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Abstract  

 

Seeing Past the Expert Blind Spot:  

Developing a Training Module for In-Service Teachers 

 

Patrick Wayne Goertz, M.A. 

The University of Texas at Austin, 2013  

 

Supervisor: Anthony J. Petrosino 

 

Abstract: 

The expert blind spot hypothesis provides an explanation as to why experts with superior 

content knowledge find it difficult to communicate this knowledge to novices.  Previous 

studies have shown that as predicted by the expert blind spot hypothesis, participants 

with more advanced mathematics education are more likely to believe in the necessity of 

symbolic reasoning and mastery of equations as a prerequisite for algorithmic or 

mathematical problem solving.  This pattern has been shown across several subject 

areas including mathematics, science, and language arts.  While there has been a good 

deal of work done identifying this issue, findings have been slow to transfer to teachers 

in the field.  This project integrates findings regarding the expert blind spot into an online 

training module that will educate in-service teachers about the expert blind spot and 

provide strategies to overcome its pitfalls. 
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Chapter I: Introduction 

 

 This master’s project is aimed at helping teachers -- particularly in-service, 

alternatively certified teachers -- to recognize the expert blind spot (EBS) and 

understand how this phenomenon impacts their perceptions and decisions regarding 

teaching.  The EBS hypothesis suggests that as experts gain knowledge in their content 

area, they lose the ability to effectively pass on this knowledge to novices.  As an 

example, in studies involving pre-service mathematics teachers, those teachers with 

more advanced mathematics education, regardless of program affiliation, were shown to 

be more likely to consider symbolic reasoning and equations as a prerequisite to solving 

story problems or word equations.  This view was in opposition to actual student 

performance (Nathan & Petrosino, 2003).   

This inability to predict the needs of learners is the result of several changes in 

the mental structures of experts.  First, the expert becomes more entrenched in the 

formalisms and symbol notations of their domain of expertise.  In addition, many experts 

lose the ability to mentally trace their thought process as they solve a problem (Nathan & 

Petrosino, 2003).  While the ability to move quickly through a problem to reach a solution 

is one of the advantages of expertise, blindness to the intermediate steps of problem 

solving is a detriment to teaching the process to a beginner.  

 Research over the past decade has suggested that EBS is a persistent problem 

with recent results (Petrosino, 2012) appearing very similar to earlier EBS studies 

(Shulman, 1986; Grossman, 1990; Nathan, 2001; Nathan & Petrosino, 2003).  The 

continuing nature of the problem informs my decision to develop an intervention to help 
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reduce the blind spot.  In my position as a private school teacher, I have seen many 

well-intentioned teachers, with little to no teacher training, thoroughly confuse a 

classroom of students by misunderstanding the students’ learning needs.  As someone 

who has struggled with this myself, I feel that I can use my experiences to help other 

teachers with this problem. 

 There are three main goals for the training module of this project.  First, it needs 

to educate teachers about the existence of EBS.  Second, opportunity to demonstrate 

the knowledge must also be provided.  Finally, I want to give participants time to apply 

this information to an existing lesson plan to see what modifications come about through 

awareness of EBS 

 The intervention that I am developing is modeled on the STAR Legacy Cycle 

(Schwartz, 1999).  I was first introduced to the style of lesson plan structure in Tony 

Petrosino’s “Knowing and Learning” course during the summer of 2011.  The Legacy 

Cycle is a technology based external scaffold that allows lesson to be designed in a way 

that incorporates demonstrated principles of learning (Bransford et al, 2000).  The 

challenges are designed to grab the learner’s interest and attention as the go through 

the six steps: look ahead and reflect back, generate ideas, gather multiple perspectives, 

research and revise, test your mettle, and go public.  A further discussion of these steps 

may be found in the literature review. 

 The online training is currently targeted towards in-service science, technology, 

engineering, and mathematics (STEM) teachers.  Due to the fact that many members of 

this group choose teaching as a second career after working as engineers, they are 

particularly at risk for teaching errors related to EBS  The educational content in this field 
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undergoes rapid change and many professional development opportunities focus 

specifically on this deficiency, often overlooking the teaching methods.  In addition, a 

growing number of teachers in this area went through alternative certification rather than 

obtaining traditional teaching degrees.  As a result, they had less opportunity to gain 

pedagogical content knowledge related to their specific discipline and may be less 

prepared to deal with the challenges of communicating advanced concepts to novice 

learners. 
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Chapter II: Literature Review 

 There is little doubt that the effectiveness of education is dependent upon the 

quality and training of teachers (Alexander, 2004).  However, teacher preparation 

programs often are designed in ways that show a lack of understanding of what methods 

and pedagogy will produce effective teachers (Bransford et al, 2000).  This study will 

focus on the expert blind spot and its implications towards teacher preparation in STEM 

fields. 

 

Expertise 

 First, the nature of expertise should be considered.  Who is an expert?  What 

differences exist between a novice in a given field and the expert?  The modern scientific 

study of experts grew in large part out of artificial intelligence research in the 1960's and 

70's.  Many of the original test subjects were chess players (Chase & Simon, 1973), but 

the findings were later confirmed in such unrelated fields as education, typewriting, and 

table waiting at restaurants (Chi, Glaser, Farr, 1988). 

 Experts can be characterized by a number of strengths within their domain of 

expertise (Chi, Glaser, Farr, 1988).  They are able to perceive meaningful patterns, 

much quicker than novices.  They typically arrive at solutions more quickly than others.  

Experts demonstrate superior memory, both short and long-term.  They are able to 

represent problems on a deeper level and constrain their search space by spending a 

longer relative time in qualitative analysis of a problem.  Finally, experts have also been 

observed to have strong self monitoring process and an ability to error check their 

solutions. 
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 The authors of “How People Learn” recognize several further characteristics of 

experts (Bransford et al, 2000).  Experts excel in finding meaningful patterns in data that 

may seem disorganized to others.  Their deep content knowledge is contextualized and 

cannot simply be broken down into a set of facts or truisms.  Different levels of experts 

are also recognized.  The highest level of expert (virtuosos) are able to employ 

metacognition to move beyond their training to reach new understanding.  

 However, work begun in the 1990’s has shown that gaining expertise comes at a 

cost.  While the expert ability to constrain their search space allows experts to more 

efficiently search for solutions, it does so at the detriment of their creative process 

(Wiley, 1999).  In this way, high domain knowledge can act as a mental set, limiting the 

expert’s ability to think “outside the box”.  Other researchers have found that experts 

also lose the ability access their mental trace, a record of the steps that they needed to 

arrive at their eventual solution (Ericsson & Simon, 1993).  In addition, experts can also 

become “locked” within the symbology and formalisms of their domain resulting in 

difficulty passing on knowledge to novices who are not familiar with the notations yet 

(Nathan, 2001).  These deficiencies help to explain the existence of the expert blind spot 

hypothesis. 

 

EBS Hypothesis 

The expert blind spot hypothesis was formally identified in the late 1990s, 

although some of the central questions were raised in the 1980s.  Lee Shulman, while 

lamenting the lack of focus on lesson content in educational research noted that it was 

unknown how an expert student was able to make the transition to a novice teacher  
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(Shulman, 1986).  Shulman began investigating this question by following undergraduate 

teaching students through their teaching programs into their first years as novice 

teachers. 

 Shulman divided the domains of student knowledge into three areas: subject 

matter content knowledge, pedagogical content knowledge, and curricular knowledge.    

Subject matter refers to the knowledge that is specific to the domains and lexicons of 

various topics such as English or science.  Pedagogical content knowledge deals more 

with the skills needed to teach that subject to a novice student.  This encompasses both 

strategies as well as what material is easy vs. hard to understand.  Curricular knowledge 

addresses the full range of tools available to educators that allow them to transfer 

knowledge to their students.  Shulman noted that there was often a disconnect between 

these knowledge domains. 

Pamela Grossman also pointed out the gap between content knowledge and 

pedagogical content knowledge (PCK) in her 1990 book The Making of a Teacher.  

Grosmann tracked the progress during the first year of teaching of six English teachers: 

three who had pre-service education and three who, while well versed in literature, were 

alternatively certified.  A consistent trend that appeared in her case studies was the 

frustration of the latter set with their students’ lack of connection with and interest in the 

required novels.  A deeper analysis showed that these teachers were attempting to 

instruct the students using the same techniques and strategies that they were successful 

with during undergraduate or graduate school.  They were using certain formalisms that 

their students were unfamiliar with, such as literary critique, to engage the students in 

the classics (Grossman, 1990). 
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In contrast, the teachers with greater preparation through education classes were 

more likely to lead students to an appreciation of literature by helping them to draw 

connections between the works and their own life.  The students who were able to view 

the material through the lens of their own experience seemed to enjoy the class more 

and ultimately to have greater success in understanding the concepts.  The teachers in 

this group were more likely to use “non-canonical” works of literature to engage their 

students than the three teachers with less PCK. 

Grossman further elucidated two of the knowledge domains earlier identified by 

Schulman: subject matter knowledge and pedagogical content knowledge.  She included 

 the following in her treatment of subject matter: content, structures (both substantive 

and syntaxic), and relationships.  Pedagogical content knowledge in her definition 

consisted of four areas of knowledge and beliefs: the purpose of teaching, student 

understanding, curriculum, and instructional strategies.  The teachers who were more 

successful had a higher degree of pedagogical content knowledge when compared with 

their colleagues.  

The previous two studies hint at the existence of a problem involving expertise 

and the ability to teach, but it was later that researchers such as Mitchell Nathan in 2001 

identified the “expert blind spot”.  His work focused on the EBS in the context of algebra 

teachers.  Specifically, he compared the expectations of algebra teachers to the actual 

preferences of their students.  Although most teachers believed that problems involving 

symbolic reasoning would  be easier for students than story or word problems, the 

opposite proved true.  In the same study, middle school math teachers were able to 

predict more accurately the facility with which students solved the word problems.  This 
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study provided strong support for the EBS hypothesis since the middle school teachers 

often had less formal mathematics education than their high school counterparts. 

(Nathan, 2001) 

Later work by Mitchell Nathan and Anthony Petrosino helped to confirm these 

results.  They found the trend outlined earlier by Nathan to carry over into their study of 

pre-service, high content knowledge algebra teachers.  Those future teachers with a 

higher degree of content knowledge usually predicted that students would have an 

easier time solving problems strictly involving equations rather than word problems.  

Again, the opposite proved to be true, as was more closely predicted by those teachers 

with a lesser degree of mathematical expertise.  (Nathan & Petrosino, 2003)   

The authors were careful to point out that they were not advocating for less 

subject matter education.  Indeed, they argue that content knowledge is necessary, but 

not sufficient to be an effective teacher.  They advocate a greater focus on teacher 

education and professional development to prevent EBS.  

At least part of the problem of helping expert teachers realize the existence of 

EBS lies in the philosophy of “formalism first.”  Nathan wrote a critique of this paradigm 

in 2012 (Nathan, 2012).  There exists in Western educational traditions a belief that in 

order to understand the world, one must know the language of science and math.  

Nathan points out the flaw in this argument by pointing to such examples as a child flying 

a kite.  No knowledge of fluid dynamics is required on the child’s part to succeed at this 

task.  He goes on state his position that a “formalism first” approach leads to flawed 

conceptual development and in fact encourages a “formalism only” view in students.   

Too much emphasis on formalisms can lead to a situation in which the 
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disciplinary structure of a field is confused with the developmental needs of learners.  

One such example is the acquisition of the ability to transfer knowledge.  It may seem 

that abstract concepts devoid of context would more easily transfer to new situations.  

However, it is by learning to apply knowledge in context that develops the skill of 

transfer.  Student motivation is also a concern when dealing with a formalism approach.  

Students are generally more engaged by an environment that favors concrete, context 

oriented problem solving. 

In support of his view of the importance of conceptual thought, Nathan points to 

great mathematicians and scientists through the years who drew inspiration and 

developed their greatest insights without the use of formal notation.  For example, Albert 

Einstein drew upon his knowledge of timing mechanisms (gained through his work in the 

patent office) in the development of relativity.  Another example is the electromagnetic 

motor, developed by Michael Faraday years before the existence of the formal theories 

or equations that explained its workings. 

As an alternative to “formalism first,” Nathan suggests several alternatives 

including “progressive formalism,” project based learning, and inquiry based activities.  

These alternate strategies would expose students to formalisms through a grounded 

approach, allowing the use of formalisms to appear naturally as they are needed.  

Examples of greater student success via this approach are then presented from medical 

and algebra contexts. 

There is ample research to support the EBS hypothesis.  Studies have also been 

done to suggest ways to avoid the EBS and strengthen student learning.  However, little 
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or no work has been done to attempt to educate in-service teachers about the problem. 

The next step is to develop interventions to make teachers aware of the issue as well as 

provide them with tools that they can use to circumvent the problem. 

 

Circumventing the EBS 

 Some general thoughts have been previously suggested in developing 

interventions to the EBS.  Nathan and Koedinger recommend addressing the problem 

during teacher education (Nathan & Koedinger, 2000).  Their plan is to make teacher 

beliefs about teaching overt and then to address those beliefs that are not in line with 

student needs.  Care must be taken to make these modifications compatible with 

teachers’ existing beliefs in order to have the changes readily adopted by the teachers. 

 The authors of Understanding by Design suggest addressing the EBS through 

backwards design of lesson plans (Wiggins & McTighe, 2005).  Student understanding 

of new learning can be increased by uncovering students’ questions and potential 

misunderstandings and identifying the core ideas of a concept.  They recommend 

identifying the desired student understandings, developing appropriate assessment 

tasks, and determining learning activities before beginning to plan a new unit.  This 

process of backwards design should allow teachers to think more clearly about the 

learners’ needs and highlight the differences between expert and novice thinking.  

 Six “facets of understanding” are linked to the process of backwards design.  

Explanation, interpretation, application, perspective, empathy, and self-knowledge are 

highlighted as being crucial to effective planning. 
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The six facets should permeate our thinking about all three stages 

of backward design.  They can help us clarify the desired 

understandings, the necessary assessment tasks, and the learning 

activities that will most likely advance student understanding…. In 

other words, the facets help us avoid the Expert Blind Spot at work 

when we fall victim to the thinking that says, “Because I understand 

it, I will tell you my understanding and render teaching and learning 

more efficient.” (p. 103)  

 

STAR Legacy Cycle 

A number of inquiry based lesson scaffolds have been propose to implement the 

findings of learning researchers regarding best practices (Bransford et al, 2000).  Some 

authors suggest that the most effective strategies merge traditional teaching methods 

with adaptive learning situations (Martin et al, 2007).  Traditional teaching, by itself, too 

often teaches students skills to succeed within the classroom, but these often have poor 

transfer to real world applications.  Adaptive learning techniques, such as challenge 

methods, may result students becoming frustrated when their traditional methods of 

approaching problems fails to yield results.  The authors recommend a technological 

scaffold for challenge based learning that provides opportunities for reflection and 

revision: the STAR Legacy Cycle. 

It was developed in 1999 as a means to design lessons around a “learning 

community” while tapping into four learning environments: learner-centered, knowledge-

centered, assessment centered, and community centered.  The cycle is designed to 
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make the inquiry model of learning explicit so that all parties, students and teachers, are 

able to look ahead towards future goals or review their process knowledge acquisition.  

(Schwartz, 1999) 

The Legacy Cycle contains a number of steps that provide structure and 

similarity even between subjects of greatly differing content.  Students are given a 

chance to “look ahead and reflect back”.  This serves to clarify the goals of the lesson as 

well as allowing students to situate their learning into context.  This phase also presents 

an opportunity for self assessment before beginning a new challenge.  Challenges in the 

Legacy Cycle serve as anchors for student learning and may become progressively 

harder in further iterations of the cycle. 

To address each new challenge, students first “generate ideas.”  During this 

phase, students suggest ideas, often in a collaborative notebook.  No judgment is 

passed as to whether an idea is “right or wrong”.  This process of idea transparency 

serves again to make student thinking explicit.  This is followed by students “gathering 

multiple perspectives.”  Experts, often members of the community, are consulted for their 

input on the challenge.  This may be done in person, but routinely occurs through pre-

recorded video clips.  Viewing multiple perspectives is beneficial because it 

demonstrates the complexity of the challenge as well as providing guidance to students 

for the direction of future studies.  

Students will then “research and revise” their solutions.  This is often where 

elements of “traditional” teaching may appear.  Teachers may give a lecture, lead 

students in hands-on activities, or direct them to resource materials.  After students 

develop their thoughts further, they are provided with opportunities to “test their mettle”.  
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This stage involves formative assessment: multiple choice tests with feedback, rubrics, 

or peer review are common.  The important idea is that the students’ thinking should be 

made visible both to themselves and their instructor. 

In the final stage, students “go public” with their learning.  Their successes are 

made visible to others through any one of the variety of means available in our society.  

Going public adds a high stakes aspect to the cycle in order to encourage students to 

produce high quality work.  This also gives others in the community a chance to 

appreciate the product of student learning gained through the Legacy Cycle.  

The implementation of Legacy Cycle has been further refined by repeated use 

over the years since its inception (Klein, 2007).  Important points to consider for the 

purposes of this project include: formulating a compelling challenge, including relevant 

multiple perspectives, and providing compelling information during the “research and 

revise” period.  Proper structuring of the intervention will be critical in achieving the goal 

of helping teachers to begin to avoid the EBS during the short time allotted for the 

intervention. 

In addition to serving as a scaffold to develop the intervention, the Legacy Cycle 

will be presented as a way for teachers to make their classrooms more learner-centered.  

Overcoming the EBS requires that teachers be attuned to the learning needs of the 

students and the Legacy Cycle provides many opportunities for the formative 

assessment necessary to illuminate these needs.  By showing attention to the ideas 

generated by the students in the beginning of the cycle, teachers may gain insight into 

the current state of their students’ learning progress and deduce how they need to 

proceed when they research and revise. 
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Measurement Tools 

Quantifying teacher’s beliefs about education and their subject matter is an 

important part of developing interventions.  One compelling target audience for the 

proposed intervention is high school engineering teachers.  This group has already been 

studied in some detail and it would add to the body of literature to investigate how this 

group of teachers would respond to EBS education.  A survey instrument already exists 

to measure engineering teachers’ preconceptions.  The Engineering Education Beliefs 

and Expectations Instrument (EEBEI) was developed in order to document reliably the 

thoughts of high school teachers regarding the engineering classes they were teaching 

(Nathan, 2010).  The EEBEI can serve here as a way to gather multiple perspectives as 

well as allow the target teachers to self assess how their own beliefs about STEM 

education match their students’ feelings.  

Another useful study for developing questions that unlock teachers’ beliefs about 

their students was conducted with math teachers specifically (Hill, 2008).  This study 

looked at a sub domain of PCK that the authors labeled “knowledge of content and 

students” (KCS).  The authors used multiple choice questions to uncover teacher’s 

understanding of their students.  Crucial to the study was the development of the 

questions in order to ensure accurate measurement of teacher beliefs through a self 

reporting tool.  Lessons learned from the development of methods to measure teachers’ 

understanding of their students’ approach to content may also help to structure an 

effective intervention to the EBS by allowing teachers a more meaningful data set to 

work with. 
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Chapter III: Project Report 

Website Development: 

 It was determined that a website would be the best way to implement this EBS 

training intervention.  An online platform would enable the training to be widely 

distributed at little or no cost.  The Google Sites website builder allowed the easy 

incorporation of forms and multimedia to allow interactivity.  The website can be easily 

updated and customized over the course of its development. 

 The STAR Legacy Cycle was used to structure the module (a description of the 

Legacy Cycle is contained in the Literature Review).  The Legacy Cycle transitions easily 

between in person instruction and online access so it will allow for wide dissemination of 

the product.  The landing page contains a graphic of the Legacy Cycle overlaid with an 

image map allowing navigation by clicking directly on the step of the Cycle that a user is 

completing.  

 

Figure 1: Online Training Landing Page  
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Generate Ideas: 

 An algebra ranking activity (Nathan & Petrosino, 2003) is provided as an 

opportunity for participants to clarify their impressions of student perception of the ease 

or difficulty of problems presented through words or symbols.  These responses will be 

recorded and a summary of responses will be shown to participants.  They will see 

whether their ranking matches those of algebra students in the assigned reading in the 

following section.  

 

Figure 2: Generate Ideas 

Multiple Perspectives:  

In order to gain perspective on the variety of opinions regarding the needs of 

teacher education programs, participants will view three short videos espousing views 

held by professionals.  In the first, the argument will be made that content knowledge is 
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the most important factor in the education of teachers.  In the second, the idea that 

pedagogy is most critical will be presented.  In the third video, concept of pedagogical 

content knowledge will be championed.  Teachers will be asked to consider which view 

they find to be the most valid. 

 

Research and Revise: 

 Teachers will next read an excerpt from a short paper that will introduce 

the concept of the EBS in several educational contexts (Nathan, Koedinger, Alibali, 

2001).  The selected reading contains a discussion of the typical results of the algebra 

ranking activity just attempted and should encourage participants to think about whether 

their ranking was consistent with novice learning needs. 

A short primer to expertise, the EBS, and ways to overcome this difficulty has 

also been prepared.  It is based in large part off of the Literature Review, but has been 

edited for readability and is more informal in style.   Its full text may be found in Appendix 

A. 

 A common anecdotal complaint of teachers attending professional development 

is that sweeping statements of what needs to be done in education are provided, but 

little practical suggestions are given.  This deficiency was addressed in the “Read and 

Revise” by devoting space for advice regarding gaining and using PCK. 

 

Test Your Mettle: 

 An online test builder, Classmarker, was used to generate a self scoring online 

assessment.  Classmarker was chosen for its ability to provide immediate feedback to  
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 test takers.  The test builder has multiple access levels, but the free service was chosen 

for the first iteration of the assessment.  Advanced features, such as ad free viewing and 

certificates of completion may be added at a later date. 

Participants will be asked a series of questions regarding their knowledge of the 

EBS that has been gained through this training module.  Immediate feedback is supplied 

to those taking the online quiz.  A score of at least 80% will be considered passing.  The 

participants will be asked to repeat the question set until they successfully answer 80% 

of questions.  The questions contained in the assessment may be found in Appendix B.  

 

Figure 3: Test Your Mettle 

 

Go Public: 

 The teachers who participate in the training will next be presented with a lesson 

plan for teaching the motion of objects in two dimensions.  The lesson plan will be 

technically correct, but lacking in correct application of PCK.  Teachers will be asked to  
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identify three areas in which there is a potential for EBS related problems and provide 

modifications to the lesson which would circumvent these issues.  

 These modified lesson plans will be collected via a Google Form and stored for  

 review by the teachers after the training.  It is hoped that this will provide inspiration for 

other ways to avoid EBS difficulties in future lesson plans. 

 

Figure 4: Go Public  

 

 As an incentive for teachers to take part in this training, a certificate of completion 

is available to print after the “Go Public” step.  The certificate serves as evidence of one 

hour of training that can count towards TEA self-study continuing education 

requirements. 
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Analysis of Website: 

 The website has not yet been implemented so it is difficult to gauge its eventual 

reception.  As feedback is generated in the coming year, the efficacy of the training will 

be easier to measure.  However, its design does incorporate all of the desired features. 

First, it contains a description of EBS and of various strategies to overcome this 

difficulty.  In addition, it provides an assessment to gauge participants’ comprehension of 

the material.  Also importantly, the training encourages teachers to apply their 

knowledge of EBS to make changes to existing lessons. 

 

Future Considerations: 

 The training as it exists now serves to educate participants regarding the EBS 

and suggest ways to avoid problems.  There are several directions that may be worth 

pursuing to improve its utility.  

 Of most immediate interest is collecting feedback from teachers regarding 

understanding and effectiveness of the training.  Various improvements can be made 

depending upon the reception of the website.  One change could be to split the Legacy 

Cycle into two challenges that would allow participants more time to process and utilize 

the information. 

 The website will increase in its own usefulness as more teachers undertake the 

training.  Teachers will initially be recruited from the author’s own campus and from the 

campuses of colleagues.  Distribution will also be achieved through educational mailing 

lists and discussion boards.  The training could also be assigned as “homework” by 

administrators for teachers either during beginning of the year in-service days or as part 
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 of a growth plan for new educators struggling with teaching methods.  As greater 

numbers of participants complete the “Go Public” section, the form will become 

populated with ideas for lesson plan modifications.  Access to this collection of lessons 

 will help to provide incentive to teachers to take the time to complete the training. 

 Another modification of interest would be to adapt the training from an online 

platform to a face to face training for use during educational conferences.  This could 

help reach an audience that otherwise might not have been aware of the EBS. 
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Chapter IV: Application to practice  

 This Master’s project itself is designed as a useful tool for teachers to identify and 

avoid instances of the Expert Blind Spot in their own practice.  In addition, my own 

comfort with engineering education has been bolstered in the following ways. 

 

I. Developing Engineering Awareness 

 At the beginning of my participation in the program, my understanding of 

engineering was developed, but fairly limited.  A large number of my friends during my 

undergraduate years were engineering students, so I had experience with the scope and 

tasks of an engineer.  When presenting engineering to my students, I used this 

background as a basis for introducing them to the field.  

 My MASEE experience has broadened my understanding of the field in general.  

I have a much better grasp on what it is the engineers do.  For example, I did not 

previously realize what a large role creativity serves in the job of an engineer.  

 To increase my students’ understanding and appreciation of engineering, I have 

incorporated the following activities.  Engineering week is celebrated in my classes (the 

school has their own events) by guest speakers and special projects.  Aspects of the 

engineering design process have been worked into existing lesson plans.  We have also 

started to begin each class by a “Science Fact of the Day”.  Usually, this the some event 

or birthday of engineer or scientist.  Students research the event and then we have a 

class discussion about the topic.  For example, for the Hubble, we discussed the 

difficulty of fixing a telescope in space. 
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II. Developing Engineering Habits of Mind 

 I have myself developed engineering habits in the way that I plan my lessons for 

students.  Where before, I had a tendency to be more haphazard in my approach to 

planning, I now am much more methodical.  The final outcome is identified at the 

beginning.  Documentation occurs on a unit based as well as daily basis.  Modifications 

to the lesson based on student achievement are performed as necessary. 

 I have worked to incorporate the engineering design process into the students’ 

lives as well.  Two projects in particular have been redesigned to include steps of the 

design process.  One of these was a Mission to Mars project introduced to my physics 

students this year.  They were required to calculate the time it would take to reach Mars 

in a spacecraft travelling from Earth.  Students were encouraged to follow the steps of 

the engineering design process (as far as possible) to determine constraints, decide 

upon the goal of the mission, and to brainstorm ship designs. 

 I have also adapted the Egg Drop Project to be more in line with engineering 

habits.  Traditionally, this lab was used as an exploration of impulse and force.  By 

incorporating material constraints and rational design, students develop a better 

appreciation of design.  They were also given time to prototype their egg drop devices 

and rebuild based on the performance of their original design.  

 

III. Developing an Understanding of the Design Process 

 Although my project wasn’t exactly a design project, its conception and 

development did incorporate many of the features of the engineering design process. 
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 Starting with the end goal in mind was critical for the design of the website.  Keeping the 

core goal central to the project allowed me to proceed more logically through the 

creation of content and assessments for the training module.  

 The design process was not followed perfectly however.  I did not have a chance 

yet to introduce the website to teachers and get their feedback.  This feedback would 

allow me to make changes to the training over time to improve its efficacy.  I hope to 

work on this during the next school year.  

 

IV. Developing Knowledge of and for Engineering Teaching 

 I really feel that knowledge of teaching is the domain in which I gained the most 

over the course of my involvement in this program.  As an alternative certification 

teacher, I did not receive any instruction on teaching theory or history as an 

undergraduate.  Each of the education courses that I took was a wonderful learning 

experience. 

 In Knowing and Learning, I was exposed to the basics of lesson planning design 

based on anchored instruction.  This was something that I had heard about before, but 

now saw the why it worked.  I learned a number of other interesting topics, including the 

existence of the expert blind spot.  

 From Curriculum History and Development, I gained perspective on the changing 

face of education in America.  Through the class, we investigated the waves of reform 

that have swept across the nation during the past century.  I came to see science and 

math educational reform as a pendulum swinging between progressive and traditional 

approaches to education. 
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 Systemic reform taught me the necessity of rational development of educational 

interventions.  In order to stimulate real and meaningful change, models must be formed 

and consequences considered. 

 Lastly, I would like to mention the hands-on courses such as Engineering Energy 

Systems and Design of Machines and Systems.  I am not a mechanically minded 

person.  My father always lamented the fact that automobiles had become so 

computerized that he could not teach us how they worked.  I can rarely put something 

back together again the correct way once taken apart.  However, these classes gave me 

a great deal more experience looking at the component parts of an object and rationally 

determining how they all worked.  A bicycle is more than just pedals and wheels.  The 

gears are there for a reason.  This is a mindset that I can strive to pass on to my 

students.   
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Appendix A:  Research and Revise Reading 

 

What does it mean to be an expert? 

 

The modern scientific study of experts grew in large part out of artificial intelligence 

research in the 1960's and 70's.  Many of the original test subjects were chess players, 

but the findings were later confirmed in such unrelated fields as education, typewriting, 

the judiciary, and table waiting at restaurants. 

 

An expert (as compared to a novice) is defined by a set of strengths.  

1. Excellence within their domain of study.  

2. Ability to perceive meaningful patterns in often 

large data sets. 

3. Able to arrive at solutions quickly.  

4. Superior short and long-term memory. 

5. Ability to represent problems on a multiple levels of 

understanding. 

6. Strong self monitoring 

7. Greater relative time spent in qualitative analysis of a problem (serves to weed 

out solutions that would not work).  

It's not easy to become an expert.  The commonly accepted value is 10 years (or 10,000 

hours) of concentrated study on a particular subject.  

 

Expertise is not without its drawbacks, however.  In the process of 

becoming an expert, mental pathways change.  For example, 

experts may: 

1. Become less able to perform "memory trace".   

They may find it hard to describe all the intermediate 

steps used to arrive at the solution to a problem. 

2. Rely on formalism and symbology of their discipline.  

It becomes more difficult to use alternative language  
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Figure 6: Confusion 



 

to describe what they are doing 

3. Lose their ability to think creatively.   

Expertise can create a state of "mental set" that obscures options that are 

far outside normal lines of thought.  

 

As you might expect, these drawbacks of expertise can lead to misunderstandings.  

 

 

The Expert Blind Spot Hypothesis 

 

Consider the following scenario.  You’re lecturing to your class on your favorite subject, 

something that you’ve studied for so long it’s almost second nature.  It could be 

polynomial factoring or Hamlet.  For me, it’s DNA sequencing methods.  You explain the 

topic quite logically in a way that makes perfect sense to you.  You even ran your lesson 

plan past your department head who confirmed that everything looked good..  The 

students look on with glazed eyes, which might not be anything unusual.  When, 

assessed, they demonstrate poor understanding of the concept.  They profess to not 

have been able to follow your explanations at all.  

 

 

You may have fallen victim to the Expert Blind Spot.  

 

The Expert Blind Spot (EBS) hypothesis suggests that as experts gain knowledge in 

their content area, they lose the ability to effectively pass on this knowledge to novices.  

In part, this is because experts have a lessened ability to think like a novice and are less 

able to predict what a novice learner might find hard or easy.  EBS has been detected 
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across a range of educational settings, including English, algebra, and engineering. 

What causes the Expert Blind Spot? 

 

To understand that, we need to talk about how teaching 

knowledge is organized. 

 

Education researchers such as Lee Shulman, divide the 

domain of teaching knowledge into several subcategories.  

Content knowledge relates to information about the subject 

taught itself.  The structure of an atom or the geography of 

Asia are examples of this type of knowledge.  Pedagogy, on 

the other hand, deals with broad ideas such as classroom management and 

organization that transcend subject matter.   

 

Shulman argued that these two areas should not be treated entirely independently of 

each other.  A third subcategory, pedagogical content knowledge relates to the “how” of 

teaching.  How should a 4th grade teacher introduce the concept of fractions?  How 

should the concept of a subjunctive verb be approached for maximum student 

understanding?  Other researchers have further defined the concept of this type of 

knowledge. 

Pedagogical Content Knowledge 

 

In her book, The Making of a Teacher, Pamela Grossman breaks 

pedagogical content knowledge (PCK) into 4 domains:   

○ Knowledge of the purpose of teaching (What does it mean to 

teach biology?)  

○ Knowledge of student understanding (How do students 

acquire an understanding of literature?)  

 

○ Knowledge of curriculum (Which texts are best for teaching 

US history?)  
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Figure 9: Pamela 
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○ Knowledge of instructional strategies (What are several ways to introduce 

fractions to a math class?) 

In Grossman's study, the teachers who were more successful had a higher degree of 

PCK when compared with their colleagues.  

 

PCK is developed through three main sources: 

1. Apprenticeship of observation 

This is from a teacher’s own experience.  Our earliest impressions of 

what teaching is comes from our own teacher, both in grade school and 

college.  These initial thoughts act as a powerful foundation for PCK.  

2. Subject knowledge 

Understanding of the field of study itself, while necessary, can at times be 

mistaken for PCK 

3. Teacher education 

Formal education classes play an important role in developing PCK.  

Many of these classes deal with subject specific techniques and 

strategies. 

 

Avoiding the Expert Blind Spot 

 

How then can we avoid this problem?  Sufficient PCK is required.  While this may 

develop naturally through the course of a teaching career, there are options to 

accelerate the acquisition:  

1. Professional development opportunities 

Especially those that focus on specific lessons or methods.  National 

teacher organization conferences and local education service centers 

abound with these workshops.  In addition, educational psychology 

courses can provide a powerful window into the learning needs of 

students in various age groups. 

2. Feedback from students 
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There are a number of services that make 

it easy and anonymous for students to 

provide instantaneous feedback. 

Socrative 

Edmodo 

Google Forms 

Survey Monkey 

3. Teacher mentoring 

Even if you are an experienced teacher, it 

is a good idea to get together at lunch 

with someone else at least once a week 

to discuss your classroom ideas.  This 

can serve as a new apprenticeship of 

observation 

 

 

Incorporating PCK into lesson plans 

 

 Once possessed of greater pedagogical content knowledge, it must be used to 

be of any value.  The authors of Understanding by Design have some suggestions for 

effectively using backwards design to accomplish this task. 

1. Begin with the goal in mind. 

The learner goal or goals should be the first thing decided upon in any 

lesson plan.  Keeping these in mind will help to focus and narrow the 

student tasks. 

2. Determine appropriate assessments. 

How will you assess student understanding?  Tests, quizzes, projects?  

What questions will you ask? 

3. Develop learning activities.  

Are your activities linked to your goals?  What does learning look like in 

your classroom: lecture, worksheets, labs?  Are these activities  
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Figure 10: Socrative Logo 

Figure 11: Mentoring 

http://www.socrative.com/
https://www.edmodo.com/
https://support.google.com/drive/answer/87809?hl=en
http://www.surveymonkey.com/


 

appropriate to the age and ability of your students? 

 

Sources: 

 

Chi, M.T.H., Glaser, R., and Farr, M.J., eds.  (1988).  The Nature of Expertise.  Hillsdale, 

NJ: Erlbaum 

 

Grossman, Pamela Lynn. (1990). The making of a teacher: Teacher knowledge and 

teacher education. New York: Teachers College Press. 

 

Nathan, Mitchell J, Kenneth R Koedinger, and Martha W Alibali. (2001). "Expert blind 

spot: When content knowledge eclipses pedagogical content knowledge." Proceedings 

of the Third International Conference on Cognitive Science: 644-648. 

 

Shulman, Lee.  (1987).  Knowledge and Teaching: Foundations of the New Reform.  

Harvard Educational Review.  57:1.  1-21. 

 

 

Wiggins, Grant, and McTighe, Jay.  (2005).  Understanding by Design, Expanded 2nd 

Edition.  Alexandria, VA:  Association for Supervision and Curriculum Development.  
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Appendix B: Assessment Questions 

 

1. How long does it take to become an expert?  
a. 1 year  
b. 5 years 
c. 10 years 
d. 20 years 

2. Which of the following is not a disadvantage of expertise? 
a. Ability to arrive at solutions quickly 
b. Less able to perform memory trace 
c. Reliance on formalisms of discipline 
d. Less able to think creatively 

3. What does EBS stand for? 
a. Expert Blind Syndrome 
b. Every Blind Spot 
c. Engineering Build Syndrome 
d. Expert Blind Spot 

4. A number of websites can be used to gain instant student feedback.  Which of 
the following is one of them? 

a. PhET 
b. Youtube 
c. Socrative 
d. Wikipedia 

5. Apprenticeship of observation refers to... 
a. Time spent as a student 
b. Time spent as a student teacher 
c. Time spent preparing for certification exams 
d. The first year of teaching 

6. The first step to the backwards design of a lesson is to... 
a. Determine the goal 
b. Design the assessments 
c. Choose appropriate learning activities  
d. Obtain student feedback 
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