and then for a ranking of life
forms. Example of naive thinking: "Intelligence is the ability to act on the basis of choice,
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not?primal instinct. The defensive nature of mothers in relation to their babies is a
reaction/instict that is prevalent across special lines.? Yet the hability to control this
reaction, based not on a change in exterior circumstances, but on a conscious descisionmaking process, is what distinguishes Man from beast." Example of competent thinking:
"Intelligence is the ability to process thoughts rationally and act on them. All animals have
a drive to eat and drink, but humans understand why we eat and drink and what is good for
nutrition and what is not. Ranking: 1. Humans, 2. Monkeys, 3. Cats, 4. Birds, 5. bugs."
Homework 7 requires students to watch and write a critical analysis of the
documentary We Are The Aliens. Example of naive thinking: "I could have done without
the cheesy cultural refrences to sci fi movies, but it was fairly interesting. I liked that it
showed both sides of the debate, and i feel the most important lesson it conveyed is that
nether theory can be proven or disproven. It also extensively includes that things can live
in extreme conditions, which makes both panspermia and the theory that life started on
earth possible. I think Panspermia may be true. It certianly seems possible, and maybe
even probabel, but just as possible and probable as life forming on Earth. I havent made
my mind up yet on the origins of the Red Rain. The scientist that "proved" that it is
extraterrestrial didnt see DNA which other scientists saw. According to its wiki, red rain
has happend in the area before, and all sorts of colored rain has been documented in the
past with no suggestion of it being extraterrestral. I am skeptical, but I cannot rule out the
possibility of the red rain being extraterrestrial." Example of competent thinking: "I
thought the documentary was very captivating. Most people want to hear about invasions
and beings and spaceships and the like, and don't want to lend credence to things like
bacteria from outer space. So, with that in mind, I thought the documentary did a great job
of balancing the hard scientific truths with a a little spectacle and grandeur to keep things
interesting. It's a hard mixture to pull off, but props to them for doing so. I absolutely
believe in panspermia. The fact of the matter is this: we've found plenty of elements in the
solar system that are also present in our planet. We know that during the early days of
Earth's formation, it experienced an extraordinary amount of collisions and other shapealtering processes, making it entirely possible that some of those collisions contained
material from outer space. I believe that the red rain came from the Earth. In my opinion,
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Carl Sagan said the quote that we all need to keep in mind: "Extraordinary claims require
extraordinary evidence." Without a doubt, this is one of those claims, and the evidence
simply isn't there. There's plenty of dirt in the deserts near where the rain fell, and
scientists even went to the location where the hypothesized spores were being produced,
where they found more than enough evidence and supply for the spores to be being
introduced into the atmosphere. While some instances of colored rain may actually be of
extraterrestrial origin, in this particular case, I think it came from our own planet."
Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Example of naive thinking: "I thought the video was
gret. It was good because of the molding of the video and its contents but Dr. Neil and his
humor made it great. I learned there is many diffrent ways to die globally and how small
we really are to the planet and the universe, and it doesnt care about madkind." Example of
competent thinking: "I thought that the documentary was very interesting. I had never seen
all of the possible disaster scenarios in one show. My favorite scenario is the super volcano
erupting. I really doubt that nuclear war will destroy the planet, but there are way too many
nuclear weapons in the world to rule it out completely. This documentary was great
because it made me realize how vulnerable we really are."
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Example of naive thinking would be to write an analysis
not related with the documentary or having several spelling mistakes in the argumentation.
Example of competent thinking: "I thought this documentary was very interesting. I think
that its crazy that the Earth would recover so quickly from human influences. The world
would go on without a trace of humans after an insignificant amount of time in terms of the
lifetime of the planet."
Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Example of naive thinking would be to write an analysis not related
with the documentary or having several spelling mistakes in the argumentation. Example
of competent thinking: "This was a very good documentary. It was able to capture Earth's
natural beauty and demonstrate how much all life on Earth depends on each other. I
thought the cinematography in the film was amazingly well done. The main message of the
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movie could not have been achieved without the shots that they used. I had realized that
humans were tearing through Earth's resources, but I had never realized just how much
damage we do every single day. It really frightens me how much we consume and how
little time we have left on this planet, if we keep going at the rate we are. I thought that the
documentary could have moved a little faster, but other than that, it was amazing."
Homework 11 requires students to send a message to aliens. Example of naive
thinking: "I dont know anything about laser technology, but if there is a way to laser beam
a copy of BBC's Planet Erath into outerspace, that's what I'd do. Aleins would not be able
to undertand the narration, but the visuals speak volumes for themeselves. But that kind of
feels like a cop-out, and took no time to think of since I've already had this thought a
thousand times over (or maybe just evry time I watch an episode). I think that video would
be the best way of communication, but if that's impossible, math is the only potential form
of communication that can easily be decoded. Can't really say much about humanty from
math, but I guess you can suggest that we are intelligent, which is the main point."
Example of competent thinking: "If I had to send a message with only the resources and
knowledge I have today, I would sent out into space in various directions, multiple times,
all the episodes of Planet Earth (the BBC versions). I would do this because I think the
beautiful series gives an adequate and balanced view of earth despite the inevitable and
unsolvable language barrier. With our current knowledge we can never create a "universal
language," the term is absolute rubbish because all we know is our Human, Earthly
languages... Aliens may not rely on mathematics or even have language that we can
comprehend (like telepathy). But I think if they saw the Planet Earth series, they would
develop a sense of what exactly Earth is and what exactly resides on Earth. They may even
begin to associate words they hear with the images they see (like infants). I feel like coded
messages are incredibly overwhelmingly complicated and not as logical as they try to
appear to be. What's the point in sending aliens this enigma of numbers and colors that
only a few people on Earth can even decipher? Infants and animals can understand pictures
well enough. Obviously, they would have to be able to watch images and have the
technology to play them, or else, my idea wouldn't work."
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Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Example of naive thinking: "I think theres a high
possibability that life exists on Europia because of the large amounts of water and shifting
of the icy surface that enables this water and its materials to reach the top and maybe start
producing lif." Example of competent thinking: "The documentary was pretty interesting, I
liked how they went into some detail about Europa and Titan. I liked that there was some
information that was new in the documentary like the computer chip idea. However, there
are some limitations of SETI, notably the odds of our civilization being at the same period
of another civilization is improbable. Given this, the odds of detecting radio signals are
very small because they may be past our evolution and into an era of completely different
communication."
Homework 13 requires students to create a new solution to the Fermi Paradox.
Example of naive thinking: "42, becuase bananas are yellow, because aliens are shy,
because aliens dont want the enevitable swap of diseases. Personally, I consider all of
those answers equally likely." Example of competent thinking: "Aliens could be all the old
religious martyrs including Jesus Christ. When they were preaching about Heaven and Hell
they were really trying to tell us about other worlds we just could not understand. Our idea
of life and the need to feel important clouded our understanding."
Homework 14 requires students to watch the film Alien Planet, and choose what was
their favorite alien in terms of possible reality. Example of naive thinking would be to
choose an alien not in the film or having several spelling mistakes in the argumentation.
Example of competent thinking: "I thoroughly enjoyed the documentary. A lot of this is
thanks to the fact that John C. McGinley was the narrator, but also because of the
imagination it showed. It's always hard to think about what aliens would look like, since
we're bound to be somewhat limited by our own perceptions and the fact that we'll make
them sort of like us, but I think Alien Planet handled that as best it could. The story was
fantastic, presented logical conclusions and scenarios, and overall was extremely well
done. My favorite alien was the Daggerist. It was perfectly adapted to its environment,
with a multitude of weapons and ways to attract prey and kill and consume them."
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Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Example of naive thinking: "I liked it, except
the begining of scifi was real boring. I did like how the named evolved and what an intical
part it played in history and technology. I also like how scientist in the past gets many
ideas from the past, where people said it will never happen. The most important message is
that science fiction is a temporary thing, because it gives ideas to people that come true. In
the scence of technology, not the mutation of giant lizards. A funny quote is science fiction
keeps my young, thats why I am here today. An iportant message was scifi is based on the
newest current event, like sattalites, aliens, computes, and soon to be biology." Example of
competent thinking: "The documentary about the evolution of science fiction was pretty
good. I was never really interested in science fiction growing up, and I was never aware of
its significance. This video gave me a good crash course in the development of the genre
and what it stands for. It is really interesting that these stories had the vision of what
technology would be developed in the future, and implemented them into the stories. The
most important point of the documentary to me was that it showed that the genre had a big
impact both socially and in the development of technology, that's pretty incredible!"
Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Example of naive thinking would be to write messages not related with the documentary or
having several spelling mistakes in the argumentation. Example of competent thinking:
"Politics corrupts. Once you attain a certain level of power and responsibility, regardless of
your initial intentions, you cross over to the "dark side." You are surrounded by other
corrupt individuals who try to influence and use you. Then you become one of them,
change your agenda, and do the same bad deeds as other corrupt politicians. Once Anakin
gains power and becomes Darth Vader, he is no longer "good." There was no longer a
democracy."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Example of naive thinking would be to
write an analysis not related with the documentary or having several spelling mistakes in
the argumentation. Example of competent thinking: "I really enjoyed the documentary
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because it made me stop and consider how different things were just 40 or 30 years ago!
To imagine that world is so odd to me, and it makes me appreciate the progress we've
made. I especially admire that they took this a chance to show that we are all humansraces should not matter! The clip with the half black and white faces was an excellent and
creative reflection of ourselves."
Homework 18 requires students to watch and write a critical analysis of the movie KPAX. Example of naive thinking: "I think the movie is well done but it falied to excite my
intellectual curiousity. It tries to be smarter than it is. Prot is pretentious and patriarchal,
and the whole movie comes off that way. It felt to preachy. It wasnt really about aliens or
psycology, it was about how awful people are. I dont want to be a vegetarian and family
isnt the most important part of my life. I think it was trying to convey the message that
humanity is a socially and morlly immature species. Prot tells us that the "eye for an eye"
morality is stupid and that we arn't ready to learn about light transportation because we'd
just use it to blow ourselves or others up. We fight, we dont care enough about eachother,
we dont listen to eachother enough, we are all awful beings. Which is true, but not
entertaning." Example of competent thinking: "I liked the movie, because of its criticisms
that we as people do without thinking about it. I also like it because we don't know if he is
or isn't an alien, and we never get to know. Finally i like how it offers us alternatives, just
because we do something doesn't make it right or the only way to do it. I also like the
biggest message of the movie: Don't take things for granted, family, friends, and most
importantly life."
Homework 19 requires students to reflect about astrobiology. Example of naive
thinking would be to write an analysis not related with astrobiology or having several
spelling mistakes in the argumentation. Example of competent thinking: "After everything
we've learned throughout the course of semester, in light of all of the facts and
speculations, I think that astrobiology is a legitimate scientific method of discovery and
exploration. The facets and rules of the field are based in real science and have contributed
greatly to our understanding of the universe and everything in it. There is one major bias
that the field of astrobiology must deal with, however, and that is the problem of
anthropocentrism. No matter how many measures we take to make sure this isn’t so, the
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simple fact is that all of our methods and speculations are still based on ourselves. The
things we know about our own existence and development clearly affect how we perceive
the existence of extraterrestrial. We think that all extraterrestrial beings will look like us.
There’s nothing we can do to overcome this, and we have made strides, there's no doubt
about that. The development of outstanding new technologies have allowed us to see that
planets can exist in places we didn’t think were possible to sustain life. We have
discovered strange life on our own planet that exist in the most extreme of locations. My
opinion about astrobiology has most certainly changed. When I entered the class, I
honestly thought it was hokey, something based on a few scientific facts, with the rest of
winged based on people watching The X-Files. But, now I know that it truly is a fantastic
field of science, and one that should be respected, and at least given a chance by all."
Homework 20 asks what an alien looks like. Example of naive thinking would be to
send something else not related with aliens or having several spelling mistakes in the
argumentation. Example of competent thinking: "I liked the image of something that has
evolved in a similar way but not quite like us. I have to say this movie (Alien Planet) out of
all of them made the biggest impression on me. Not only how an Alien could look but also
how we might need to think about contacting other beings in a different way."

5.4.2.2 Results
In the first homework assignment, no students (0%) presented a naive view and 18
students (100%) showed a competent thinking idea. In the second homework 2 students
(11%) presented a naive view and 16 students (89%) showed competent thinking. In the
third homework, 1 student (6%) presented a naive view and 17 students (94%) showed
competent thinking. In the fourth homework, no students (0%) presented a naive view and
18 students (100%) showed competent thinking. In the fifth homework, 1 student didn't do
the homework, and thus in 17 students, 1 students (6%) presented a naive view and 16
students (94%) showed competent thinking. In the sixth homework, 2 students (11%)
presented a naive view and 16 students (89%) showed a competent thinking notion. In the
seventh homework, 1 student (6%) presented a naive view and 17 students (94%) showed
competent thinking. In the eighth homework, 2 students didn't do the homework, and thus
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in 16 students, 1 student (6%) presented a naive view and 15 students (94%) showed
competent thinking. In the ninth homework, no students (0%) presented a naive view and
18 students (100%) showed competent thinking. In the tenth homework, no students (0%)
presented a naive view and 18 students (100%) showed competent thinking. In the
eleventh homework, 1 student (6%) presented a naive view and 17 students (94%) showed
competent thinking. In the twelfth homework, 1 student (6%) presented a naive view and
17 students (94%) showed competent thinking. In the thirteenth homework, 1 student (6%)
presented a naive view and 17 students (94%) showed competent thinking. In the
fourteenth homework, 1 student didn't do the homework, and thus in 17 students, no
students (0%) presented a naive view and 17 students (100%) showed competent thinking.
In the fifteenth homework, 1 student didn't do the homework, and thus in 17 students, 1
student (6%) presented a naive view and 16 students (94%) showed competent thinking. In
the sixteenth homework, 2 students didn't do the homework, and thus in 16 students, no
students (0%) presented a naive view and 16 students (100%) showed competent thinking.
In the seventeenth homework, 2 students didn't do the homework, and thus in 16 students,
no students (0%) presented a naive view and 16 students (100%) showed competent
thinking. In the eighteenth homework, 1 student didn't do the homework, and thus in 17
students, 1 student (6%) presented a naive view and 16 students (94%) showed competent
thinking. In the nineteenth homework, no students (0%) had a naive view and 18 students
(100%) showed competent thinking. In the twentieth homework, no students (0%) had a
naive view and 18 students (100%) showed competent thinking.
Figure 5.18 shows the evolution of the indicator Mistakes throughout the homeworks.
As we can see, there are only three results throughout all the homeworks: or no students
commit mistakes, or one student commit mistakes, or two students commit mistakes. Thus,
the great majority of students do a great job in this indicator. There is no trend in this
factor. Linear progression (Figure 5.19), shows a minimal improvement of competent
thinking and a minor decline of naive thinking. These results are not significant.
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Figure 5.18 - Progression of naive and competent thinking views on Mistakes.

Figure 5.19 - Progression of naive and competent thinking views in Mistakes, as a function
of number of classes which is seen in the number of homeworks. The blue and red lines
represent linear regression analyses for naive and competent thinking, respectively.
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5.4.2.3 Discussion
From analyses of the second indicator, mistakes in the critical analysis, Figure 5.18
shows that throughout the course there are only three results throughout all the homework
assignments: or no students commit mistakes, or one student commit mistakes, or two
students commit mistakes. Students enter the course with already a great notion that they
shouldn't produce mistakes. Thus, the great majority of students were succesful. There is
no trend in this factor.
Although in Figure 5.19, a slight improvement of competent thinking and a minimal
decline of naive thinking are demostrated, these results are not significant.
Thus, when analyzing the homework assignments within the indicator of mistakes in
the analysis, the course does not affect students in terms of enhancing their competent
thinking skills, because they enter the course possessing those skills.

5.4.3 Arguments based on Reason
In this indicator, reasonable arguments in the homework answers are identified.
Essentially, there should be no fallacies in the responses, especially the ones learned in the
first section (history) of the course: Analogy, Religion, Principle of Plenitude, Principle of
Uniformity,

Principle

of

Mediocrity,

Appeal

to

Probability,

Wrong/Erroneous

Interpretations of Observations, Appeal to Authority, Appeal to Emotions, Wild
Speculations, Explanations by Scenario, Appeal to Wishful Thinking, Personal Wishes and
Beliefs, Appeal to Popular Belief, Circular Logic, Red Herring, Slippery Slope,
Suppressed Evidence, Anecdotal Evidence, Personal Incredulity, Unfalsifiability,
Marketing, Fad of the Time, False Cause, Middle Ground, Beauty, Burden of Proof, and
Psychological Geocentrism.
In this indicator, naive thinking would include fallacies in the responses, while
competent thinking includes responses without any falllacies and arguments based on logic
and reason.
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5.4.3.1 Methods
From the 2009 homework assignments, the following examples are taken from the
students' responses: one characterized as competent thinking and another characterized as
naive thinking, so that it may be clearer how the homework assignments were evaluated
under this indicator.
Homework 1 asks what an alien looks like. Example of naive thinking, with a personal
belief and an appeal to probability: "I believe in aliens. Even if the conditions under which
life on earth was formed are extremely rare, the universe is so incomprehensively large,
that even the smallest statistical possibility is probable." Example of competent thinking: "I
cannot say whether I "believe" in Aliens because, really, the question is not a matter of
belief, but rather of examination and critical contemplation of the evidence, or proof, of the
possibility that these beings truly exist. That said, I do admit to the possibility of the
existence of life in the Universe."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. Example of
naive thinking, where the principle of uniformity is suggested where it shouldn't: "At the
end of the third section and beginning of the fourth section, life on Titan, Jupiter's moon, is
discussed. Life on Titan is thought to be able to exist without the existence of liquid water,
but rather either liquid methane or ethane. This is contrary to the principle of uniformity".
Example of competent thinking: "On video 4 at 5:30 minutes in, Dr. Geoff Marcy accepts
the principle of mediocrity in order to make the argument that there are billions of Earthlike planets in our galaxy. Not only is his argument in favor of this principle, it relies on it.
As I understand it, we cannot know there are other Earth-like planets (for one thing,
what/who determines "Earth like"), we can only guess based on distant observation. By
applying the principle of mediocrity, scientists like Marcy can theorize that some planets
we do find will be Earth-like."
Homework 3 requires students to listen to Orson Welles radio broadcast and write a
critical analysis comparing to today. Example of naive thinking, with an appeal to common
practice: "The way it is performed makes it seem like a real news story, with the exception
of the musical interludes. In today's world I think this type of story would not create a stir
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at all. Information is way too accessible." Example of competent thinking: "The way it is
played out is very realistic. Had I tuned into it during a musical interlude or something and
hadn't known it was a story, I might very well have believed it - at first. I would have been
suspicious of its truth if it was aired on halloween, just as i am today if someone quits work
or something on april fools day. Even if i didn't realize it was a halloween special, then I
would have changed the station during the next musical interlude to see if it was on
another station. When anything important happens today, I always check all the news
stations, if not just to see if they have more information. If something of mass appeal like
martians landing wasn't on any other station, i would assume it wasn't real."
Homework 4 is about the movie Contact. Students should write two messages that the
movie wants to transmit. Example of naive thinking, with personal belief: "I believe one of
the running themes/messages in the movie is to teach tolerance." Example of competent
thinking: "Two social statements the film makes - and they are related to each other - are:
people feel alone, and the importance of human relationships. Palmer Josss says: "It's
tough being alone." The title, "Contact", refers on the surface to alien contact. But the
theme of the movie goes deeper, and the titles reflects what the movie is really about: the
primacy of human contact in our lives."
Homework 5 requires students to watch the documentary Evolution of life, and making
a critical analysis of it. Example of naive thinking, with a personal belief: "An important
lesson from the documentary is the emphasis of how life began in such inhabitable
conditions from such tiny organisms. I believe this makes it much more possible for life to
exist on other planets. Planets that seem inhabitable (like ours) just need time for a few
things to happen (comets, tiny bacteria, etc.)." Example of competent thinking: "The
lesson I learned from the video was just how extreme Earth's environment actually is and
that many organisms reside in these conditions. I never really thought that complex life
such as those crabs could exist at the bottom of the ocean, and the fact that these organisms
do exist gives us a broader range of environments to explore when searching on other
planets. The video told me that life's ability to evolve or adapt to an environment is
incredible."
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Homework 6 asked for the definition of intelligence and then for a ranking of lifeforms. Example of naive thinking, with personal beliefs: "My definition is probably based
on morality and simplicity. Dogs and cats are at the top because they are kind, intelligent
creatures that are content with their repetitive lives (same meals, neglect from humans, and
attachment with humans). Penguins are next due to their devotion with their mates and
their commitment to protecting their young. And because they're cute. Then elephants
because they're awesome and mourn for their dead like we do. Primates because they're
one of the few species that are similar to us and show signs of intelligence. Humans are
next to the bottom because as far as morals go...we are one of the worst (pollution,
genocide, greed, neglect for nature etc.). Bugs are last just because I hate them." Example
of competent thinking: "Intelligence I would say is learned. It is not something you are
born with or innately have. It is something you have observed or learned and applied.
There are different types of intelligence. For example I would say we have an academic
intelligence and a social intelligence or what something people would call street smarts or
common sense."
Homework 7 requires students to watch and write a critical analysis of the
documentary We Are The Aliens. Example of naive thinking, with an appeal to probability:
"A lesson we can take from the documentary is that there are endless possibilities for the
origins of Earth and we must keep an open mind about each. A big theme is that
microorganisms are able to travel through outer space and survive such extremities.
Therefore, it's highly probable that many planets could have had their beginnings from tiny
little bugs on comets and meteorites." Example of competent thinking: "I liked the
documentary a lot, especially its casual, informal style and the music (Star Trek, Pink
Panther, Holst, etc.). I also like the approach it takes leading the viewer toward the goal; it
does a great job educating the audience. Nonetheless, the film was slanted toward
panspermia. It would have been nice if they went deeper into the alternative explanations,
the algae seeming the most likely. I think the most important lesson is to remain critical
when approaching a problem. The story about the Red Rain highlights how anticipating an
outcome can lead to improper research techniques, controlling the process (lack of peer
review; lack of basic tests), and misleading the public."
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Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Example of naive thinking, with a personal belief and/or
appeal to probability: "I thought the documentary was very interesting, but very
depressing. Who would think that humans could die so quickly and so easily. Although I
don't believe that any of these crises would happen in my lifetime." Example of competent
thinking: "The documentary was relatively good in terms of science and production, but it
doesn’t include enough science for alternative scenarios. For this reason it is important to
do some extra reading to fully learn about the possibilities of any of the scenarios. In other
words, it was a good introduction to each scenario, but the general public will come away
with a doom-slanted perspective without further reading."
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Example of naive thinking, with personal belief: "I believe
humans are the most destructive beings on this planet, but Mother Nature wins over and
take back what's rightfully hers." Example of competent thinking: "The documentary was
interesting to watch. The destruction of the buildings by way of vegetation showed me just
how powerful nature can be. The overall theme of it was that vegetation would take over
all of our industrial area which we believe to be an indestructible area. It was quiet
humbling to see everything we have created basically fall apart and almost become
invisible, or non existent in a very short time."
Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Example of naive thinking, with appeal to emotions: "These images
where all gorgeous. Earth is gorgeous and our selfish race has done enough harm. But I am
tired of feeling guilty for being born into a capitalist nation and for eating a cheeseburger."
Example of competent thinking: "This was a very good documentary. It was able to
capture Earth's natural beauty and demonstrate how much all life on Earth depends on each
other. I thought the cinematography in the film was amazingly well done. The main
message of the movie could not have been achieved without the shots that they used. I had
realized that humans were tearing through Earth's resources, but I had never realized just
how much damage we do every single day. It really frightens me how much we consume
and how little time we have left on this planet, if we keep going at the rate we are. Man
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will destroy itself if we do not preserve what we have. We will not destroy the Earth, it
will exist long after we are gone, but we are destroying the habitable environment that
resulted after billions of years of evolution. We are only hastening our own demise, not
that of the Earth. It is a subtle difference in argumentation, but a very important one, I
think."
Homework 11 requires students to send a message to aliens. Example of naive
thinking, with appeal to wishful thinking: "To send a message to aliens, I think the easiest
way is to accomplish this would be through the use of music. Henry Wadsworth
Longfellow said, "Music is the universal language of mankind." To me, I believe that
music may be the universal language because no matter what language you speak on Earth,
you understand or can recognize music. We can understand which songs convey a peaceful
message and which songs have harsh tones to it." Example of competent thinking: "If I had
to send a message with only the resources and knowledge I have today, I would sent out
into space in various directions, multiple times, all the episodes of Planet Earth (the BBC
versions). I would do this because I think the beautiful series gives an adequate and
balanced view of earth despite the inevitable and unsolvable language barrier. With our
current knowledge we can never create a "universal language," the term is absolute rubbish
because all we know is our Human, Earthly languages... Aliens may not rely on
mathematics or even have language that we can comprehend (like telepathy). But I think if
they saw the Planet Earth series, they would develop a sense of what exactly Earth is and
what exactly resides on Earth. They may even begin to associate words they hear with the
images they see (like infants). I feel like coded messages are incredibly overwhelmingly
complicated and not as logical as they try to appear to be. What's the point in sending
aliens this enigma of numbers and colors that only a few people on Earth can even
decipher? Infants and animals can understand pictures well enough. Obviously, they would
have to be able to watch images and have the technology to play them, or else, my idea
wouldn't work."
Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Example of naive thinking, with personal belief and
popular belief: "I did not like that the documentary took the view that aliens have not
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already visited earth. It brings up the 1950s (I think) space craft crash were “alleged” aliens
bodies were found. Why don’t they believe that is true? I think the government “hides” an
unbelievably large amount of information from the public- the undercover technology they
have would shock everyone- and why do they keep some information to themselves?
Power." Example of competent thinking: "The documentary was pretty interesting, I liked
how they went into some detail about Europa and Titan. I liked that there was some
information that was new in the documentary like the computer chip idea. However, there
are some limitations of SETI, notably the odds of our civilization being at the same period
of another civilization is improbable. Given this, the odds of detecting radio signals are
very small because they may be past our evolution and into an era of completely different
communication."
Homework 13 requires students to create a new solution to the Fermi Paradox.
Example of naive thinking, with nonsense: "42, becuase bananas are yellow, because aliens
are shy, because aliens dont want the enevitable swap of diseases. Personally, I consider all
of those answers equally likely." Example of competent thinking: "Their planet is so
advanced they have developed a barrier around their planet which allows nothing to get
through (something we might need to avoid catastrophic comets/meteors/gamma rays etc.)
including our forms of communication."
Homework 14 requires students to watch the film Alien Planet, and choose what was
their favorite alien in terms of possible reality. Example of naive thinking would include
fallacies. Example of competent thinking: "I thoroughly enjoyed the documentary. A lot of
this is thanks to the fact that John C. McGinley was the narrator, but also because of the
imagination it showed. It's always hard to think about what aliens would look like, since
we're bound to be somewhat limited by our own perceptions and the fact that we'll make
them sort of like us, but I think Alien Planet handled that as best it could. The story was
fantastic, presented logical conclusions and scenarios, and overall was extremely well
done. My favorite alien was the Daggerist. It was perfectly adapted to its environment,
with a multitude of weapons and ways to attract prey and kill and consume them."
Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Example of naive thinking, with personal
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wishes: "The documentary wasn't all too thrilling, because it wasn't a subject I was all too
excited about." Example of competent thinking: "The documentary about the evolution of
science fiction was pretty good. I was never really interested in science fiction growing up,
and I was never aware of its significance. This video gave me a good crash course in the
development of the genre and what it stands for. It is really interesting that these stories
had the vision of what technology would be developed in the future, and implemented
them into the stories. The most important point of the documentary to me was that it
showed that the genre had a big impact both socially and in the development of
technology, that's pretty incredible!"
Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Example of naive thinking would include fallacies. Example of competent thinking:
"Sometimes we break laws or go to the "dark side" not because we want to harm but for
what we think is a good reason. Anakin wanting to learn how to save his wife from dying
for example."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Example of naive thinking would include
fallacies. Example of competent thinking: "I really enjoyed the documentary because it
made me stop and consider how different things were just 40 or 30 years ago! To imagine
that world is so odd to me, and it makes me appreciate the progress we've made. I
especially admire that they took this a chance to show that we are all humans- races should
not matter! The clip with the half black and white faces was an excellent and creative
reflection of ourselves."
Homework 18 requires students to watch and write a critical analysis of the movie KPAX. Example of naive thinking would include fallacies. Example of competent thinking:
"I liked the movie, because of its criticisms that we as people do without thinking about it.
I also like it because we don't know if he is or isn't an alien, and we never get to know.
Finally i like how it offers us alternatives, just because we do something doesn't make it
right or the only way to do it. I also like the biggest message of the movie: Don't take
things for granted, family, friends, and most importantly life."
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Homework 19 requires students to reflect about astrobiology. Example of naive
thinking would include fallacies. Example of competent thinking: "I have to say, I was a
little concerned about the class. I was expecting a typical class in Earth Science. I had not
heard of Astrobiology but I am glad I took the class. It made me think about topics and
subjects I really didn't have much interest in before. I now have a new appreciation for
Astrobiology. It really is that realization that there is more than just my little life. I knew
the world was small, just didn't realize how small. I’ve found that I appreciate all of the
information that we have gathered through Astrobiology, and I can’t wait to see what we
may find in the future. I never knew just how many fields of study can be related to this
area, and how everything is all interconnected, a lesson we’ve also learned this semester.
During the presentations it was incredible some of the ways that everyone tailored their
area of study to Astrobiology, something I wouldn’t have thought possible at the beginning
of class. I’ve learned that the field is extremely broad, and is not only concerned with the
search for other habitable planets, but that it is very much about finding out about our
history and origin. (Again another lesson, it is all about us). I discovered that the search for
Aliens is not relegated to the realm of conspiracy theorists and alien abductees, but rather a
significant part of a relevant, ongoing scientific debate, and belonging to an accepted field
of study, which is known collectively as astrobiology. I have to admit when I went through
Roswell, NM I blew it off as a marketing gimmick. Now I realize there is more than just
all the stuff they were selling. I think I would look at it differently now. Isn't that the point
of the class, to look at things from a different perspective and to see things critically?"
Homework 20 asks what an alien looks like. Example of naive thinking, with appeal to
probability and wrongly mixing two different subjects (aliens of any kind and alien
civilizations): "The odds of us finding a civilization in the same level of development as us
are low. The odds of us being able to communicate to a distant galaxy are low. Therefore,
if we were to find aliens, they’d be pretty similar to us." Example of competent thinking:
"Alien life that we might meet could be simple unicellular life forms like bacteria or life
forms totally beyond our current comprehension. For this reason I really can’t select a
picture to accurately describe what an alien may look like."
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5.4.3.2 Results
In the first homework assignment, 12 students (67%) presented a naive view and 6
students (33%) showed competent thinking. In the second homework 10 students (56%)
presented a naive view and 8 students (44%) showed competent thinking. In the third
homework, 6 students (33%) presented a naive view and 12 students (67%) showed
competent thinking. In the fourth homework, 6 students (33%) presented a naive view and
12 students (67%) showed competent thinking. In the fifth homework, 1 student didn't do
the homework, and thus in 17 students, 1 student (6%) presented a naive view and 16
students (94%) showed competent thinking. In the sixth homework, 3 students (17%)
presented a naive view and 15 students (83%) showed competent thinking. In the seventh
homework, 3 students (17%) presented a naive view and 15 students (83%) showed
competent thinking. In the eighth homework, 2 students didn't do the homework, and thus
in 16 students, 2 students (13%) presented a naive view and 14 students (87%) showed
competent thinking. In the ninth homework, 2 students (11%) presented a naive view and
16 students (89%) showed competent thinking. In the tenth homework, 1 student (6%)
presented a naive view and 17 students (94%) showed competent thinking. In the eleventh
homework, 2 students (11%) presented a naive view and 16 students (89%) showed
competent thinking. In the twelfth homework, 1 student (6%) presented a naive view and
17 students (94%) showed competent thinking. In the thirteenth homework, 2 students
(11%) presented a naive view and 16 students (89%) showed competent thinking. In the
fourteenth homework, 1 student didn't do the homework, and thus in 17 students, no
students (0%) presented a naive view and 17 students (100%) showed competent thinking.
In the fifteenth homework, 1 student didn't do the homework, and thus in 17 students, 1
student (6%) presented a naive view and 16 students (94%) showed competent thinking. In
the sixteenth homework, 2 students didn't do the homework, and thus in 16 students, no
students (0%) presented a naive view and 16 students (100%) showed competent thinking.
In the seventeenth homework, 2 students didn't do the homework, and thus in 16 students,
no students (0%) presented a naive view and 16 students (100%) showed competent
thinking. In the eighteenth homework, 1 student didn't do the homework, and thus in 17
students, no students (0%) presented a naive view and 17 students (100%) showed
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competent thinking. In the nineteenth homework, no students (0%) had a naive view and
18 students (100%) showed competent thinking. In the twentieth homework, 3 students
(17%) presented a naive view and 15 students (83%) showed a competent thinking notion.

Figure 5.20 shows the evolution of arguments based on reason throughout the
homework assignments. Students improved their rational argumentation, and thus their
competency in thinking, throughout the homeworks. When we assume a linear progression
(Figure 5.21), gradual improvement of competent thinking and gradual decline of naive
thinking, within rational argumentation, are noted.

Figure 5.20 - Progression of naive and competent thinking views on arguments based on
reason throughout the homework assignments.
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Figure 5.21 - Progression of naive and competent thinking views with arguments based on
reason, as a function of number of classes, which is seen in the number of homework
assignments. The blue and red lines represent linear regression analyses for naive and
competent thinking.

5.4.3.3 Discussion
From the analysis of this indicator, arguments based on reason, Figure 5.20 shows that
in the first homework assignment there is a noticeable presence of naive argumentation and
throughout the course there is a decline in naive argumentation, while at the same time the
strength in rational argumentation, the competent thinking, has improved. The transition
point (Figure 5.21) occurs very early in the course, around the third homework assignment,
which indicates that early in the course students learn that they should argue with rational
arguments, without fallacies.
Thus, what we see in Figures 5.20 and 5.21 is that there is a decrease in naive thinking
and improvement of competent thinking skills within the indicator of rational
argumentation. Students were able to argue more rationally towards the end of the course.
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The medium value of the R squared does not give us much confidence about these results,
but we can pinpoint exactly why this is. The biggest contradiction in the trend is the last
homework assignment. However, the last homework belongs to the "personal group" of
homeworks, where students write more about their own beliefs. So, it should not be
surprising that when asked about their beliefs, some students still fall into the trap of
arguing with their beliefs. In fact, we can also see that the declining trend suffers an
opposite direction on Homeworks 11 and 13, which are both also from the "personal
group". Without these, the trend would be much more clear and the R squared would be
much higher. Essentially, we would be able to predict that most students would be able to
give arguments based on reason by the end of the course when analyzing information
given by the media.
Thus, when analyzing the homework assignments within rational argumentation, the
course is effective in terms of enhancing competent thinking among students.

5.4.4 Evaluation of Evidences
In this indicator, identification for arguments based on the evidences shown and/or
known about that subject is imperative. Thus, if a student is critically analyzing a media
program, for example, in his/her analysis the student should evaluate the evidences
presented in the media program. The critical analysis must include an evaluation of the
claims mentioned in the program and/or references to the evidences about that particular
subject.
In this indicator, naive thinking would indicate the absence of the claims/evidences,
while competent thinking includes answers based on the evidences.

5.4.4.1 Methods
From the 2009 homework assignments, two examples taken from the students'
responses follow: one characterized as competent thinking and another characterized as
naive thinking.
Homework 1 asks what an alien looks like. Example of naive thinking: "An alien is an
extraterrestrial being that displays some form of higher intelligence; intelligence greater
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than that of mankind." Example of competent thinking: "I cannot say whether I "believe"
in Aliens because, really, the question is not a matter of belief, but rather of examination
and critical contemplation of the evidence, or proof, of the possibility that these beings
truly exist. That said, I do admit to the possibility of the existence of life in the Universe."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. Example of
naive thinking, without the explanation of the principle: "In the second video, scientists
believe ‘the best place to find life is to find planets (Mars) that contain carbon, water’ and
similar physical makeup (volcanos/snow). This applies the Principle of Uniformity."
Example of competent thinking: "Principle of Mediocrity in the 2nd Video. Around the 3
minute mark of the second video, NASA scientist Chris McKay discusses three alternative
theories regarding the beginning of life on our planet. The first two theories are, more or
less, supportive of the idea that the materials/potential for life were already on the Earth,
which could be interpreted as supporting the assertions of our "special place" in the
Universe. Yet the third theory, which states that the first organisms on Earth could have
come from beyond our planet's gravitational sphere of influence, clearly supports the
Principle of Mediocrity in so far that it would seem to counter any such claims to an Eathly
monopoly of life in the Universe."
Homework 3 requires students to listen to Orson Welles radio broadcast and write a
critical analysis comparing to today. Example of naive thinking: "The reader did such a
good job that it seemed believeable. If i listen to it back when this came out I would have
believed it and probably grabbed a gun and try to spend time with my loved ones. If it
happen today I would try to discredit it with the numorous other sources ( CNN, Fox,
Internet). I think the whole point was a way to see how of the people who heard the
broadcast would react. Obvously some people heard that the broadcast wasn't real but the
people who reacted in extreme ways open the eyes of the nation." Example of competent
thinking: "At first, I thought the broadcast was trying to prove how easily influenced
people’s perceptions can be. The fact that the farmer was listening to the mars broadcast
makes it seem like that is why he perceived the loud noise and a green streak in the sky.
Hearing the person report live he saw the gray snakes with black eyes would have
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convinced most people it was real. If I had heard it in 1938, I would be in fear because I
doubt alien sightings were common, and therefore wouldn’t know what to think, plus the
broadcast makes the ETs seem scary. I think this broadcast is great for its time. Today, I
would heard it and said, “Finally!” (But if I listened to the whole thing, I would get more
and more disappointed). The ending definitely makes it seem too far fetched and over
dramatic, he talks about the alien’s machine-like legs, which would make it different from
the other report. For a while it was exciting!"
Homework 4 is about the movie Contact. Students should write two messages that the
movie wants to transmit. Example of naive thinking: "You always need to hold on to your
beliefs and follow them. And science and religion are not different, both require faith."
Example of competent thinking: "1) The first possible message is that contact with Alien
beings will not necessarily be made via the traditional interpretation/representation it is
ascribed in most works of science-fiction. Extraterrestrials do not have to land on the Earth
with spaceships, nor do they have to be encountered by space-traveling humans in the
future. Terrestrial and extraterrestrial beings may have their initial encounter when a wave
of light transmitting from Earth meets one transmitting from a distant star, which is
essentially the premise of the movie. 2) The second message is much more 'earthly', thus
more pertinent to contemporary society, in its intent: bureaucracy, in every sense of the
word, can be a great help, or an insurmountable hindrance, to the search for extraterrestrial
life. Although the bureaucrats decided to continue their support for Arroway (Jodie Foster)
in the end of the movie, there were several times during the film when it appeared that the
loss of funding would doom the continuation of research. Assuming that an eccentric
billionaire does not decide to put their wealth at the disposal of research efforts, national
governments are the most viable way to sufficiently fund such efforts. Bureaucrats have
control of those funds, hence bureaucratic institutions have the ability to either make or
break the search for extraterrestrial life."
Homework 5 requires students to watch the documentary Evolution of life, and making
a critical analysis of it. Example of naive thinking: "There was nothing really surprising to
me in this documentary. The one thing I liked was the excuse needed to create a powerful
gun." Example of competent thinking: "One of the most important lessons I was reminded
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of was that life made this planet suitable for more diverse life. I liked how the format of the
movie was made into a 24-hour time analogy. It really puts our life compared to Earth's life
in perspective. It's unbelievable how young we are compared to the planet. I really like
how the movie covered many methods of finding early life, the deep caves and the sulfur
caves, not just one. I was surprised to hear that our existence and respiratory system
depends on the cyanobacteria's ability to produce oxygen for several billion years to create
the atmosphere we can live and breathe in. An important lesson from the documentary is
the emphasis of how life began in such inhabitable conditions from such tiny organisms. I
believe this makes it much more possible for life to exist on other planets. Planets that
seem inhabitable (like ours) just need time for a few things to happen (comets, tiny
bacteria, etc.). I like this idea because if we open up our minds to thinking that the
ingredients for life came from “out there,” then the ingredients for life are still out there.
Perhaps those ingredients (which could vary depending on the place) are waiting for a
planet to have the right conditions that will allow the seed of life to grow."
Homework 6 asked for the definition of intelligence and then for a ranking of lifeforms. Example of naive thinking: "Intelligence is the ability to make reasonable decisions
in life, being able to comprehend language, and the ability to interact with other living
beings. Ranking based on intelligence: 1. Bacteria, 2. Homo sapien, 3. Lion, 4. Cheeta, 5.
Bear." Example of competent thinking: "I believe intelligence is the ability to think in
terms of surviving, communication, and having abstract thoughts (imagination) and taking
action based on these thoughts. Some examples of intelligence from humans and animals is
our ability to adapt to our surroundings (we move to regions with our ideal climates as do
animals), our ability to survive (humans build houses, animals seek shelter or build nests),
and our ways of communication (we speak, write, sign, etc. and animals chirp, howl, hiss,
purr etc.). Some distinctions are our malicious behavior compared to animals who behave
just to survive (some humans murder for fun whereas animals kill to survive and eat), our
curiosity compared to their repititive way of life (we yearn for discovery, inventions, travel
etc. whereas animals just focus on their simple lives), and our emotions compared to
animal emotions (we have a variety of emotions that not all animals have; empathy, pain,
greed, etc.—I know some animals do feel pain but not all). Not to mention morals, many
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animals are incapable of knowing what they should do. They can't form complex
relationships like humans either. Ranking, top to bottom: Humans, Primates, Dolphins,
Dogs/Cats, Rodents, Bugs, Bacteria."
Homework 7 requires students to watch and write a critical analysis of the
documentary We Are The Aliens. Example of naive thinking: "Very interesting
documentary, it was dramatic with the music, gave you a more eerie feeling watching it. I
felt it was missing a very important part, I would like to hear what the Indian Scientist
would have to say, as to the planetary NASA dude claiming the red rain to be red algae. I
believe the NASA guy is just trying to cover things up like the government always tries to
do. I believe the red rain came from space. I don't find it realistic that red algae can fall out
of the sky in such a vast quantity for the amount of time that it did. My conclusion: it's
extraterrestrial." Example of competent thinking: "The documentary was an interesting
compilation of theories, but I wished these theories had more opposing views. For
instance, at the end of the video, there was a short interview with a man from NASA who
disputed that Red Rain came from outer space and mentioned that it's more likely caused
by organisms from Earth. There wasn't any data shown to support his claim so I had to
Wiki it, and the article went more in depth about how it really is caused by spores and red
algae in the rain. I do not believe the red rain is extraterrestrial, and I think Lewis and his
colleagues know how shaky their "science" is. They seem to be controlling the tests and
the interpretations by disallowing peer reviews and including some basic tests. In the
documentary they never speak to the duration and recurrence of rain, something that seems
really important in this question. If it happens in once location for a long period and has
happened in that location more than once, it seems like there is some relationship between
that (terrestrial) location and the phenomenon. I believe the tiny organisms in the Red Rain
of Kerala came from Earth, and there is more data supporting that it didn't come from outer
space. People who have studied different biological kingdoms note the similarities between
the organisms found in Red Rain and spores/red algae. It is more likely that the color of the
rain came from local sources (rivers/oceans) containing red algae instead of outer space. So
my main criticism is I would have liked to have seen an equal amount of data from both
sides."
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Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Example of naive thinking: "I thought the documentary
was very interesting, but very depressing. Who would think that humans could die so
quickly and so easily. Although I don't believe that any of these crises would happen in my
lifetime." Example of competent thinking: "The documentary was relatively good in terms
of science and production, but it doesn’t include enough science for alternative scenarios.
For this reason it is important to do some extra reading to fully learn about the possibilities
of any of the scenarios. In other words, it was a good introduction to each scenario, but the
general public will come away with a doom-slanted perspective without further reading."
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Example of naive thinking: "I found the documentary
interesting at times, and really boring at times." Example of competent thinking: "I thought
this documentary was very interesting. I think that it's crazy that the Earth would recover
so quickly from human influence. According to the documentary, nature over takes it's
natural path. I liked how they provided real examples like the pyramids/sphinx and the
Chernobyl disaster to illustrate how nature can reclaim the environment. The world would
go on without a trace of humans after an insignificant amount of time in terms of the
lifetime of the planet. So, I think humans are very insignificant in the world. If an
intelligent civilization lived on Earth 100 million years ago there would be no way of
knowing. There is barely anything left from civilizations that lived 500 years ago, so to
think that anything could be found is illogical. Everything would have decayed by now.
This assumption is not based entirely on the idea that anything they left behind would be
destroyed by merely the passage of time, but also on the idea that external factors, such as
asteroids and ice ages and massive volcanic eruptions. It seems to me that the Earth
changes so often, geologically speaking, that it would be very difficult for evidence from
an advanced civilization to remain for us to examine."
Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Example of naive thinking: "I'm sick of these kinds of documentaries
and stuff that make me feel bad about our Earth. Someone from Green Peace stopped me
on the sidewalk last week and asked me if i wanted to save a dying baby ape. Leave me
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alone! I'm not killing baby apes!" Example of competent thinking: "This was a very good
documentary. It was able to capture Earth's natural beauty and demonstrate how much all
life on Earth depends on each other. I thought the cinematography in the film was
amazingly well done. The main message of the movie could not have been achieved
without the shots that they used. I had realized that humans were tearing through Earth's
resources, but I had never realized just how much damage we do every single day. It really
frightens me how much we consume and how little time we have left on this planet, if we
keep going at the rate we are. Man will destroy itself if we do not preserve what we
have. We will not destroy the Earth, it will exist long after we are gone, but we are
destroying the habitable environment that resulted after billions of years of evolution. We
are only hastening our own demise, not that of the Earth. It is a subtle difference in
argumentation, but a very important one, I think."
Homework 11 requires students to send a message to aliens. Example of naive
thinking: "The average human being isn't nice, peace loving, respectable person that
everyone wants us to portray to aliens. Many of us are greedy bastards who aren't afraid to
tell people off. So, I would send Bender". Example of competent thinking: "If I had to send
a message with only the resources and knowledge I have today, I would sent out into space
in various directions, multiple times, all the episodes of Planet Earth (the BBC versions). I
would do this because I think the beautiful series gives an adequate and balanced view of
earth despite the inevitable and unsolvable language barrier. With our current knowledge
we can never create a "universal language," the term is absolute rubbish because all we
know is our Human, Earthly languages... Aliens may not rely on mathematics or even have
language that we can comprehend (like telepathy). But I think if they saw the Planet Earth
series, they would develop a sense of what exactly Earth is and what exactly resides on
Earth. They may even begin to associate words they hear with the images they see (like
infants). I feel like coded messages are incredibly overwhelmingly complicated and not as
logical as they try to appear to be. What's the point in sending aliens this enigma of
numbers and colors that only a few people on Earth can even decipher? Infants and
animals can understand pictures well enough. Obviously, they would have to be able to
watch images and have the technology to play them, or else, my idea wouldn't work."
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Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Example of naive thinking: "I did not like that the
documentary took the view that aliens have not already visited earth. It brings up the 1950s
(I think) space craft crash were “alleged” aliens bodies were found. Why don’t they believe
that is true? I think the government “hides” an unbelievably large amount of information
from the public- the undercover technology they have would shock everyone- and why do
they keep some information to themselves? Power." Example of competent thinking: "The
first part of the documentary (1/5) wasn’t anything we haven’t seen. So that part was kind
of boring. I did like the point Seth Shostak made when he said that humans and squirrels
share 70% of the same DNA, yet we look nothing alike. Therefore, it would be very
unlikely if the aliens resembled us at all. It’s interesting to see all the various places in our
solar system that could potentially have life. Titan has a more probable chance of having
life. Organisms seem to be able to survive very extreme environments, and since the
geology is similar to Earth, Titan could already be home to many life forms that we have
been unable to see. The transition to technology is definitely unexpected but interesting to
see that about alien contact on Earth we would most likely run into a machine before we
come into contact with a biological form."
Homework 13 requires students to create a new solution to the Fermi Paradox.
Example of naive thinking: "42, becuase bananas are yellow, because aliens are shy,
because aliens dont want the enevitable swap of diseases. Personally, I consider all of
those answers equally likely." Example of competent thinking: "Based on my own solution
to the Drake equation, communicable civilizations are 5500 light years away. After a
certain distance something happens to our radio transmissions that we are unaware of
which may cause our signals to disappear (or get eaten by something) and never be reached
or get warped into a manner which would be impossible to decipher or understand. Or...the
planet is so advanced they have developed a barrier around their planet which allows
nothing

to

get
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(something
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need

to

avoid

catastrophic

comets/meteors/gamma rays etc.) including our forms of communication."
Homework 14 requires students to watch the film Alien Planet, and choose what was
their favorite alien in terms of possible reality. Example of naive thinking: "I thought the
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documentary was really interesting and very unique. The ideas that they came up with for
life as we don't know it were very original." Example of competent thinking: "I thoroughly
enjoyed the documentary. A lot of this is thanks to the fact that John C. McGinley was the
narrator, but also because of the imagination it showed. It's always hard to think about
what aliens would look like, since we're bound to be somewhat limited by our own
perceptions and the fact that we'll make them sort of like us, but I think Alien Planet
handled that as best it could. The story was fantastic, presented logical conclusions and
scenarios, and overall was extremely well done. My favorite alien was the Daggerist. It
was perfectly adapted to its environment, with a multitude of weapons and ways to attract
prey and kill and consume them."
Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Example of naive thinking: "The documentary
wasn't all too thrilling, because it wasn't a subject I was all too excited about." Example of
competent thinking: "The documentary about the evolution of science fiction was pretty
good. I was never really interested in science fiction growing up, and I was never aware of
its significance. This video gave me a good crash course in the development of the genre
and what it stands for. It is really interesting that these stories had the vision of what
technology would be developed in the future, and implemented them into the stories. The
most important point of the documentary to me was that it showed that the genre had a big
impact both socially and in the development of technology, that's pretty incredible!"
Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Example of naive thinking, not exemplifying from the documentary: "Evil is sexy- Darth
Vader is cool and we all want to be cool". Example of competent thinking: "Sometimes we
break laws or go to the "dark side" not because we want to harm but for what we think is a
good reason. Anakin wanting to learn how to save his wife from dying for example."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Example of naive thinking, without
giving evidences from the documentary, not exemplifying from the documentary: "The
documentary was good. I think I would have got it better if I liked Star Trek... I am a huge

318

Star Wars fans." Example of competent thinking: "I really enjoyed the documentary
because it made me stop and consider how different things were just 40 or 30 years ago!
To imagine that world is so odd to me, and it makes me appreciate the progress we've
made. I especially admire that they took this chance to show that we are all humans - races
should not matter! The clip with the half black and white faces was an excellent and
creative reflection of ourselves."
Homework 18 requires students to watch and write a critical analysis of the movie KPAX. Example of naive thinking, without giving evidences from the film, not exemplifying
from the movie: "Psychological institutions/practices can do more harm than good."
Example of competent thinking: "I enjoyed K-Pax quite a bit; much the same as I enjoyed
Patch Adams: while I was watching the film, and for about 20 minutes after it was over.
After that, I quickly forgot most of the details because it was a plot that has been recycled
and reused ad nauseam in Hollywood. Despite that sorry fact, K-Pax is not a bad movie. I
liked how they would juxtapose images, reflections, even viewpoints, in an artistically
subtle effort to emphasize the overarching theme of the film. I do believe that the makers
of the movie intended the audience to view Prot as an Alien. BUT, let us examine the issue
from the standpoint of reality. To facilitate the drawing of comparisons, I will make Austin
the setting of Prot's arrival. With that in mind, if the only person to see Prot "appear" out
of time and space was a homeless guy--like the one off of I-35 with the sign that says
"Why lie, I need a beer," for example--would we really be so likely to take his word for it?
I don't know about everyone else, but I am pretty sure that I would be unlikely to take his
word as proof of such an outrageous claim. In fact, I have found it hard to believe in much
less outrageous stories that were told to me by homeless dudes. Also, if Einstein was able
to define the Universe without the luxury of equipment capable of proving his definitions,
then why is it impossible for another human being to "know" so many details about a faroff binary star system? What if the astronomers in the planetarium were the foremost
astronomers from the local community college, or maybe they were not as smart as they
were made out to be? Also, since the star system was too far away for them to definitively
examine, would it not be perfectly logical for Prot to place planets where they do not
actually exist? Who is going to prove him wrong if they cannot see more than a dot of
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light--which is supposed to be Prot's two stars--in the sky? Although this was clearly not
the case, I believe the creators purposely left these logical questions unanswered so as to
leave open to discussion the possibility that Prot really is just a deranged Porter. In
conclusion, I would say that the evidence points to Prot not being an Alien, but a super
intelligent, physiologically unprecedented human being. The message that I found to be
most prevalent is that the human mind can make fiction into reality, the impossible into the
possible, and even the hopeless into the hopeful. Porter made himself into an Alien by
regressing into the recesses of his mind and allowing Prot to take full control of his mind
and body. In so doing, Porter not only buries the incredibly traumatic experiences of his
past, but he also helps his fellow patients to overcome their own obstacles. All it takes to
"cure" some of the others is instilling the hope of recovery; once they believe that Prot will
cure them, they unwittingly will themselves into good health. To imbue that sense of hope,
Prot uses descriptions of K-Pax, which is not a real planet, but a fictional one that
represents Porter's safe-haven (within his own mind); this is the only way that Porter/Prot
is able to show the others how to overcome their own mental issues."
Homework 19 requires students to reflect about astrobiology. Example of naive
thinking: "Astrobiology is biology outside of this world." Example of competent thinking:
"Before this course if someone asked me what I thought about astrobiology I would not
have had a clue as how to respond. Now after the course I feel confident I can give a good
general idea of my perception of astrobiology. I will begin by discussing my perception of
astrobiology and how it changed as a result of this course. Proceed by how astrobiology is
similar and different from other aspects of science. Then closing with what I feel I gained
from learning about astrobiology. Astrobiology is the study of the possibility of life in
space, the search for how and where life is probable to derive in space. All ideas of where
life is probable to develop are based on what we know about life on earth. Meaning
speculations are made only if the place where we are making speculations about has some
of the key factors for life on earth, such as water. But when looking at the some of the life
on earth we note life is capable of thriving in extreme environments. This opens up the
possibilities of where can develop. One example of these extremophiles was in one of the
documentaries we watched, a scientist was studying life found in extremely hot water, I
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believe the water was even toxic to humans. Another example is life found in Antarctica,
Lake Vostok is 4,000 meters underground where the environment is very rich in oxygen.
Life was found in between the surface and Lake Vostok; scientists believe the life came
from the underground lake. My favorite case of life found in extreme conditions was in the
cave of Mexico that produces the gas toxic to humans known as hydrogen sulfide. Scientist
had to enter the cave using gas masks and found life that thrive in these conditions so
deadly to humans. These examples provide astrobiologists with life found in areas once not
considered to have life, thus opening the possibilities of where life can develop. I feel this
can be applied to on an even larger scale, opening the possibility of life to develop outside
the solar systems “habitable zone”, if we found life on earth where we once thought it
wasn’t possible why can we apply it to an even larger scale? This transition perfectly to
principles of Uniformity/Plentitude/Mediocrity, which basically mean there is no special
place in the universe, the natural laws of earth are constant throughout the Universe, and
everything that can happen will happen. I feel astrobiology is based on these principles,
which lead to the acceptance of pluralism; the idea of extrasolar planets with life. Pluralism
is something that has yet to be proven, and when astrobiologists believe in pluralism, I feel
this leap of faith is what separates Astrobiology from other branches of Biology and
sciences in general. When making the comparison of astrobiology to other branches of
biology and sciences, I feel the biggest difference is, the fact that proof of any
extraterrestrial life has yet to be confirmed. I think astrobiology is questioning life in
general, questioning if we are the aliens ourselves. It studies life on the broadest scale. Not
experimenting with life on earth so much as using life on earth as a template to predict life
in other areas of the universe. I would say one of the ways astrobiology differs and is
similar to other sciences is in the department of imagination and critical thinking.
Imagination and critical thinking are crucial aspects to experiments of all sciences, but I
would say astrobiology takes the cake since there are no real limitations to the possibilities
of extraterrestrial life to develop. We might use the key aspects of life on earth as a
template to hinting where life could exist, but we only we use it as a template because it is
what we know about life on earth, but I feel life in extrasolar planets could possibly come
about in a way completely different than our way of life, thus critical thinking and
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imagination are crucial. My perception of astrobiology has dramatically changed because
of what I have learned. The knowledge I have gained of life thriving in extreme
environments on earth, the amount of planets and moons on our solar system with the key
aspects of life, such as water. Learning about the profound number of stars in the universe
whom all could possibly have planets, learning about the number of extrasolar planets
already discovered. Now I am much more open to the possibility of extraterrestrial life to
exist. Coming from a Catholic family, science in general questions the Catholic/Christian
beliefs, science says we are bacteria, and I guess it’s proved since we have many bacteria
in our digestive system. I feel if we are bacteria than there are aliens. I find it most
challenging conversing to some of my Christian friends about astrobiology, it totally steps
on their toes, and most roll their eyes to idea of extraterrestrial life. But now I feel like it is
my obligation to give these people a new perception of life with the knowledge I have
learned. Not to change their minds completely but if I can open their minds to the slightest
extent I will be happy. All in all what I have learned to appreciate most about astrobiology
is the balance that is incorporated with it. The balance is vital, it doesn’t allow scientist to
constantly be making wild speculations of where life could be or what it could look like,
but rather scientist use life on earth to balance the speculations. This was also a key aspect
and my favorite aspect of science fiction. Throughout science fiction history they took
normal aspects of life, and used their imagination to create something exciting and new.
These ideas ultimately have lead to our daily lives to be changed forever. I feel the biggest
change was the idea of the cell phone taken from Star Trek. Now items such as the cell
phone are norms of our daily lives. The balance necessary in astrobiology is not a lesson
specific to this branch of biology; it is not a lesson specific to science in general. It is a
lesson of life, a way to live your life to allow you to do all the things you wish and not
topple over to one side and be inhibited from doing the things you want. A scientist over
the summer told me about balance, and seeing it present in astrobiology has convinced me
of its importance. Keeping a balance will be a way of life I will work towards living for the
rest of my life."
Homework 20 asks what an alien looks like. Example of naive thinking: a student gave
evidences for bacteria being extraterrestrial life, and then, without any evidences
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supporting it, sent a picture of an alien that is a human from the television series Third
Rock from the Sun. Example of competent thinking: "Alien life that we might meet could
be simple unicellular life forms like bacteria or life forms totally beyond our current
comprehension. For this reason I really can't select a picture to accurately describe what an
alien may look like."

5.4.4.2 Results
In the first homework assignment, 15 students (83%) presented a naive view and 3
students (17%) showed competent thinking. In the second homework, 10 students (56%)
presented a naive view and 8 students (44%) showed competent thinking. In the third
homework, 9 students (50%) presented a naive view and 9 students (50%) showed
competent thinking. In the fourth homework, 10 students (56%) presented a naive view
and 8 students (44%) showed competent thinking. In the fifth homework, 1 student didn't
do the homework, and thus in 17 students, 7 students (41%) presented a naive view and 10
students (59%) showed competent thinking. In the sixth homework, 9 students (50%)
presented a naive view and 9 students (50%) showed competent thinking. In the seventh
homework, 9 students (50%) presented a naive view and 9 students (50%) showed
competent thinking. In the eighth homework, 2 students didn't do the homework, and thus
in 16 students, 8 students (50%) presented a naive view and 8 students (50%) showed
competent thinking. In the ninth homework, 8 students (44%) presented a naive view and
10 students (56%) showed competent thinking. In the tenth homework, 5 students (28%)
presented a naive view and 13 students (72%) showed competent thinking. In the eleventh
homework, 8 students (44%) presented a naive view and 10 students (56%) showed
competent thinking. In the twelfth homework, 8 students (44%) presented a naive view and
10 students (56%) showed competent thinking. In the thirteenth homework, 7 students
(39%) presented a naive view and 11 students (61%) showed competent thinking. In the
fourteenth homework, 1 student didn't do the homework, and thus in 17 students, 4
students (24%) presented a naive view and 13 students (76%) showed competent thinking.
In the fifteenth homework, 1 student didn't do the homework, and thus in 17 students, 5
students (29%) presented a naive view and 12 students (71%) showed competent thinking.
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In the sixteenth homework, 2 students didn't do the homework, and thus in 16 students, 6
students (37%) presented a naive view and 10 students (63%) showed competent thinking.
In the seventeenth homework, 2 students didn't do the homework, and thus in 16 students,
5 students (31%) presented a naive view and 11 students (69%) showed competent
thinking. In the eighteenth homework, 1 student didn't do the homework, and thus in 17
students, 4 students (24%) presented a naive view and 13 students (76%) showed
competent thinking. In the nineteenth homework, 1 student (6%) had a naive view and 17
students (94%) showed competent thinking. In the twentieth homework, 2 students (11%)
presented a naive view and 16 students (89%) showed a competent thinking notion.
Figure 5.22 shows the evolution of arguments based on evidence throughout the
homeworks. Students improve their argumentation, and thus their competency in thinking,
throughout the homeworks. When we assume a linear progression (Figure 5.23), gradual
improvement of competent thinking and gradual decline of naive thinking, within
evaluation of evidences, are evident.

Figure 5.22 - Progression of naive and competent thinking views on arguments based on
evidences throughout the homework assignments.
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Figure 5.23 - Progression of naive and competent thinking views with arguments based on
evidences, as a function of number of classes which is seen in the number of homework
assignments. The blue and red lines represent linear regression analyses for naive and
competent thinking.

5.4.4.3 Discussion
From the analysis of this indicator, arguments based on evidences, Figure 5.22 shows
that in the first homework there is a greater presence of naive argumentation and
throughout the course a greater decline in naive argumentation, while at the same time the
strength in argumentation based on evidences, the competent thinking, has improved. The
transition point (Figure 5.23) seems to be very early in the course, around the seventh
homework, which indicates that early in the course students learn that they should argue
using evidences.
Thus, Figures 5.22 and 5.23 show a decrease in naive thinking and improvement of
competent thinking skills within the indicator of evaluation of evidences. Students are able
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to argue more based on evidences towards the end of the course. It may be inferred from
the data that if homework assignments are increased, an increase in competetent thinking
would also occur and naive thinking among students would continue to decrease. There are
a few contradictions in the trend, for example, on homework assignments 11 and 20 (after
students doing so great on homework 19). But these homeworks belong to the "personal
group" of homeworks, where students write more about their own beliefs and personal
opinions. So, it should not be surprising that when asked about their opinions and beliefs,
some students did not use evidence to support their arguments. Without these, the trend
would be more evident and the R squared would be much higher. Essentially, one would
be able to predict that most students provide arguments based on evidences by the end of
the course when analyzing information given by the media.
Thus, when analyzing the homework assignments within evaluation of evidences, the
course is effective in terms of enhancing competent thinking among students.

5.4.5 Sophistication of the Answers
In this indicator, identification of sophisticated answers, with deeper, thoughtful, more
scientific opinions, instead of the more popular, media-driven, views is important. Thus, if
a student is critically analyzing a media program, for example, in his/her analysis the
student should provide deeper, more sophisticated scientific analysis, not just a mediadriven opinion or a quick very-short opinion with no basis whatsoever. The critical
analysis must include a sophisticated way of thinking, instead of the popular no-brainer
twitter-version common in this age of information where simple and quick information
substitutes thoughtful, complex and knowledgeable information.
In this indicator, answers reflecting naive thinking would include a popular, mediadriven, quick and superficial analysis, while competent thinking-type answers would show
deeper, thoughtful, complex, scientific and knowledgeable analyses.
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5.4.5.1 Methods
From the 2009 homework assignments, two examples taken from the students'
responses follow: one characterized as competent thinking and another characterized as
naive thinking.
Homework 1 asks what an alien looks like. Example of naive thinking: "Very
humanoid. A grey in a spacesuit." Example of competent thinking: "I cannot say whether I
"believe" in Aliens because, really, the question is not a matter of belief, but rather of
examination and critical contemplation of the evidence, or proof, of the possibility that
these beings truly exist. That said, I do admit to the possibility of the existence of life in
the Universe."
Homework 2 asks students to watch the episode Astrobiology, and state where is
present a philosophical principle at the basis of astrobiology and explain why. An example
of naive thinking woud be for students to give an answer where no principle was present,
or without naming the principle, or without explaining it, or without telling where the
principle was present. Example of competent thinking: "Principle of Mediocrity in the 2nd
Video. Around the 3 minute mark of the second video, NASA scientist Chris McKay
discusses three alternative theories regarding the beginning of life on our planet. The first
two theories are, more or less, supportive of the idea that the materials/potential for life
were already on the Earth, which could be interpreted as supporting the assertions of our
"special place" in the Universe. Yet the third theory, which states that the first organisms
on Earth could have come from beyond our planet's gravitational sphere of influence,
clearly supports the Principle of Mediocrity in so far that it would seem to counter any
such claims to an Eathly monopoly of life in the Universe."
Homework 3 requires students to listen to Orson Welles radio broadcast and write a
critical analysis comparing to today. Example of naive thinking: "I think if I were listening
to the entire broadcast, from the very beginning, I would have known that it was fiction.
But I would still be alarmed by what I was hearing". Example of competent thinking: "At
first, I thought the broadcast was trying to prove how easily influenced people’s
perceptions can be. The fact that the farmer was listening to the mars broadcast makes it
seem like that is why he perceived the loud noise and a green streak in the sky. Hearing the
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person report live he saw the gray snakes with black eyes would have convinced most
people it was real. If I had heard it in 1938, I would be in fear because I doubt alien
sightings were common, and therefore wouldn’t know what to think, plus the broadcast
makes the ETs seem scary. I think this broadcast is great for its time. Today, I would heard
it and said, “Finally!” (But if I listened to the whole thing, I would get more and more
disappointed). The ending definitely makes it seem too far fetched and over dramatic, he
talks about the alien’s machine-like legs, which would make it different from the other
report. For a while it was exciting!"
Homework 4 is about the movie Contact. Students should write two messages that the
movie wants to transmit. Example of naive thinking: "Can religious people and scientist
coexist." Example of competent thinking: "1) The first possible message is that contact
with
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Extraterrestrials do not have to land on the Earth with spaceships, nor do they have to be
encountered by space-traveling humans in the future. Terrestrial and extraterrestrial beings
may have their initial encounter when a wave of light transmitting from Earth meets one
transmitting from a distant star, which is essentially the premise of the movie. 2) The
second message is much more 'earthly', thus more pertinent to contemporary society, in its
intent: bureaucracy, in every sense of the word, can be a great help, or an insurmountable
hindrance, to the search for extraterrestrial life. Although the bureaucrats decided to
continue their support for Arroway (Jodie Foster) in the end of the movie, there were
several times during the film when it appeared that the loss of funding would doom the
continuation of research. Assuming that an eccentric billionaire does not decide to put their
wealth at the disposal of research efforts, national governments are the most viable way to
sufficiently fund such efforts. Bureaucrats have control of those funds, hence bureaucratic
institutions have the ability to either make or break the search for extraterrestrial life."
Homework 5 requires students to watch the documentary Evolution of life, and making
a critical analysis of it. Example of naive thinking: "There was nothing really surprising to
me in this documentary. The one thing I liked was the excuse needed to create a powerful
gun." Example of competent thinking: "One of the most important lessons I was reminded
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of was that life made this planet suitable for more diverse life. I liked how the format of the
movie was made into a 24-hour time analogy. It really puts our life compared to Earth's life
in perspective. It's unbelievable how young we are compared to the planet. I really like
how the movie covered many methods of finding early life, the deep caves and the sulfur
caves, not just one. I was surprised to hear that our existence and respiratory system
depends on the cyanobacteria's ability to produce oxygen for several billion years to create
the atmosphere we can live and breathe in. An important lesson from the documentary is
the emphasis of how life began in such inhabitable conditions from such tiny organisms. I
believe this makes it much more possible for life to exist on other planets. Planets that
seem inhabitable (like ours) just need time for a few things to happen (comets, tiny
bacteria, etc.). I like this idea because if we open up our minds to thinking that the
ingredients for life came from “out there,” then the ingredients for life are still out there.
Perhaps those ingredients (which could vary depending on the place) are waiting for a
planet to have the right conditions that will allow the seed of life to grow."
Homework 6 asked for the definition of intelligence and then for a ranking of lifeforms. Example of naive thinking: "Intelligence is the ability to make decisions". Example
of competent thinking: "I believe intelligence is the ability to think in terms of surviving,
communication, and having abstract thoughts (imagination) and taking action based on
these thoughts. Some examples of intelligence from humans and animals is our ability to
adapt to our surroundings (we move to regions with our ideal climates as do animals), our
ability to survive (humans build houses, animals seek shelter or build nests), and our ways
of communication (we speak, write, sign, etc. and animals chirp, howl, hiss, purr etc.).
Some distinctions are our malicious behavior compared to animals who behave just to
survive (some humans murder for fun whereas animals kill to survive and eat), our
curiosity compared to their repititive way of life (we yearn for discovery, inventions, travel
etc. whereas animals just focus on their simple lives), and our emotions compared to
animal emotions (we have a variety of emotions that not all animals have; empathy, pain,
greed, etc.—I know some animals do feel pain but not all). Not to mention morals, many
animals are incapable of knowing what they should do. They can't form complex
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relationships like humans either. Ranking, top to bottom: Humans, Primates, Dolphins,
Dogs/Cats, Rodents, Bugs, Bacteria."
Homework 7 requires students to watch and write a critical analysis of the
documentary We Are The Aliens. Example of naive thinking: "I believe in Panspermia; I
think it is true. I think it important that the theory accepts the fact that we are one with this
universe, and it is possible for one part of space to share an experience with another part,
and also because the principal of plenitude. However, I do not doubt that life could have
started on Earth". Example of competent thinking: "The documentary was an interesting
compilation of theories, but I wished these theories had more opposing views. For
instance, at the end of the video, there was a short interview with a man from NASA who
disputed that Red Rain came from outer space and mentioned that it's more likely caused
by organisms from Earth. There wasn't any data shown to support his claim so I had to
Wiki it, and the article went more in depth about how it really is caused by spores and red
algae in the rain. I do not believe the red rain is extraterrestrial, and I think Lewis and his
colleagues know how shaky their "science" is. They seem to be controlling the tests and
the interpretations by disallowing peer reviews and including some basic tests. In the
documentary they never speak to the duration and recurrence of rain, something that seems
really important in this question. If it happens in once location for a long period and has
happened in that location more than once, it seems like there is some relationship between
that (terrestrial) location and the phenomenon. I believe the tiny organisms in the Red Rain
of Kerala came from Earth, and there is more data supporting that it didn't come from outer
space. People who have studied different biological kingdoms note the similarities between
the organisms found in Red Rain and spores/red algae. It is more likely that the color of the
rain came from local sources (rivers/oceans) containing red algae instead of outer space. So
my main criticism is I would have liked to have seen an equal amount of data from both
sides."
Homework 8 requires students to watch and write a critical analysis of the
documentary Last Days on Earth. Example of naive thinking: "I think the film is
unnecessary." Example of competent thinking: "The documentary was well produced and
made some good points, but the fearmongering was over the top in my opinion. All the
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things they mentioned are legitimate causes of our extinction, but still, they could have
presented their case without being so doomsday about it. The situations they describe are
morbid and apocalyptic enough without them playing up the ominous music."
Homework 9 requires students to watch and write a critical analysis of the
documentary Life After People. Example of naive thinking: "I found the documentary
interesting at times, and really boring at times." Example of competent thinking: "I thought
this documentary was very interesting. I think that it's crazy that the Earth would recover
so quickly from human influence. According to the documentary, nature over takes it's
natural path. I liked how they provided real examples like the pyramids/sphinx and the
Chernobyl disaster to illustrate how nature can reclaim the environment. The world would
go on without a trace of humans after an insignificant amount of time in terms of the
lifetime of the planet. So, I think humans are very insignificant in the world. If an
intelligent civilization lived on Earth 100 million years ago there would be no way of
knowing. There is barely anything left from civilizations that lived 500 years ago, so to
think that anything could be found is illogical. Everything would have decayed by now.
This assumption is not based entirely on the idea that anything they left behind would be
destroyed by merely the passage of time, but also on the idea that external factors, such as
asteroids and ice ages and massive volcanic eruptions. It seems to me that the Earth
changes so often, geologically speaking, that it would be very difficult for evidence from
an advanced civilization to remain for us to examine."
Homework 10 requires students to watch and write a critical analysis of the
documentary Home. Example of naive thinking: "I'm sick of these kinds of documentaries
and stuff that make me feel bad about our Earth. Someone from Green Peace stopped me
on the sidewalk last week and asked me if i wanted to save a dying baby ape. Leave me
alone! I'm not killing baby apes!" Example of competent thinking: "This was a very good
documentary. It was able to capture Earth's natural beauty and demonstrate how much all
life on Earth depends on each other. I thought the cinematography in the film was
amazingly well done. The main message of the movie could not have been achieved
without the shots that they used. I had realized that humans were tearing through Earth's
resources, but I had never realized just how much damage we do every single day. It really
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frightens me how much we consume and how little time we have left on this planet, if we
keep going at the rate we are. Man will destroy itself if we do not preserve what we
have. We will not destroy the Earth, it will exist long after we are gone, but we are
destroying the habitable environment that resulted after billions of years of evolution. We
are only hastening our own demise, not that of the Earth. It is a subtle difference in
argumentation, but a very important one, I think."
Homework 11 requires students to send a message to aliens. Example of naive
thinking: "The average human being isn't nice, peace loving, respectable person that
everyone wants us to portray to aliens. Many of us are greedy bastards who aren't afraid to
tell people off. So, I would send Bender". Example of competent thinking: "If I had to send
a message with only the resources and knowledge I have today, I would sent out into space
in various directions, multiple times, all the episodes of Planet Earth (the BBC versions). I
would do this because I think the beautiful series gives an adequate and balanced view of
earth despite the inevitable and unsolvable language barrier. With our current knowledge
we can never create a "universal language," the term is absolute rubbish because all we
know is our Human, Earthly languages... Aliens may not rely on mathematics or even have
language that we can comprehend (like telepathy). But I think if they saw the Planet Earth
series, they would develop a sense of what exactly Earth is and what exactly resides on
Earth. They may even begin to associate words they hear with the images they see (like
infants). I feel like coded messages are incredibly overwhelmingly complicated and not as
logical as they try to appear to be. What's the point in sending aliens this enigma of
numbers and colors that only a few people on Earth can even decipher? Infants and
animals can understand pictures well enough. Obviously, they would have to be able to
watch images and have the technology to play them, or else, my idea wouldn't work."
Homework 12 requires students to watch and write a critical analysis of the episode
Search for Extraterrestrial Life. Example of naive thinking: "Europa has the best chance
to have extraterrestrial life." Example of competent thinking: "The first part of the
documentary (1/5) wasn’t anything we haven’t seen. So that part was kind of boring. I did
like the point Seth Shostak made when he said that humans and squirrels share 70% of the
same DNA, yet we look nothing alike. Therefore, it would be very unlikely if the aliens
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resembled us at all. It’s interesting to see all the various places in our solar system that
could potentially have life. Titan has a more probable chance of having life. Organisms
seem to be able to survive very extreme environments, and since the geology is similar to
Earth, Titan could already be home to many life forms that we have been unable to see.
The transition to technology is definitely unexpected but interesting to see that about alien
contact on Earth we would most likely run into a machine before we come into contact
with a biological form."
Homework 13 requires students to create a new solution to the Fermi Paradox.
Example of naive thinking: "42, becuase bananas are yellow, because aliens are shy,
because aliens dont want the enevitable swap of diseases. Personally, I consider all of
those answers equally likely." Example of competent thinking: "We are a sunburn. Aliens
are in fact the Earth, the planet. There are many planets in the solar system, or as we would
say in our own terms, many people, many bodies. These planets are sentient creatures,
people. Mercury is a small dude, Jupiter has weight issues. We are simply some form of
medical condition. Just like we get sunburns, which then peel and can turn into cancer, we
are a sunburn on our alien, our planet, our Earth. We developed and started building things,
like the sunburn flaking, and now we are at risk of destroying our alien. All of the "natural
phenomena" we think of as bad, like tsunamis and earthquakes and volcanoes, are actually
medical treatments the alien is experimenting with in an attempt to get us the hell off of it.
It is sending us a message, but of course we don't understand because we simply think we
live on a volatile planet."
Homework 14 requires students to watch the film Alien Planet, and choose what was
their favorite alien in terms of possible reality. Example of naive thinking: "I thought the
documentary was really interesting and very unique. The ideas that they came up with for
life as we don't know it were very original." Example of competent thinking: "I thoroughly
enjoyed the documentary. A lot of this is thanks to the fact that John C. McGinley was the
narrator, but also because of the imagination it showed. It's always hard to think about
what aliens would look like, since we're bound to be somewhat limited by our own
perceptions and the fact that we'll make them sort of like us, but I think Alien Planet
handled that as best it could. The story was fantastic, presented logical conclusions and
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scenarios, and overall was extremely well done. My favorite alien was the Daggerist. It
was perfectly adapted to its environment, with a multitude of weapons and ways to attract
prey and kill and consume them."
Homework 15 requires students to watch and write a critical analysis of the
documentary Evolution of Science Fiction. Example of naive thinking: "The documentary
wasn't all too thrilling, because it wasn't a subject I was all too excited about." Example of
competent thinking: "The documentary was very well put together. It gave a very clear and
detailed history of science fiction as a genre, even when it was considered fantasy. I
actually learned about how the magazines were called "Amazing Stories". I never knew
those existed. I always thought it was specially made for Back to the Future, but after
seeing this documentary, it makes much more sense now. I think the most important
message that we can take from this documentary is that over the years, science fiction has
changed from sensationalized movies about monsters from outer space into a genre more
based on science than fiction. Because of this change, there have been many advents in the
real world that were probably born from science fiction, like the cellular phone or webcam"
Homework 16 requires students to watch the documentary Star Wars - The Legacy
Revealed and they should provide three messages that those movies wanted to transmit.
Example of naive thinking: "Family helps complete the circle." Example of competent
thinking: "Good people aren't hard to find, you just have to keep your mind open. From the
wise old Obi-Wan to the little hermit Yoda, Luke got his knowledge and inspiration from
some strange characters. Even Han Solo, who seems pretty sketchy at first, turns out to be
a good guy after all."
Homework 17 requires students to watch and write a critical analysis of the
documentary How Star Trek Changed the World. Example of naive thinking: "Interracial
relations is only okay if you're being possessed by aliens, thus, gay marriage should be
allowed if they were possessed by aliens." Example of competent thinking: "Imagination is
much faster than technology, but not that much faster. It's interesting to see how the most
creative thoughts that were put into Star Trek, like opening doors and cell phones, were
amazing at the time, but seem less creative now simply because we know that cell phones
aren't the futuristic technology of the distant future. As creative as they were, their
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imaginations were limited by the technology and information that was already around. So
creativity is based on technology just as much as technology is based on creativity. To me,
that was the most interesting aspect the doc presented."
Homework 18 requires students to watch and write a critical analysis of the movie KPAX. Example of naive thinking: "Psychological institutions/practices can do more harm
than good." Example of competent thinking: "I thought the movie was very interesting
when I first watched it. I watched it a few more times after that, and I really love this
movie. I’m not sure if it is because it reminds me of “One Flew Over The Cuckoo’s Nest”
a little bit or what, but I always enjoy watching this movie. It’s a movie that makes you
feel good, and it also makes you think. It makes you think about how we live our everyday
lives and about the possibility that life exists outside of our planet, and it has the ability to
walk among us. I also like that it is a science fiction movie/psychological drama movie.
What I don’t like about this movie is the dramatic shift it makes toward convincing the
audience not to believe in Prot. The movie changes direction halfway through, and the
transition could have been done a lot better. That being said…I’m probably going to watch
it again…and again. Kevin Spacey and Jeff Bridges are just too good to turn away from. I
think that Prot is an Alien. He knows too much about space not to be an alien. It is also
pretty convincing that he really did travel to Earth from a beam of light because he just
“appeared out of nowhere”. He even escapes from the mental institution, and no one can
find him until he suddenly gets back. He acts completely different from most humans on
Earth, and he seems beyond human emotions that we humans have. Of course, during his
hypnotism sessions, he displayed fear and sadness. The movie has a lot of evidence for
either scenario, but I think that he is more of an Alien than a crazy hipster. I think that this
film send out the message that humans are cynical and selfish. No one even entertains the
idea that he is from another planet, except for the “crazy” people. Jeff Bridges’ wife is an
example of this. She tells Prot, “you don’t know what you’re missing”, as if her way of life
was in some way superior to his. Humans have this uncanny desire to prove or disprove
things, instead of just taking them for what they are. The absence of evidence is not the
evidence of absence."
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Homework 19 requires students to reflect about astrobiology. Example of naive
thinking: "Astrobiology is biology outside of this world." Example of competent thinking:
"Astrobiology is interesting because we have no evidence of extraterrestrial life, yet we
have a specific science on the subject of life outside of Earth. In studying Astrobiology,
we can search, learn, and predict about possible life in the Universe using other major
sciences like Chemistry, Biology, Astronomy, and Physics. Astrobiology is important
because it provides guidance for human curiosity. It is in human nature to be intrigued by
the mysterious and unknown. Since the beginning of time, men have looked to the night
sky wondering what is out there and what it means. Also, Astrobiology is important
because it is a study about us. We look for life outside of our own to answer our incessant,
human question: Why are we here? What is our purpose? What is our place in the
Universe? And finally, are we alone? Astrobiology prepares us for the answers to these
questions. The study also allows us to explore for possible extraterrestrial life. And when
we come in contact with alien life, which I believe we will, we will have some knowledge
of what to expect. Furthermore, Astrobiology is one of the most common sciences
discussed in television, movies, and literature. Our curiosity with the unknown has
produced some of the most popular entertainment in our culture. Star Trek, Star Wars,
Alien, K-Pax, and Contact are just a few examples of Astrobiology used in popular culture.
Astrobiology is the study of life outside the Earth. Although there is no evidence of such, it
is important to men to search and predict what life would be like on another planet. Life on
another planet would teach us about the Universe, but most importantly, it would teach us
about ourselves."
Homework 20 asks what an alien looks like. Example of naive thinking: a student gave
evidences for bacteria being extraterrestrial life, and then sent a picture of an alien that is a
human from the television series Third Rock from the Sun. Example of competent thinking:
"Alien life that we might meet could be simple unicellular life forms like bacteria or life
forms totally beyond our current comprehension. For this reason I really can't select a
picture to accurately describe what an alien may look like."
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5.4.5.2 Results
In the first homework assignment, 16 students (89%) presented a naive view and 2
students (11%) showed competent thinking. In the second homework, no students (0%)
presented a naive view and 18 students (100%) showed competent thinking. In the third
homework, 6 students (33%) presented a naive view and 12 students (67%) showed
competent thinking. In the fourth homework, 6 students (33%) presented a naive view and
12 students (67%) showed competent thinking. In the fifth homework, 1 student didn't do
the homework, and thus in 17 students, 3 students (18%) presented a naive view and 14
students (82%) showed competent thinking. In the sixth homework, 11 students (61%)
presented a naive view and 7 students (39%) showed competent thinking. In the seventh
homework, 2 students (11%) presented a naive view and 16 students (89%) showed
competent thinking. In the eighth homework, 2 students didn't do the homework, and thus
in 16 students, 2 students (12%) presented a naive view and 14 students (88%) showed
competent thinking. In the ninth homework, 2 students (11%) presented a naive view and
16 students (89%) showed competent thinking. In the tenth homework, 2 students (11%)
presented a naive view and 16 students (89%) showed competent thinking. In the eleventh
homework, 9 students (50%) presented a naive view and 9 students (50%) showed
competent thinking. In the twelfth homework, 2 students (11%) presented a naive view and
16 students (89%) showed competent thinking. In the thirteenth homework, 8 students
(44%) presented a naive view and 10 students (56%) showed competent thinking. In the
fourteenth homework, 1 student didn't do the homework, and thus in 17 students, 1 student
(6%) presented a naive view and 16 students (94%) showed competent thinking. In the
fifteenth homework, 1 student didn't do the homework, and thus in 17 students, 1 student
(6%) presented a naive view and 16 students (94%) showed competent thinking. In the
sixteenth homework, 2 students didn't do the homework, and thus in 16 students, 3 students
(19%) presented a naive view and 13 students (81%) showed competent thinking. In the
seventeenth homework, 2 students didn't do the homework, and thus in 16 students, 3
students (19%) presented a naive view and 13 students (81%) showed competent thinking.
In the eighteenth homework, 1 student didn't do the homework, and thus in 17 students, 1
students (6%) presented a naive view and 16 students (94%) showed competent thinking.
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In the nineteenth homework, 2 students (11%) had a naive view and 16 students (89%)
showed competent thinking. In the twentieth homework, 1 student (6%) presented a naive
view and 17 students (94%) showed a competent thinking notion.

Figure 5.24 shows the evolution of the sophistication of the answers throughout the
homework assignments. Students improve their responses, and thus their competency in
thinking, throughout the homeworks. When we assume a linear progression (Figure 5.25),
gradual improvement of competent thinking and gradual decline of naive thinking, within
the sophistication of the answers, are evident.

Figure 5.24 - Progression of naive and competent thinking views on sophistication of the
answers throughout the homework assignments.
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Figure 5.25 - Progression of naive and competent thinking views with sophistication of the
answers, as a function of number of classes which is seen in the number of homeworks. The
blue and red lines represent linear regression analyses for naive and competent thinking.

The trend in the progression is not readily apparent; therefore these results are not
meaningful in predicting the outcomes of future homework assignments; nevertheless there
seems to be a clear distinction between groups: the personal group clearly stands out in a
very strong way.
Figure 5.26 shows the evolution of the sophistication of the answers within the media
group of homeworks. Students improve their responses, although slightly, and thus their
competency in thinking, throughout the homework assignments. When we assume a linear
progression (Figure 5.27), a gradual improvement of competent thinking and a gradual
decline of naive thinking, within the sophistication of the answers, are noted.
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Figure 5.26 - Progression of naive and competent thinking views on sophistication of the
answers within the media group of homework assignments.

Figure 5.27 - Progression of naive and competent thinking views with sophistication of the
answers, as a function of number of classes which is seen in the number of homework
assignments. The blue and red lines represent linear regression analyses for naive and
competent thinking.
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Figure 5.28 shows the evolution of the sophistication of the answers within the
personal group of homeworks. Students greatly improve their responses, and thus their
competency in thinking, throughout the homework assignments. When we assume a linear
progression (Figure 5.29), a gradual improvement of competent thinking and a gradual
decline of naive thinking, within the sophistication of the answers, are noted.

Figure 5.28 - Progression of naive and competent thinking views on sophistication of the
answers within the personal group of homework assignments.

341

Figure 5.29 - Progression of naive and competent thinking views with sophistication of the
answers, as a function of number of classes which is seen in the number of homework
assignments. The blue and red lines represent linear regression analyses for naive and
competent thinking.

5.4.5.3 Discussion
From the analysis of this indicator, sophistication of the answers, Figure 5.24 shows
that students improve their responses, with deeper, thoughtful, more scientific opinions,
instead of the more popular, media-driven, views, towards the end of the course. Although
there is a gradual progression towards a deeper, more sophisticated scientific analysis, and
not just a popular, quick, superficial opinion, the fact is that the change is rather sporadic,
indicated by a low R squared (Figure 5.25).
There are a few contradictions in the trend. In this indicator those differences are more
accentuated. In fact, the differences enable us to divide the homeworks into two groups:
personal group and media group. The media group is associated with analyzing media,
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evaluating claims, considering evidence, and making consistent arguments. The personal
groups is associated with reflections on personal beliefs about extraterrestrial life.
Figures 5.26 shows the progression of naive and competent thinking views within the
media group of homeworks. Students slightly improve their responses, and thus their
competency in thinking, throughout the homework assignments. However, it is noted that
students enter the class with an excellent analysis of the media, and leave the class with
almost the same level of analysis. Thus, the change is not significant. When we assume a
linear progression (Figure 5.27), a gradual improvement of competent thinking and a
gradual decline of naive thinking, but within a very low R squared, are noted, making any
conclusion rather spurious.
Figure 5.28 shows the progression of naive and competent thinking views within the
personal group of homework assignments. A large decrease in naive thinking and
improvement of competent thinking skills within the personal group related with the
sophistication of the answers, are noted. Students greatly improve their deeper, thoughtful
answers as they progress throughout the course. Figure 5.29 shows a very high R squared;
therefore it may be inferred that more homework assignments would result in an increase
in competetent thinking and a decrease in naive thinking.
A large discrepancy exist between the personal and the media groups, which is similar
to the conclusions generated from the main study. In this case, it appears that the
discrepancy comes from the way the questions were provided to students. In the media
group, the questions were given to the students in the way exactly how they should answer,
while in the personal group students had to learn how to do the homework assignments
(from the homeworks in the Media group) due to more open questions where they had to
do self-reflection. An example from homework 2 follows; Media group question: "Write
one example in the documentary where (tell us the section and time) you think that one
principle was implicit. Tell us which principle, how do you think it's implicitly present and
if the host/interviewee was talking in favor or against that principle (and explain how)."
Thus, the question describes exactly what we are looking for in a sophisticated answer, and
therefore it is obvious that all students were able to give a sophisticated answer. The same
happened in other questions in the media group. An example from homework 5 follows:
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"Write a critical analysis of the documentary Evolution of Life. To help you with the
structure of the analysis, these are some examples of questions that you may think about:
What did you like more? What did you like less? What were the most surprising moments?
What were the most important lessons of the documentary? What does it tell us about the
evolution of life on Earth? What does it tell us about the possible evolution of
extraterrestrial life?" Again, the question is explicit in what is expected from the students.
Therefore, once again, it's not a surprise that most of them answered in a sophisticated
way. As the class progressed, there were less and less directions giving in the questions
towards what was expected from the answers.For example, on homework 16 the question
is simply: "Write 3 different messages that the movies Star Wars intended to convey".
Another example, on homework 17: "Write a Critical Analysis about the documentary."
Without so much guidance, students struggled a bit, but they quickly realized what was the
competent thing to do right afterwards. On the other hand, the homeworks in the personal
group had no directions whatsoever, but in fact they had very open questions. For example,
the first and last homework has the question: "What does an alien look like?" The fact that
students greatly improved their competent thinking in the personal group can be attributed
to the fact that they learned how to answer the homeworks in a thoughtful way in the
media group and they transfered that knowledge to the personal group, even without those
directions telling them how to write in a sophisticated manner. Moreover, the fact that
there was a gradually decline in the guidance to answer in the media group, didn't affect
their answers in the personal group, since they seemed to already know how they should
answer in a sophisticated way, and therefore they continued to significantly improve their
competent thinking while answering homeworks within the personal group.
Thus, when analyzing the homework assignments within sophistication of the answers,
the course is effective in enhancing competent thinking among students, especially in
terms of their self-reflection skills (personal group).
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5.4.6 Conclusions by Indicators
All the homework assignments from the fall semester of 2009 were analyzed under five
indicators: logical strength, mistakes, arguments based on reason, evaluation of evidences,
and sophistication of the answers.
The indicator logical strength shows that students improved in logic, thus increasing
their competent thinking. The transition point, from a majority of students leaving a naive
logic towards a more evolved logic, occurred very early in the course, around the third
homework assignment, which indicates that early in the course students learn that they
should argue with a strong logic, without contradictions. Thus, the course is effective in
enhancing strong, logical, answers from the students, and consequently the course is
effective in improving students' competent thinking skills.
The indicator mistakes in the critical analysis shows that the majority of students do
not produce mistakes. There is no significant change throughout the course. Therefore, the
couse is not effective in enhancing the competent thinking skills of the students under this
indicator because students enter the course with these skills.
The indicator arguments based on reason show that students improved their rational
argumentation, thus increasing their competent thinking. The transition point occurs very
early in the course, around the third homework, which indicates that early in the course
students learn that they should argue with rational arguments, without fallacies. The
confidence level on this indicator is not significant, but this is due to the combination of
personal and media groups. It should not be a surprise that when asked about their beliefs,
some students still fall into the trap of arguing with their beliefs - as they do in homeworks
11, 13, and 20, all of them belong to the personal group. If we consider only the analysis of
the media, the media group of homeworks, then the confidence level is much higher ,
showing that students gradually greatly improve their rational argumentation when
analyzing information given by the media, and consequently the course is effective in
terms of enhancing competent thinking skills among students.
The indicator evaluation of evidences shows that students greatly improve the strength
of their argumentation based on evidences, thus increasing their competent thinking. The
transition point occurs early in the course, around the seventh homework, which indicates

345

that early in the course students learn that they should argue with evidences. Students are
able to argue more based on evidences towards the end of the course. The confidence level
in this indicator is high. However, it should not be a surprise that when asked about their
opinions and beliefs, some students still fall into the trap of not arguing with evidences - as
they do in homeworks 11 and 20, which belong to the personal group. If we consider only
the analysis of the media, the media group of homeworks, then the confidence level is
much higher, showing that students gradually greatly improve their argumentation based
on evidences when analyzing information given by the media, and consequently the course
is effective in terms of enhancing competent thinking skills among students.
The indicator sophistication of the answers shows that students improve their
responses, with deeper, thoughtful, more scientific opinions, thus increasing their
competent thinking. However, the R squared is low, and the change is not gradual, linear.
This is due to the combination of personal and media groups, which have deep differences
between them. When we divide the homeworks into the two groups, then this study shows
that within the media group students slightly improve their competency in thinking but not
in a significant way, and within the personal group students hugely improve their
competent thinking skills. Students greatly improve their deeper, thoughtful answers as
they progress throughout the course. Thus, when analyzing the homeworks within
sophistication of the answers, the course is effective in enhancing competent thinking
among students, especially in terms of their self-reflection skills (personal group).
Overall, the course is effective in improving students' logical strength, rational
argumentation, and argumentation based on evidences, when analysing media claims and
programs. Additionally, the course is effective in improving students' self-reflective skills
when they have to argue based on their opinions and beliefs. Consequently, based on these
indicators, the course is effective in enhancing competent thinking skills among students.
In relation to the main study, there is an interesting characteristic: each homework
assignment had a percentage of naive thinking higher in the main study than in the study
made by indicators. This can be interpreted by a reviewer bias against himself (which is a
good protection) or as an evaluation procedure that when one homework had one of the
indicators considered to be naive then the entire homework would be considered naive.
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This study by indicators is in accordance with the main study. The main study showed
that within the personal group, as an indicator of the sophistication of the answers, students
learned to give deeper, thoughtful answers as they progressed throughout the course. Thus,
students significantly increased their competent thinking, notably their self-reflection
skills. This conclusion is also in accordance with both the first pilot study and the second
pilot study. This means that different studies showed the same pattern, which confirms and
re-confirms the results that the course is effective in enhancing competent thinking skills
among students, notably their self-reflective skills. On the other hand, the main study
showed that competent thinking in the media group improved only slightly, with the
overall changes being minimal, but not significant. However, by differentiating the five
indicators, we can conlude that students greatly improved their arguments based on logic,
reason and evidences. Therefore, the exposure to the astrobiology course has a positive
impact in developing competent thinking skills in the students.
Despite the limitations of this study, the results show that the design of this innovative
course on astrobiology is effective in enhancing competent thinking skills among nonscience major students. In particular, the course is effective in enhancing the self-reflection
skills of the students. Since competent thinking is a domain-general thinking skill, then the
skills learned on this course may be transferred to other areas of the life of the students,
contributing to solve the problem of scientific literacy in the future population.
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CHAPTER 6: DISCUSSION & IMPLICATIONS

The general question in our minds throughout the entire work was: Do students change
their perceptions of extraterrestrial life as they progress throughout the astrobiology
course?
For this study, the questions are more complex and detailed. The main questions to be
addressed are:
1) While progressing throughout the course, do students move conceptually from
more naive responses to a more scientific understanding of life in the Universe?
2) When analyzing scientific news, do students move from more naive to more
sophisticated criticism of the scientific information presented in media outlets?
3) Do students' views change toward the possibility of life in the Universe as a
result of participation in this course? If so, how?
4) Is the astrobiology course effective in terms of enhancing competent thinking
among students?
5) Is there any progression throughout the semester in terms of competent thinking
within the students of this course?
Taking in consideration the results of this study, we will try now to answer these
questions.

6.1 INFLUENCE OF THE COURSE IN DEVELOPING A SCIENTIFIC VIEW OF E.T.
LIFE
This influence is directly related with the first research question.
The evaluation of the personal group of homework assignments resulted in the
following conclusions:
The first pilot study, the second pilot study, and the main study showed evidences that
students move conceptually from naive views to more scientific and sophisticated notions
of life in the Universe, throughout the course. The results from the first pilot study (Figure
5.1) shows that the scientific view is more developed. Thus, exposure to the astrobiology
course has a positive impact in developing a scientific view of extraterrestrial life.
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6.2 INFLUENCE OF THE COURSE IN DEVELOPING SOPHISTICATED CRITICISM
This influence is directly related with the second research question.
The evaluation of the media group of homework assignments resulted in the following
conclusions:
Students that entered the class with a good idea on how to criticize others have a
minimal improvement throughout the course. Thus, the course does not seem to be
effective in terms of developing sophisticated criticism among students.
However, the separation of the different indicators, do indicate an improvement of the
level of sophistication of student answers, noting that their arguments are based on logic,
reason and evidences. Therefore, the exposure to the astrobiology course has a positive
impact in developing a sophisticated criticism in the students.

6.3 INFLUENCE OF THE COURSE IN CHANGING THE VIEWS ABOUT E.T. LIFE
This influence is directly related with the third research question.
The conclusions drawn from the evaluation of the personal group of homeworks
between the first and last homework assignments follow:
In the first pilot study, students were able to give deeper, thoughtful, more scientific
opinions towards the end of the course, instead of the more popular, media-driven, views
that were present at the beginning of the course. Students moved conceptually from more
naive responses to a more scientific understanding of life in the Universe, while
progressing throughout the course. Therefore, a significant change in students' views of the
possibility of life in the Universe occurred, notably the type of life that may in reality exist
out there.

6.4 INFLUENCE OF THE COURSE IN DEVELOPING COMPETENT THINKING
The conclusions generated from the fourth research question follow:
From the main study, the results are two-fold and apparently contradictory. While the
personal group of homeworks, evaluated in the first pilot study, the second pilot study, and
the main study showed evidence that students move conceptually from naive views to
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more competent thinking notions of life in the Universe, throughout the course - thus, the
exposure to the astrobiology course seems to have a strong positive impact in developing
competent thinking skills in the students, notably their self-reflection skills -, the media
group of the homeworks show that the positive results are minimal at best. In other words,
students do not improve their argumentative skills - probably because there is no class
devoted to fallacies to explicitly tell them what not to do -, but they greatly improve their
self-reflecting skills. Since self-reflecting skills are part of competent thinking, then the
course positively influences the development of competent thinking.
From the post-study, dividing the main study into the five distinct indicators, the results
become clear and conclusive: the course is effective in improving students' logical
strength, rational argumentation, and argumentation based on evidences, when analysing
media claims and programs. Although this is not explicitly taught, students learn this as
important characteristics as they progress throughout the course. Thus, in addition to
confirming that students greatly improve their self-reflective skills, this study also
demonstrates that students greatly improved their arguments based on logic, reason and
evidences. Therefore, the exposure to the astrobiology course has a strong positive impact
in developing competent thinking skills among non-science major students.

6.5 PROGRESSION OF THE STUDENTS THROUGHOUT THE COURSE
This influence is directly related with the fifth research question.
Students progress throughout the course gradually increasing their self-reflecting skills.
From the first to the last homework assignment, students' self-reflecting skills improved
notably. Therefore, under this characteristic, the course greatly improves the students'
competent thinking, therefore improving their scientific literacy.
The study by indicators shows that students also gradually improve their logical
strength, rational argumentation, argumentation based on evidences, and the sophistication
of their answers, when analysing media claims and programs. Thus, besides confirming
that students greatly improve their self-reflective skills, this study also demonstrates that
throughout the course students also improve their arguments based on logic, reason,
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sophistication, and evidences. Therefore, the course greatly improves the students'
competent thinking, which in turn improves their scientific literacy.

6.6 CONCLUSIONS
The results generated from this dissertation study contributed to the body of knowledge
dealing with the lack of scientific literacy among non-science majors.
Two major innovations were developed: a new concept of literacy for the general
population was proposed and an innovative course was developed. The general population
is composed mainly by non-science majors that need to understand the world that
surrounds them, without falling into the traps of deception, delusions, lies, and personal
beliefs. Thus, these non-science majors need to develop competent thinking skills, a way
of thinking that allows them to have knowledge about the society they live in. To develop
this competent thinking, an astrobiology course was developed with a student-centered
attitude, high participation from the students, a multidisciplinary content, and techniques to
teach the nature of science.
The results of this course in terms of competent thinking show that students greatly
improve their own self-reflective skills, and gradually improve their arguments based on
logic, reason, sophistication, and evidences; therefore the course is effective in enhancing
the competent thinking of the students, especially in terms of the thinking about their own
thinking. Therefore, the results show that the design of this innovative astrobiology course
is effective in enhancing competent thinking skills among non-science major students.
Since competent thinking is a domain-general thinking skill, then one may infer that the
skills learned in this course may be transferred to other areas of the life of the students,
contributing to solve the problem of scientific literacy in the future population made of
current non-science major students.

6.7 IMPLICATIONS FOR SCIENCE EDUCATION FOR NON-SCIENCE MAJORS
Since the results show that the course has a positive impact in the competent thinking
of the students, then maybe we should re-think the teaching of science courses for nonscience majors. Science classes for non-science majors should change their structure in
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order to incorporate the features that are mentioned in this dissertation. This course's
structure, characteristics, and design should be applied to other science courses. From the
informal feedback written by students and professors, most probably a great teacher is also
necessary, a person that is able to relate with students and transmit trustworthiness.
Science courses for non-science majors should have a captivating subject, like
astrobiology, as a grabber, should have a multidisciplinary content, should focus on the big
picture of the subjects, the scientific way of thinking, should include current issues and
evaluation of news claims in order to teach the nature of science, and should have a
student-centered approach with several class activities and discussions, in order to improve
the students' self-reflecting skills. With these characteristics in a science course for nonscience majors, the goal is to improve the competent thinking of the students, which will
increase their scientific literacy.
This should be the goal of every educational institution.

6.8 FURTHER RESEARCH
This was an exploratory study, a first step, a case study. Therefore it's very important
that there is further and more thorough testing of the characteristics mentioned in this
dissertation.
In fact, the next research should be a quantitative study, with a control group, and
comparison with other courses for non-science majors. There should also be a
questionnaire on the street to normal students to compare with students at the beginning of
the course, in order to reduce the bias of the students that are coming to the course because
they already like the subject. Another interesting feature for future research could be to
compare scientific literacy to other types of literacy, like art literacy, music literacy, etc.
Future research should also include more students. This study's sample size is relatively
small and was conducted at a single institution, thus the results cannot be generalized to
the total population of college students. Many more students at different institutions allows
for more consistent and generalized conclusions.
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An interesting post-analysis could be to follow the rationality of the students years
later, and see if the students changed their perspectives permanently towards competent
thinking, or if the course won them over only temporarily.
Furthermore, the course should be taught by other instructors, in order to minimize the
impact that one great instructor may have in the positive results of the course.
Regarding the analysis of the course, in the future the review of the data should not be
done by the instructor of the course, but by an outside reviewer. This reduces bias and
increases the confidence in the results/conclusions.
Finally, the college course was not initially designed with the goal of improving
competent thinking. Therefore, the design of the course should be adapted in order to
maximize students' gains in competent thinking skills. After the improvement of the
design, then the course should be taught again and the results should be analysed.
Thus, there is a lot of room for improvement and continuing research within competent
thinking.
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APPENDIX A

The astrobiology course is available upon request, in a Word document, typed in Times
New Roman 12, single-line spacing, comprising more than 1000 pages of content
knowledge about astrobiology and a file size of more than 100 Megabytes. The huge
amount of content and pages to read is the sole reason that it will not be included in here,
but it will be sent electronically upon request. A summary of the entire course is given in
Chapter 3 of this dissertation.
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