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Co-Supervisor:  Claire Ellen Weinstein 

Co-Supervisor: Marilla D. Svinicki 

 
 This study was designed to determine what effects reflective prompting and 

collaborative learning have on students’ problem solving within a computer-based 

environment and the development and transfer of their problem solving and 

metacognitive skills. Participants in this study included 298 female college students, who 

completed the Metacognitive Awareness Inventory, MAI. Then, participants worked 

either individually or collaboratively through a computer-based problem solving 

challenge presented in the program, Alien Rescue. They received metacognitive prompts, 

transfer prompts, both prompts, or no prompts while they worked. Approximately one 

week later, students completed a near and far transfer task and completed the MAI for a 

second time.  
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 Results revealed that there was not a significant main effect of reflective prompting 

or collaborative learning or an interaction effect on any of the dependent variables: 

problem solving performance on the task at hand, near transfer task performance, far 

transfer task performance, and performance on the MAI taken at the end of the study. 

Reasons for these findings are discussed along with implications for future research. 
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Chapter 1 

 

Introduction 

 

Many students are reaching high school and even college without acquiring the 

essential skills needed to solve the myriad of complex problems modern society 

generates. Today’s increasingly complex society favors individuals who process 

information and operate effectively in ambiguous and unstructured situations. To enable 

individuals to succeed in this society, schools should plan for the systematic, regular 

teaching of thinking skills (Association for Supervision and Curriculum Development, 

2002). Facilitating the development of thinking, particularly metacognitive and problem 

solving skills, has become an important goal among educators, from elementary school 

teachers to graduate studies instructors.   

An initial push to promote higher order thinking and to teach problem solving 

skills in the classroom came from John Dewey (1933) at the beginning of the twentieth 

century.  Since this time, educators recognize the need, but much debate has arisen over 

the appropriate way to teach these problem solving skills. Problem-based learning, PBL, 

emerged in the 1970’s as an effective instructional method that allows students to 

develop skills in problem definition and problem solving, by presenting complex 

problems in “real world” situations (Barrows, 1996). The teachers’ role in problem-based 

learning is that of facilitator, rather than information provider, so the students become 

active seekers of information during the problem solving process, rather than passive 

recipients of information. This provides the students with much more control over their 

learning, and encourages self-direction. However, some students are not able to thrive in 
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a self-directed environment because they have not yet learned how to be self-regulated 

learners.  These students need guidance along the way to ensure that they stay on the 

correct path to solve the problem.  

Recently, computer delivered problem-based instruction has gained popularity 

because of its capacity to provide such rich authentic contexts. Computer technology can 

mirror real-world situations, but without all of the dangers of a real-world problem 

situation.  Students can safely make mistakes on their way to solving a problem, and have 

the opportunity to learn from these mistakes. Technology also has the capacity to address 

the main problem with PBL; some students do not possess the self-regulated learning 

skills to be successful in a PBL environment (Azevedo, Cromley, & Seibert, 2004; 

Azevado, Guthrie, & Seibert, 2004; Hoffman & Ritchie, 1997). Tools can be built into 

the system to offer various types of guidance along the way that will give the students 

direction and help them develop self-regulated learning skills. However, another problem 

exists; if students are not metacognitively aware of how and why they should use these 

tools, the tools can actually hinder their performance by providing additional elements to 

distract them while trying to solve the problem (Oliver & Hannafin, 2000). Perhaps 

assistance should be incorporated into the instruction to help students develop and use the 

metacognitive skills they need to be self-regulated learners and effective problem-solvers. 

Research on collaborative learning suggests that having students work in groups 

can stimulate metacognitive processes (Brown & Palincsar, 1989; Manion & Alexander, 

1997). As students work in groups, they are encouraged to share their thoughts with 

others. This gives them a chance to reflect on their own learning and understanding, as 
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well as to consider others’ perspectives, which aids in clearing up misunderstandings. In 

fact, many problem-based learning activities are designed to be completed in small 

groups because it encourages reflection on the problem solving process (Hmelo & 

Ferrari, 1997). However, what if students are not working in groups or if the groups do 

not spontaneously engage in this type of reflection? Perhaps integrating metacognitive 

prompts into the PBL instruction will encourage students to reflect on the steps of the 

problem solving process as well as their own understanding and learning.  

Another advantage of PBL over other types of instruction is that findings suggest 

students are better able to transfer what they have learned, both content and problem 

solving skills, to new situations (Barrows, 1996; Gallagher, Stepien, & Rosenthal, 1992; 

Hoffman & Ritchie, 1997). However, does this include transfer of metacognitive skills? 

If it is the reflection process that helps students to be more self-regulated and better 

problem solvers, will students be reflective in future learning or problem solving 

situations when they are not prompted to do so or are working individually? Research 

suggests that transfer does not usually occur spontaneously (DeCorte, 2003; Gick & 

Holyoak, 1987). Students need to realize when and how these skills can be helpful in the 

future. Perhaps transfer prompts can be used as part of the PBL instruction to encourage 

students to think about other times when these skills will be useful to them to increase the 

likelihood that they will actually use these skills in the future.  

In this study, I investigated the effects of collaborative learning and reflective 

prompting, both metacognitive and transfer prompting, on students’ problem solving and 

the development and transfer of problem solving and metacognitive skills. Participants in 
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this study included 298 female college students, who completed an inventory measuring 

their metacognitive awareness. Then, participants worked either individually or 

collaboratively through a computer-based problem solving challenge. They received 

metacognitive prompts, transfer prompts, both prompts, or no prompts while they 

worked. Approximately one week later, students completed a near and far transfer task 

and completed the inventory measuring metacognitive awareness for a second time. This 

study was designed to answer the following research questions: 

1. Does prompting of metacognitive thinking enhance performance on the problem 

solving task at hand as well as on near and far transfer tasks, and does it help 

students to develop metacognitive skills? 

2. Does prompting of application of these metacognitive skills, transfer prompting, 

enhance performance on near and far transfer tasks, and does it help students to 

develop metacognitive skills?  

3. What are the effects of collaborative learning on students’ problem solving 

performance on the task at hand, on the near and far transfer tasks, and on the 

development of metacognitive skills?  

4. Are there interaction effects between type of prompting and collaborative learning 

on problem solving performance on the task at hand as well as on near and far 

transfer tasks and the development of metacognitive skills? 
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Chapter 2 

Review of Literature 

In this study I looked at the effects of reflective prompting and collaborative 

learning within a hypermedia problem-based learning program on college students’ 

problem solving performance and the development and transfer of problem solving and 

metacognitive skills. This study integrates ideas from six separate topics in educational 

literature: 1) problem solving, 2) problem-based learning (PBL), 3) computer-based 

learning, 4) metacognition, 5) collaborative learning, and 6) transfer. Each of these topics 

is discussed in this chapter. 

Problem Solving 

Definition and History 

What are these problem solving skills that have become so important in today’s 

educational curriculum and in today’s complex society? What makes a person an 

effective problem solver? Various researchers have struggled to clearly define higher 

order thinking and problem solving in order to answer these two questions. John Dewey, 

(1933) an early advocate in the study of thinking, used the term reflective thinking to 

refer to “the kind of thinking that consists in turning a subject over in the mind and giving 

it serious consideration” (p.3). More recently, Robert Ennis (1985) defined critical 

thinking as “reasonable, reflective thinking that is focused on deciding what to believe or 

what to do” (p. 46).  Gagne (1985) defines problem solving as finding solutions to novel 

problems, while Dominowski (1998) defines problem solving as a goal-oriented activity 

where the path or means to the goal is uncertain. Davidson and Sternberg (1998) say that 
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solving problems requires metacognition, awareness and management of one’s mental 

processes, to guide goal-directed activity. Similarly, Hmelo and Ferrari (1997) describe 

higher order thinking as reflective thought that requires metacognitive monitoring of 

performance.  Over the years, such terms as critical thinking, higher order cognitive 

skills, metacognition, creative thinking, reasoning, and problem solving have been used 

somewhat interchangeably in educational research (Kennedy, Fisher, & Ennis, 1991).  

However, all of these terms are used to express the same idea, that certain skills and 

characteristics are inherent in expert problem solvers. 

In an effort to determine what constitutes effective thinking and problem solving, 

Bransford and Stein (1984) highlight five components of an IDEAL problem solver: 1) 

the ability to identify the problem, 2) to define the problem, 3) to explore possible 

strategies, 4) to act on these strategies, and 5) to look at the effects. One of the most 

important characteristics of a good problem solver is to be able to identify the problem.  

If a problem is not identified, then the learner will not try various strategies to solve the 

problem. Similarly, how a problem is defined has a big effect on which strategies are 

used in attempts to solve the problem. A good problem solver has knowledge of a variety 

of strategies and how to use each of these strategies, and will explore these strategies to 

help them succeed in solving the problem. Furthermore, they will apply these strategies 

and learn from the results of each application.   

Teaching Thinking and Problem Solving Skills 

Dewey (1933) stressed the idea of going beyond the teaching of subject matter 

alone and teaching problem solving skills as well.  A debate exists as to whether teaching 
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of thinking and problem solving skills should be separated from or infused into the rest of 

the curriculum. Both methods have their advantages and disadvantages. Separate 

programs give students a clear idea as to what thinking skills are, are less likely to 

overpower students with knowledge-based curriculum, and can be evaluated more easily; 

infused programs do not require an entire extra course to teach thinking skills, have been 

shown to provide more opportunities for knowledge to be applied outside the classroom, 

and reinforce thinking skills throughout the curriculum (Sternberg, 1987). Perhaps a 

mixed model in which thinking and problem solving skills are taught separately, but are 

reinforced throughout the entire curriculum is the best solution. When teaching thinking, 

it is important to help students analyze their own problem solving processes and 

understand how information and discoveries enable them to solve problems (Bransford, 

Sherwood, & Sturdevant, 1987). Problem-based learning (PBL) has emerged in the last 

thirty-five years as an infused instructional method that does facilitate the development of 

thinking and problem solving skills (Hmelo, Gotterer, & Bransford, 1997; Hmelo & 

Ferrari, 1997; Gallagher et al., 1992).   

Problem-based Learning 

Definition and History 

Hoffman and Ritchie (1997) describe PBL as “a student-centered pedagogical 

strategy that poses significant, contextualized, real-world, ill-structured situations while 

providing resources, guidance, instruction, and opportunities for reflection to learners as 

they develop content knowledge and problem solving skills” (p. 97). Although there are 

variations in problem-based learning, a basic model exists. Learning is student-centered, 
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learning most likely occurs in small groups, teachers are facilitators or guides, problems 

form the organizing focus and stimulus for learning, problems are a vehicle for the 

development of problem solving skills, and new information is acquired through self-

directed learning (Barrow, 1996). PBL puts the learners in the active role of problem-

solver. They are presented with a problem that mirrors one they might be confronted with 

in the real world, and they must make decisions as to how to solve the problem, what 

resources to use, and how to make decisions based on information they gather. Learning 

is self-directed; the role of the teacher is that of facilitator, one who simply guides and 

probes the students, without explicitly giving any answers (Stepien, Gallagher, & 

Workman, 1993; Barrows, 1996; Gallagher, 1997; Hmelo & Ferrari, 1997).   

PBL was originally used in restructuring the curriculum at various medical 

schools. In the late 1960’s, educators at McMaster University noticed that medical 

students were coming out of medical school with lots of facts, but with little skill in the 

kind of behaviors and strategies associated with applying information to the diagnosis of 

real patients (Barrows, 1996). Furthermore, medical students were bored with the current 

curriculum because they were forced to absorb massive amounts of information that 

seemed to have little relevance to actual medical practice. It was not until residency 

training, when students had the opportunity to interact with real patients to help solve 

their problems, that the students became excited about their medical education. McMaster 

University implemented a problem-based learning curriculum in 1969 and graduated its 

first class in 1972. This curriculum presented first year students with simulated patients, 

often based on actual case files (Gallagher, 1997).  The students adopted the role of 
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physician, and became responsible for forming hypotheses for possible causes of the 

patients’ problems, for identifying learning issues, and for selecting how they would learn 

and proceed to solve the problem.  This method proved to be successful, and since then 

numerous medical schools around the world have followed suit, shifting to some variant 

of a problem-based learning curriculum.   

Research on PBL has revealed increased content retention over time by those in 

PBL instruction compared to students in traditional instruction (Gallagher, 1997). 

Furthermore, Gallagher reports that PBL-trained doctors were found to approach 

problems from a broader perspective and were more likely to be successful in achieving a 

good diagnosis, than traditionally trained doctors. Finally, students in PBL curricula are 

more stimulated and motivated than students in traditional types of instruction, are more 

self-regulated learners, and show greater transfer of problem solving skills (Gallagher, 

Stepien, &  Rosenthal, 1992; Barrows, 1996; Hoffman & Ritchie, 1997). 

PBL and Problem solving Skills 

PBL is designed to provide students with a guided experience in solving ill-

structured problems (Gallagher et al., 1992). Ill-structured problems have the following 

characteristics: more information than is initially available is needed to understand the 

problem; the problem definition changes as new information is added to the situation; 

many perspectives can be used to interpret information; and no absolutely “right” answer 

exists (Barrows, 1985).  Gallagher, et al. studied gifted high school students in an 

experimental PBL course and a group of comparison students to determine changes in 

their spontaneous use of problem solving steps as they considered an ill-structured 
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problem.  During a pre-test, an ill-defined problem situation was presented to the 

students, and they had 15 minutes to provide a process for finding a solution, not to solve 

the problem. The intervention consisted of a one-semester course designed to lead 

students to discover the interdisciplinary character of most real world problems, to 

require students to engage in the process of solving ill-structured problems, and to 

improve students’ problem solving skills. The teachers in the course encouraged students 

to reflect upon their thinking, or why they would need to change their thinking. A post-

test was given on the final day of class. Results revealed an increase in certain problem 

solving steps of the students in the PBL class from the pre-test to the post-test. 

Specifically, they used problem finding, defined as identifying a specific problem that is 

central to the “mess” more often on the post-test. These results are promising, because the 

problem finding step is critical to the problem solving process. This study prompted 

future research on PBL as a technique for facilitating problem solving skills. 

Hmelo, Gotterer, and Bransford (1997) compared students taking a PBL elective 

to students taking other electives to examine the effects of PBL on problem solving. 

Students were given a realistic reasoning task. Problem solving processes, knowledge 

use, and self-directed learning were examined.  Specifically, problem solving was 

assessed by examining the reasoning strategies the students used and the coherence of 

their explanations as they solved a problem. Results revealed that PBL students were 

more likely to use hypothesis-driven reasoning, which is the same type of reasoning that 

experts use when solving problems. In addition, they transferred these problem solving 
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strategies to new problems and they constructed more coherent explanations when 

solving new problems.  

Based on the findings described in the previous study, Hmelo and Ferrari (1997) 

describe how problem-based learning can facilitate the development of higher order 

thinking skills needed to solve complex problems. Programs to teach higher order 

thinking skills emphasize learners constructing knowledge on their own, which leads to 

new roles for teachers as facilitators of knowledge construction rather than the suppliers 

of knowledge.  The tutorial process in PBL is designed in this way in order to help 

students develop these thinking skills. During the tutorial process, students reflect on the 

data they have collected to help them solve the problem, generate questions about the 

data, and hypothesize about the problem and possible solutions. The facilitator uses 

metacognitive questioning to encourage this reflective thinking by asking students to 

explain why they consider a solution to be good or why particular pieces of information 

are helpful in solving the problem. Hmelo and Ferrari note that the reflection process in 

PBL is extremely important in promoting higher order thinking skills and is essential for 

efficient transfer of knowledge and strategies because it helps students relate new 

knowledge to prior knowledge, understand how specific strategies might be reapplied in 

novel tasks, and understand the thinking and learning strategies they have used. 

Problems with PBL 

Although problem-based learning has many benefits as previously identified, 

several problems do exist (Hoffman & Ritchie, 1997). For example, the descriptions of 

problems are represented in written form or orally, when similar situations in real life are 



 

 12 

not always presented this way. Problems also exist for instructors, who must be able to 

manage a variety of learners who are progressing at different rates, causing them to spend 

a significant amount of time “tutoring.” Additionally, learners may take more time to 

become engaged in the problem situation. They must be allowed time to explore and to 

make mistakes within the learning process, but must also be prompted and helped to get 

back on task if they are getting too “lost.” Finally, students may initially be 

uncomfortable with the amount of freedom they are given in PBL environments 

especially if they do not possess the self-regulated learning skills needed to be successful 

in this environment. Many of these problems have been addressed by using computers to 

present PBL. 

Computer-based Learning 

Computer-based learning broadly defined is using computers in any way to 

facilitate the learning process. Computer technology allows designers to create 

environments where new methods of learning are possible, such as reflection, 

articulation, and exploration. Computers are capable of creating environments that mimic 

real world situations, such as microworlds and simulations (Collins, 1991). These 

environments allow for learning by exploration, without the dangers that may exist in the 

real world. Students are encouraged to explore, make mistakes, and then reflect and learn 

from these mistakes. Hypermedia is one of the more recent tools used to create these 

learning environments that are greatly enhancing computer-based learning. 
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Hypermedia 

Multimedia is woven combinations of text, graphic art, sound, animations, and 

video elements (Vaughan, 1998). Multimedia becomes interactive when a user is allowed 

to control what and when elements of the system are delivered. Hypermedia is interactive 

multimedia that provides a structure of linked elements through which a user can 

navigate.  

Ayersman (1996) lists three possible applications of hypermedia-based learning: 

knowledge/information presentation, knowledge/information representation, and 

knowledge/information construction. Hypermedia has the unique ability to present and 

represent information in various forms. Ayersman states that students are better able to 

recall information when multiple modes of information are combined, and this is very 

effective in reaching learners with diverse preferences for learning. Furthermore, multiple 

representational modalities may improve transfer to real life situations (Hoffman & 

Ritchie, 1997).  However, it is the knowledge/information construction process that has 

become most talked about in hypermedia-based learning research. This idea fits nicely 

with the constructivist theories, where learners construct their own knowledge through 

their experiences. For this reason several constructivists advocate the use of hypermedia 

delivered PBL (Oliver & Hannafin, 2000). 

Hypermedia and PBL 

Hypermedia is an excellent way to deliver problem-based instruction. Two of the 

main benefits in using hypermedia as a method to deliver PBL are mentioned in its 

definition. First, it offers multiple ways for users to gather information through text, 
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video, animation, sound, and so on. By presenting problems in a variety of ways, 

multimedia increases the richness of the problem and also increases the user’s ability to 

interpret and understand the problem through multiple exposures (Hoffman & Ritchie, 

1997). Second, it allows learners control in their problem solving process by letting them 

choose their own path through the program.   

Hoffman and Ritchie (1997) discuss several additional ways that hypermedia can 

be used to address the problems with PBL. Hypermedia can help guide students who are 

less comfortable with self-directed learning by providing “just in time” information to 

these students. Experts can be built into the system to provide advice to the learner. 

Hypermedia can be used to assess the quality and quantity of learners’ growth by 

monitoring and evaluating the choices made in the environment. Pre-programmed 

feedback can be given based on decisions made. Finally, hypermedia can alleviate time 

constraints by cutting down on the time instructors need to spend interacting with 

students. Electronic “tutors” or facilitators can prompt students to reflect upon their 

learning and can provide advice to the students. Hoffman and Ritchie note that by 

providing richer contexts, individualizing practice, feedback, and reflection, and 

facilitating more authentic assessment, hypermedia can strengthen conventional PBL. 

Many of these features described by Hoffman and Ritchie (1997) that can be built 

into hypermedia delivered PBL are examples of cognitive tools. Lajoie (1993) defines 

cognitive tools as tools that can support aspects of learners’ cognitive processes, while 

Jonassen and Reeves (1996) described cognitive tools as technologies that enhance the 

cognitive powers of human beings during thinking, problem solving, and learning. Lajoie 
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discusses ways cognitive tools assist learners by: (a) supporting cognitive processes; (b) 

sharing cognitive load by providing support for lower level cognitive skills allowing 

more resources for higher order cognitive skills; (c) allowing the learner to engage in 

cognitive activities that would be out of their reach otherwise; and (d) allowing learners 

to generate and test hypotheses in the context of problem solving. Cognitive tools can 

provide support to novice learners as they roam and create their own meanings and 

understandings of the information presented in a hypermedia delivered PBL environment 

(Harper, Hedberg, Corderoy, & Wright, 1998).  However, building cognitive tools into a 

system does not ensure learners will actually use them when they are needed and the way 

in which they were intended to be used. 

Problems with Hypermedia delivered PBL 

If students are not metacognitively aware of how and why they should use tools 

provided to them in a PBL environment, then the tools may not be effective at providing 

the guidance they were intended to provide (Oliver & Hannafin, 2000). In fact, the tools 

can actually act as a hindrance if their presence provides additional elements to distract a 

learner when trying to solve the problem in an ill-structured environment.   

Oliver and Hannafin (2000) investigated middle school students’ use of computer 

tools to help them collect, organize, annotate, and evaluate complex information during 

authentic scientific inquiry. They proposed that using these tools to manipulate 

hypermedia resources in a manner consistent with higher order thinking (e.g., organize, 

integrate, evaluate) would help them solve complex open-ended problems. However, 

results revealed that the tools mostly supported lower-level information gathering and 
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thinking rather than higher order reasoning they were hoping to promote, but the students 

failed to use the tools to their full potential. The students typically resolved the problem 

with original solutions, and the tools were rarely used to develop evidence-based 

arguments to justify these new ideas. The students might have engaged in higher order 

thinking if the tools had been used effectively.  

Azevedo and others (2004) conducted several studies looking at students learning 

in hypermedia environments. Specifically, they used models of self-regulated learning to 

examine how students learn and adapt to learning with hypermedia, and they also noticed 

that students often experience problems (Azevedo, Cromley, & Seibert, 2004; Azevado, 

Guthrie, & Seibert, 2004). Hypermedia allows for access to a wide range of information, 

such as text, graphics, audio, and video, in a non-linear fashion, and students must be able 

to navigate through this type of environment and make decisions about what to learn and 

how to learn it in order to be successful in this type of learning situation. Students have 

difficulties benefiting from hypermedia environments because they fail to engage in key 

metacognitive activities related to regulating their learning with hypermedia (Azevedo, 

Cromley, & Seibert, 2004; Azevado, Guthrie, & Seibert, 2004). 

These studies demonstrate that the tools provided within hypermedia learning 

environments alone are not enough to help students manage the information or support 

the processes they are intended to support if students do not possess the metacognitive 

awareness to apply these tools strategically. Students need to be aware of when and how 

to use the tools, and also how to regulate their learning within these environments to be 

successful. 
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Metacognition 

Flavell (1979) was the first to use the word metacognition in educational research. 

He refers to metacognition as cognition about cognitive objects, or simply thinking about 

one’s own thoughts. He noticed that young children did relatively little monitoring of 

their own comprehension and other cognitive activities. Yet, it is metacognitive 

knowledge that leads learners to select, evaluate, revise, and abandon cognitive tasks, 

goals, and strategies. For this reason, young children often made mistakes when learning. 

Flavell prompted a new area of research, and encouraged others to recognize the 

importance of metacognition in understanding learning and in helping individuals to 

learn.  

Metacognition is said to encompass two parts, knowledge of cognition and 

regulation of cognition (Brown, 1987; Flavell, 1987; Schraw & Dennison, 1994). 

Knowledge of cognition, or metacognitive knowledge, refers to knowledge about 

yourself and about learning strategies as well as knowledge about when, why, and how to 

use these strategies. Regulation of cognition refers to the control aspect of learning, such 

as planning, comprehension monitoring, and evaluation; this aspect is often referred to as 

self-regulation. These two components are highly related to each other (Schraw & 

Dennison, 1994: Sperling, Howard, Staley, & DuBois, 2004).  
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Metacognition and Problem Solving 

Reflective thinking, awareness, management of mental processes, and 

metacognitive monitoring all show up in various definitions of problem solving and 

critical thinking skills, implying that use of metacognition is imperative when solving 

problems (Dewey, 1933; Ennis, 1985, Davidson & Sternberg, 1998, Hmelo & Ferrari, 

1997). When presented with a problem, metacognitive skills help learners strategically 

encode the nature of the problem, form a mental model or representation of its elements, 

select appropriate plans and strategies for reaching the goal, and identify and overcome 

obstacles that may impede progress (Davidson & Sternberg, 1998). Metacognitive 

planning and strategy selection help problem solvers determine where to begin and what 

outcomes to expect along the way. Furthermore, by monitoring their progress in reaching 

a solution, adjustments in plans and strategies can be implemented if needed to 

successfully solve the problem. 

When working with novice problem solvers, Dominowski (1998) noticed that 

they simply leap into problem solving action, rather than taking the time to really 

consider the problem. Novice problem solvers rarely engage in solution monitoring, 

analysis of problem requirements, and deliberate construction and evaluation of problem 

representations, even though these are effective procedures when solving a problem. How 

can students be encouraged to engage in these types of metacognitive activities? 

Dominowski states that metacognitive probing has been shown to promote a different 

kind of problem solving approach, a more reflective strategy that subjects continue to use 

even when answering questions is no longer required. 
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Berandi, Dominowski, Buyer, and Rellinger (1995) conducted four studies 

looking at the effect of metacognitive prompting on problem solving. They believed that 

the positive effects found in previous studies when students were forced to verbalize their 

thoughts during problem solving were really due to the metacognitive processing 

involved in the effort required to produce explanations for solution behaviors rather than 

the verbalization itself. This is exactly what the results of their studies revealed. 

Requiring students to answer questions such as, “why did you do that?” when solving a 

problem forced learners to shift from focusing on the aspects of the problem to focusing 

on what they are doing when solving the problem. The learners observed themselves as 

problem solvers, and became involved in metacognitive processing. Results of the first 

three studies revealed that those involved in metacognitive processing performed better 

on both the training problems and the transfer problems. The fourth study compared 

metacognitive and think aloud participants to determine what process-strategy differences 

existed. Results revealed that the metacognitive participants used much more 

sophisticated strategies, monitored themselves more often, and developed more 

sophisticated representations of the problem than participants who simply thought aloud. 

Results from the four studies reveals that problem solvers do not spontaneously become 

involved in metacognitive processing when solving problems, but when they were forced 

to answer prompting questions about their problem solving process, transfer effects were 

positive.   
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Metacognition and Self-Regulation 

Just as metacognition is inherent in effective problem solving, metacognition is 

also inherent in self-regulated learning. Self-regulated learners are knowledgeable about 

cognitive strategies and how to use them. They know how to plan, control and direct their 

mental processes toward the achievement of personal goals (Butler & Winne, 1995; 

Zimmerman, 2002). 

The metacognitive prompts discussed by Berandi et al. (1995) caused learners to 

generate internal feedback about their learning process, and feedback is an inherent 

catalyst for all self-regulated activities (Butler & Winne, 1995). Effective feedback is an 

essential part of the teaching and learning environment. Feedback can provide 

information to students about what has been or has not been learned. Self-regulated 

learners generate internal feedback while monitoring engagement with tasks. As self-

regulated learners engage in an academic task, they draw on knowledge and beliefs to 

construct an interpretation of a task’s properties and requirements. Based on these 

interpretations, they set goals. Tactics and strategies are then applied in order to reach the 

goals.  Monitoring these processes and the products they produce generates additional 

internal feedback, which becomes a constant cycle throughout the learning process and is 

described in Bulter’s and Winne’s model of self-regulated learning. Learners may set 

new goals or adjust previous ones, they may reexamine strategies and select a more 

productive approach, and possibly generate new procedures.  

Measures need to be taken to promote the generation of internal feedback during 

the problem solving process. By targeting internal feedback at tactics and strategies that 



 

 21 

drive cognitive processing, we can facilitate students’ maintenance and transfer of these 

tactics and strategies.  

Collaborative Learning 

 Broadly defined, collaborative learning is a situation in which two or more people 

learn or attempt to learn something together. The terms cooperative learning and 

collaborative learning are often used interchangeably, but some researchers would argue 

the two are not the same. Both involve students working together; however, cooperative 

learning is thought to be more teacher-centered while collaborative learning is more 

student-centered (Panitz, 1997).  In cooperative learning, the teacher usually maintains 

complete control over the group, by establishing the group’s goals, assigning group roles, 

and providing the group with all the materials they need to complete the task. In 

collaborative learning, the learners have much more control over their learning and more 

freedom to construct their own knowledge. They determine how they will work together, 

what they need to do to accomplish their task, and what the finished product will be. The 

focus in collaborative learning is on the interactions and discussions among the students, 

and the idea is that working together leads to greater understanding than working alone. 

Bruffee (1999) sees collaborative learning as picking up where cooperative learning left 

off. Once students learn basic information and are able to interact socially, they can work 

together with less structure.  

Research suggests there are various academic and social benefits of both 

cooperative and collaborative learning (Johnson & Johnson, 1999). Research on 

collaborative versus individual problem solving has shown that, on average, group work 



 

 22 

leads to better problem solving and learning outcomes (Johnson & Johnson, 1981; 

Stevens & Slavin, 1995; Webb & Palinscar, 1996). Collaborative problem solving can 

promote deep learning, which helps students to retain knowledge and to apply knowledge 

in other contexts; it also helps them develop critical thinking skills (Johnson, James, Lye, 

& McDonald, 2000). 

Collaborative Learning and Metacognition 

 Research on collaborative learning suggests that having students work in groups 

can stimulate metacognitive processes (Brown & Palinscar, 1989; Manion & Alexander, 

1997). The group setting encourages interaction and discussion amongst students. 

Students often spontaneously become involved in metacognitive activity as they verbalize 

their own thought processes and consider others’ perspectives. 

Manion and Alexander (1997) conducted a study looking at the benefit of peer 

collaboration on cognitive strategy use and effectiveness, and the metacognitive 

understanding of strategy use on a recall task. Fourth grade students were given a pretest 

and grouped into metacognitive causal attribution classifications based on their 

responses. Then students were assigned to groups, so that each group had at least one 

student operating at a higher level and one student at a lower level. Groups in the 

treatment condition worked together on a recall task, and groups in the control condition 

were seated at the same table, but not instructed to work together on the task.  Later, all 

students completed another recall task individually. Results revealed that there were more 

metacognitive verbalizations, defined as any exchange of information regarding 

strategies, among the treatment groups than the control groups. Students in the treatment 
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groups also used more sophisticated recall strategies during their individual task and 

recalled more items than those in the control group. Finally, students operating at the 

lowest levels of metacognitive causal attributions reported more sophisticated 

understandings of the usefulness of strategies after their peer collaboration task.  These 

findings indicate that discussions among group members can be very beneficial to 

students’ metacognitive understandings.  

Collaborative Learning and Problem Solving 

Collaborative learning can promote the development of problem solving skills in 

the same way that it promotes metacognition. As students work together to solve a 

problem, they formulate ideas, discuss them, and receive immediate feedback from their 

group members. This allows students to verbalize their own thought processes and to 

consider others’ thought processes as well, which can lead to better understanding and 

better problem solving (Gillies & Ashman, 2003).  

Heller, Keith, and Anderson (1997) conducted a study looking at the effects of 

group learning on the problem-solving performance of college students. The researchers 

realized that when presented with physics problems novice problem-solvers rarely 

analyzed the problem situation or planned a solution strategy. Instead they tended to jump 

right in, spending a lot of time plugging numbers into equations until they reached a 

numerical solution, and never checked to ensure that their numerical answer actually 

made sense. In an effort to help students integrate conceptual and procedural aspects of 

problem solving, the researchers taught students enrolled in a physics course a problem-

solving strategy based on  “expert” problem solving in physics: (a) visualize the problem, 
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(b) describe the problem in physics terms, (c) plan a solution, (d) execute the plan, and 

(e) check and evaluate the solution. Throughout the semester the students practiced using 

the strategy to solve context-rich problems, either in groups or individually. Additionally, 

throughout the semester the students completed tests individually where they were asked 

to solve context-rich problems.   

Heller, Keith, and Anderson (1997) found that group problem solutions were 

better than individual problem solutions. The researchers identified the best problem 

solvers as the students who received the highest grades on the individual tests. They 

found that the group solutions were statistically better than the individual solutions of the 

“best problem-solvers” on the individual tests. The students who worked in groups 

generated more useful physics descriptions with fewer conceptual difficulties and showed 

better matching of the physics principles to the appropriate mathematical expressions 

than the “best problem solvers” working alone. They also found that the problem solving 

performance of all ability students improved over the course of the semester. The results 

of this study suggest that students working together in groups share conceptual and 

procedural knowledge and request clarification, justification, and elaboration from one 

another as they work, leading to better problem solving than could be achieved by 

students working alone. 

Transfer 

 Transfer has traditionally been defined as the process of using knowledge 

acquired in one situation in some new situation (Alexander & Murphy, 1999) and is the 

goal of all education (Martini & Genereux, 1995) and the foundation of learning, 
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thinking, and problem solving (Haskell, 2001). Often times, transfer is discussed as either 

near or far transfer. In near transfer, knowledge or behavior is applied in a situation that is 

highly similar to the original situation in which it was learned, and far transfer occurs 

when the situation is highly different. It is far transfer that is associated with highly 

intelligent behavior, and what educators and researchers attempt to promote (Detterman, 

1993). 

The topic of transfer has been one of the most heavily researched over the past 

century, but the findings show more examples of failure to transfer than examples of 

successful transfer. Thorndike and Woodworth conducted many of the classic studies 

designed to assess the degree people transfer, and Thorndike came up with the theory of 

identical elements. They found that transfer usually occurs between highly similar 

situations (Detterman, 1993; Haskell, 2001). In a literature review, Singley and Anderson 

(1989) came to the same conclusion that there is some evidence for near transfer, but 

little demonstration of general transfer. However, much debate exists over this topic and 

there are some classic studies that do suggest evidence of general transfer.  

In 1908, Judd conducted a study where children threw darts at an underwater 

target (Detterman, 1995; Haskell 2001). An experimental group was told about how 

water refracted light and that the principle of refraction would be helpful in hitting the 

target. The control group received no instruction. The experimental group outperformed 

the control group on a transfer task of hitting targets at different depths. This experiment 

showed the importance of learning with understanding (Bransford & Schwartz, 1999) and 
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was a precursor to cognitive and metacognitive models of transfer (Haskell, 1999), where 

the learner is a focus in addition to the context.  

In an attempt to explain past failures and to develop ways of teaching that will 

promote transfer, many researchers are rethinking the traditional views on transfer. 

Salomon and Perkins (1989) describe an alternative view of transfer; transfer occurs by 

two routes, the low-road transfer and the high-road transfer. The low-road involves 

spontaneous, automatic transfer of highly practiced skills in a new context, while the 

high-road involves effortful processing and mindful abstraction of something from one 

context and application in a new context. The high-road can be broken down further into 

forward-reaching, where one mindfully abstracts something in anticipation for later 

application or backward-reaching where one searches for relevant knowledge when 

presented with a new situation. 

Hatano and Greeno (1999) present a redefinition of transfer that emphasizes a 

more socio-cultural view. Knowledge is not static property of individuals, but rather it 

emerges through interactions among people and between people and their environment. 

The situations in which new problems are presented affect whether a learner can use what 

he or she has learned to solve new problems. Hatano and Greeno agree that past studies 

where transfer was measured by immediate and independent application on a transfer task 

may come to the conclusion that transfer was not successful. However, in everyday 

learning, people usually have access to external support and with this support are much 

more able to solve novel problems.  
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Bransford and Schwartz (1999) oppose the direct-application theory of transfer, 

independent and intermediate application of knowledge and skills acquired in one 

situation to another, and define transfer more broadly to emphasize preparation for future 

learning. Past transfer studies have measured transfer by performance on some problem 

solving transfer task, where learners are not offered a chance to seek help from resources, 

to receive any feedback, or to make revisions.  Bransford and Schwartz believe that 

assessment of transfer should be based on the learner’s ability to learn in novel resource-

rich contexts, rather than their performance on a “sequestered problem solving” task. 

These new definitions of transfer emphasize the role of metacognitive and self-regulatory 

skills, and are much more in line with the idea that learning is an active process of 

constructing knowledge. 

Transfer, Metacognition, & Problem Solving 

Studies by Gick and Holyoak (1987) show some evidence of general problem 

solving transfer. Some college students read a story about a general who wanted to 

capture a fortress. There were roads leading out in all direction, but only a few could 

travel across the roads at one time, and he needed his entire army for a successful attack. 

He solved his problem by dividing his army into small groups that attacked the fortress 

simultaneously from all directions. Next, students were presented with the transfer 

problem where they were told that a doctor needed to treat a malignant tumor in a 

patient’s stomach with radiation. However, a ray of the intensity that would destroy the 

tumor would also destroy the healthy tissue in its path, but rays at lower intensity would 

not destroy the tumor. How should the doctor proceed? They found that 75% of students 
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that heard the fortress story and were given hints to apply it came up with the correct 

solution, but only 30% did so without the hint. However, this was still better than the 

control group, those who had not heard the fortress story, where only 10% of students 

came up with the correct solution. In a later study, these same researchers found that 

when students were given two stories, the fortress story and a story about multiple hoses 

being used to fight a fire, there was a much greater frequency of spontaneous transfer to 

the radiation problem (Gick & Holyoak, 1987).  

Metacognitive skills have been linked to successful transfer of problem solving 

skills (Mayer & Wittrock, 1996).  Many of the research studies previously mentioned in 

this literature review support this idea. The results of studies by Berandi, Dominowski, 

Buyer, and Rellinger (1995) revealed that forcing students to answer prompting questions 

about the problem solving process lead to positive problem solving transfer. Hmelo and 

Ferrari (1997) found that during problem-based learning, when a facilitator used 

metacognitive questioning to encourage reflective thinking, students performed better on 

problem solving transfer tasks. Hmelo and Ferrari note that the reflection process in PBL 

is extremely important in promoting higher order thinking skills and is essential for 

efficient transfer of knowledge and strategies because it helps students relate new 

knowledge to prior knowledge, understand how specific strategies might be reapplied in 

novel tasks, and understand the thinking and learning strategies they have used. 

More recently, Brand, Reimer, and Opwis (2003) conducted a study looking at the 

effects of metacognitive thinking on individual problem solving and transfer 

performance. While students worked through a problem solving task, approximately half 
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of the students where forced to answer three questions designed to stimulate 

metacognitive thinking. Following the initial problem solving task, all students completed 

a series of transfer tasks individually, which consisted of a structurally similar problem 

and two structurally dissimilar problems. They found that metacognitive stimulation 

enhanced performance on all tasks. 

Traditionally, transfer was defined as the application of knowledge and skills 

acquired in one situation to another (DeCorte, 2003).  However, recently transfer has 

been defined more broadly to emphasize preparation for future learning; so assessment of 

transfer is now based on the learner’s ability to learn in novel resource-rich contexts 

(Bransford & Schwartz, 1999).  This new definition of transfer emphasizes the role of 

metacognitive and self-regulatory skills.  However, promoting metacognitive skill 

development during problem solving may not be enough to facilitate transfer.  DeCorte 

(2003) found that training students in how to use and in the importance of particular 

metacognitive strategies improved transfer of these strategies to new situations. 

Facilitating Transfer of Problem Solving and Metacognitive Skills 

Several researchers have demonstrated that prompting metacognition through the 

use of reflective questions facilitates problem solving transfer. However, little research 

has been conducted to look at how this type of prompting affects the development and 

transfer of metacognitive skills. DeCorte (2003) notes that promoting metacognition 

during problem solving may not be enough to facilitate this type of transfer, but that 

training students in how to use and in the importance of particular metacognitive 

strategies does improve transfer of these strategies. Similarly, Salomon and Perkins 
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(1989) stress the importance of helping students to abstract common themes among what 

they are learning and promote discussions about similarities and differences to provoke 

forward-reaching transfer, and urging students to think about what they have already 

learned when learning something new to provoke backward-reaching transfer. Perhaps a 

different type of prompting could be more facilitative to transfer. Rather than simply 

asking students to answer reflective questions about the problem solving process, asking 

students to think about how the strategies they use when solving a problem can be 

applied in the future might be more beneficial to the transfer of both problem solving and 

metacognitive skills. 

Research on collaborative learning also suggests positive transfer effects. 

Dansereau (1997) saw positive transfer of reading and studying skills after cooperative 

interventions. Others have demonstrated that the combination of collaborative learning 

and question prompting promotes transfer of both problem solving and metacognitive 

skills. King (1991, 1994, 2002) conducted several studies where students were taught to 

use specific, guided questioning strategies while working together to solve problems. 

Results indicate that when students used these questioning strategies, they asked more 

strategic and thought-provoking questions and engaged in more awareness of their 

problem solving. This led to better problem solving performance on the original problems 

and on transfer problems. Kramarski and Mevarech (2003) found that students who 

worked collaboratively and were provided with metacognitive training while working on 

a mathematics lesson outperformed students who worked individually with metacognitive 
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training and those who worked collaboratively without metacognitive training on the 

mathematical task and on a transfer task.  

Purpose and Rationale of Study 

The purpose of this study was to look at how varying types of reflective prompts 

and collaborative learning influenced problem solving performance and the development 

and transfer of problem solving and metacognitive skills. Having observed students 

working both independently and collaboratively through various hypermedia problem-

based learning programs, I realized that many of them lacked some very important skills 

needed to solve the problems presented: identifying the problem, establishing goals and 

plans for solving the problem, forming hypotheses, testing these hypotheses, thinking 

critically about the results of such tests, and redefining the problem and/or setting new 

plans of action if necessary. In an effort to help students gain these skills, I provided 

students with metacognitive prompts that encouraged them to reflect upon these 

processes that they go through when solving a problem. Additionally, I provided transfer 

prompts that encouraged students to reflect on how these same processes could be useful 

when presented with future problems or academic tasks. I also compared students 

working either individually or collaboratively through the problem solving task to 

determine the effects of collaborative learning and the combination of collaborative 

learning and prompting. This study was designed to answer the following research 

questions: 
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1. Does prompting of metacognitive thinking enhance performance on the problem 

solving task at hand as well as on near and far transfer tasks, and does it help 

students to develop metacognitive skills? 

2. Does prompting of application of metacognitive skills, transfer prompting, 

enhance performance on near and far transfer tasks, and does it help students to 

develop metacognitive skills?  

3. What are the effects of collaborative learning on students’ problem solving 

performance on the task at hand, on the near and far transfer tasks, and on the 

development of metacognitive skills?  

4. Are there interaction effects between type of prompting and collaborative learning 

on problem solving performance on the task at hand as well as on near and far 

transfer tasks and the development of metacognitive skills? 
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Chapter 3 

Method 

Participants 

Participants in the study included 310 college students enrolled in an Educational 

Psychology class at a large Southern university during the Spring semester 2005. Most 

students participated in the study as part of their class requirements (n = 295), and were 

specifically assigned to participate in this study. Due to the way the participants were 

assigned, all 295 participants were women. The remaining participants (n = 24) were 

recruited from a separate Educational Psychology course and received extra credit points 

for their participation. The majority of these participants were also women (n = 23). The 

one male participant was deleted from the data set, along with the participants who failed 

to complete Phase 1 of the study. The final analysis included 298 female participants.  

Procedures 

A pilot test version of this study was conducted with seven participants (four 

working in groups, and three working individually) early in the Spring semester 2005. 

Results confirmed that all procedures functioned properly.  

The students who were assigned to participate in this study were contacted via e-

mail to provide them with information about the study. The e-mail stated that the study 

consisted of two phases and directed them to a website where they completed a 52-item 

survey about their metacognitive awareness and scheduled their participation in an 

experimental session, Phase 1. The students recruited from the separate Educational 

Psychology class were given a flyer describing the study during class, and asked to 
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contact the researcher via e-mail if interested in participating. Interested students were 

then sent a link to the website where they completed the initial 52-item survey, and 

signed up to participate in Phase 1.  

Phase 1 

In Phase 1, students met in a campus computer lab and completed the problem 

solving challenge presented in the computer-based learning program, Alien Rescue, 

which is described later in this chapter. During the research session, each student had her 

own computer, and worked either independently or in groups of two through Alien 

Rescue. At the beginning of the session, students were given a 10-minute introduction to 

the program (Appendix A). They were taught how to log into the program, how to 

navigate through the program, and were briefly shown each of the tools provided in Alien 

Rescue. They were also told that due to time constraints, they did not have to solve the 

entire problem presented in the program, which is to find a home for each of the six alien 

species. They were told to focus only on one particular alien species, the Kaylid. Students 

then spent approximately 1 1/2 hours working through the challenge. Once the students 

solved the problem, they independently filled out a paper-based recommendation form 

describing their solution. Phase 1 lasted approximately 2 hours.  

There were 21 Phase 1 sessions that took place at various times of the day over a 

three-week period. These experimental sessions were semi-randomly assigned to 

treatment conditions. The first eight experimental sessions were randomly assigned to 

treatment conditions. The remaining 13 sessions were assigned to treatment conditions 

based on the need to even out the number of students in each condition. 
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Treatment Conditions 

 There were 8 treatment conditions in this study, each with varying levels of 

reflective prompting and collaborative learning. Each treatment condition is listed in 

Figure 1, and described in the following section. 

 Prompt Condition 

 
Metacognitive 

Prompts 

Transfer 

Prompts 

 

Metacognitive 

and Transfer 

Prompts 

 

No Prompts 

Yes 

Metacognitive 

Prompts 

Collaborative 

 

Transfer 

Prompts 

Collaborative 

 

Both Prompts 

Collaborative 

No Prompts 

Collaborative 

Collaborative 

Learning 

Condition 

No 

Metacognitive 

Prompts 

Individual 

 

Transfer 

Prompts 

Individual 

 

Both Prompts 

Individual 

No Prompts 

Individual 

Figure 1. Treatment Conditions 

Metacognitive prompts conditions. Students answered reflective questions on a 

paper form (Appendix B). These questions prompted metacognition at three different 

times during the research session: 1) immediately following the introduction to the 

program, 2) after working on the challenge for 45 minutes, and 3) after completing the 

challenge. 

Transfer prompts conditions. After completing the challenge, students completed 

a web-based survey (Appendix C). This survey consisted of reflective questions that 

prompted them to consider how some of the processes used when solving the problem in 

Alien Rescue could be useful to them in the future.   
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Both prompts conditions. Students answered the reflective questions that 

prompted metacognition while working through the challenge in Alien Rescue. After 

completing the challenge, they answered the reflective questions that prompted transfer 

of these skills.  

No prompts conditions. Students did not receive any prompting questions while 

working through the challenge. Nor did they receive any prompting questions after 

completing the challenge. 

Collaborative learning conditions. Students were randomly assigned a partner to 

work with. Partners worked collaboratively through the challenge presented in Alien 

Rescue. They were told that they could choose how they work best together (i.e., dividing 

up tasks versus working on everything together, using one computer versus using two 

computers). They were also told that they could discuss the prompting questions together 

if they chose to, but everyone had to individually fill out answers to each question.  

Individual learning conditions. Students worked individually through the 

challenge presented in Alien Rescue. They also worked individually when answering any 

prompting questions they may have received. 

Phase 2 

One week after Phase 1, students were contacted via e-mail again. They were 

informed that they had one week to complete Phase 2, which would take approximately 1 

hour, and were directed to a website where they could do so. Reminder e-mails 

containing the same information were sent to the students every other day until they 

completed Phase 2. In Phase 2, students completed a near transfer task, a far transfer task, 
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and the 52-item questionnaire assessing metacognitive awareness for a second time. They 

were also asked to rate their prior knowledge about the planets and moons in our solar 

system before working through Alien Rescue on a 5-point scale, with 1 being “I did not 

know very much about the planets and moons of our solar system” and 5 being “I was 

extremely knowledgeable about the planets and moons of our solar system (i.e. I knew 

specifics about the planets and moons of our solar system, such as temperatures, 

elemental composition, atmosphere, …)”. Each of these tasks will be discussed further in 

the following section. Phase 2 was completed individually and on the students’ own time 

and computers.  

Materials 

Metacognitive Awareness Inventory (MAI) 

The MAI is 52-item self-report instrument created to measure adolescents’ and 

adults’ metacognitive awareness (Schraw  & Dennison, 1994). The scale assesses two 

components of metacognition and consists of two scales: Knowledge of Cognition Scale 

and Regulation of Cognition Scale (Brown, 1987; Flavell, 1987). Knowledge of 

cognition, or metacognitive knowledge, refers to knowledge about yourself and about 

learning strategies as well as knowledge about when, why, and how to use these 

strategies. A sample Knowledge of Cognition item is, “I use different learning strategies 

depending on the situation.” There are 17 Knowledge of Cognition items. Regulation of 

cognition refers to the control aspect of learning, such as planning, comprehension 

monitoring, and evaluation. A sample regulation of cognition item is, “I ask myself 

questions about how well I am doing while I am learning something new.” There are 35 
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Regulation of Cognition items. Significant correlations between these two components (r 

= .54 and r = .45) have been reported in the literature (Schraw & Dennison, 1994). The 

MAI was originally scored on a 100-point scale with 0 being “totally untrue of me” and 

100 being “totally true of me”. The scale demonstrates high reliability (! = .95) (Schraw  

& Dennison, 1994).  

 Results of more recent studies reveal that the MAI is significantly correlated with 

the Learning Strategies Survey (LSS) Inventory (r = .50, p < .001), which measures 

students’ covert and overt cognitive processes, and the Metacognitive Self-Regulation 

Scale of the Motivated Strategies Learning Questionnaire (MSLQ) (r= .59, p < .001) 

(Sperling, Howard, et al., 2004). In these studies the two components of the MAI showed 

a stronger correlation (r = .75, p < .001 and r = .68, p < .001) than originally calculated by 

Schraw and Dennison (1994). In these studies, the MAI was scored on a 5-point scale 

with 1 being “very untrue of me” and 5 being “very true of me”. These studies indicate 

convergence of self-report measures of metacognition, indicating that the MAI is an 

appropriate measure of students’ metacognitive skills for the purposes of this study. See 

Appendix D to view the content of the MAI. 

Computer-based Learning Environment 

Alien Rescue, the computer-based learning environment used in this study, was 

derived from research on hypermedia and problem-based learning. It is an interactive 

program designed to simulate an authentic scientific problem (Liu, Williams, & Pedersen, 

2002). Students solve a complex problem presented by the program that will require them 
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to gain knowledge about our solar system and the tools and procedures that actual 

scientists use to study the solar system.  

The program begins with the presentation of the problem: six alien species whose 

homes have been destroyed are discovered orbiting Earth, and the students are to find 

them new homes within our solar system. Several tools are provided within the program 

to help the students with this task: a database that provides information about each 

species and their homeland, a database containing information about our solar system, the 

ability to design and launch probes to the planets and moons of our solar system to gain 

information about them, a control room where the results of launch missions can be 

viewed, a notebook to organize and record information, a spectrogram chart, a periodic 

table, a concept database where key scientific concepts are introduced (e.g., gravity, 

temperature conversions, magnetic fields), and an expert section that contains videos of 

experts describing how they would address certain aspects of the problem. 

Metacognitive Prompts 

These question prompts encouraged the students to reflect upon the processes 

they go through, or should have gone through, when solving the problem presented in 

Alien Rescue, such as identifying the problem, establishing goals and plans for solving 

the problem, forming and testing hypotheses, and setting new plans of action if necessary. 

Students in the Metacognitive Prompts Conditions and the Both Prompts Conditions 

answered these prompting questions on paper three times while working through Alien 

Rescue. The metacognitive prompts and the timing of these prompts are in Appendix E. 
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Transfer Prompts 

These question prompts were designed to encourage the students to reflect upon 

how certain processes they went through while using Alien Rescue can be useful to them 

in future learning experiences. Students answered these prompting questions online after 

they filled out the recommendation form. These transfer prompts are in Appendix F. 

Recommendation Form 

Alien Rescue ends once students solve the problem, which is when they choose a 

home for each alien species. However, due to the time constraints of this study, students 

were asked to find a home for only one of the alien species, and all students worked on 

the same alien. They completed a recommendation form on paper, where they listed 

which planet or moon in our solar system was chosen for the species, and reasons why 

that particular place was chosen. It is important to note that there are a number of places 

where students may choose to send the alien, each with pros and cons. However, certain 

planets and moons are better suited for the species than others. The students were 

responsible for defending their recommendation by listing the pros and cons of the place 

that they chose and why they chose this place over another.  See the recommendation 

form in Appendix G and the rubric for scoring the recommendation form in Appendix H. 

Near Transfer Task 

The near transfer task consisted of a similar problem to the alien placement 

problem for the students to solve in a novel context. This problem required the students to 

apply strategies and skills similar to those used while interacting with Alien Rescue. The 

students read a message asking for their help in finding a home for an endangered 
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salamander. The needs of the salamander and descriptions of three possible homes were 

given in this message. Students responded with their choice for the salamander’s new 

home and the reasons why they chose that particular home. Each of the homes has pros 

and cons. Participants’ responses were scored based on the rationale they provided as to 

why they placed the salamander in that home. Versions of this task have been used in two 

previous studies (Pedersen, 1999; Williams, Pedersen, & Liu, 1999). See the near transfer 

task in Appendix I and the scoring rubric in Appendix J. 

Far Transfer Task 

 The far transfer task consisted of a dissimilar problem in a novel context. Students 

were presented with an academic problem that many students face. A hypothetical 

student enters a test feeling prepared and confident, and then realizes that she is not as 

prepared as she thought she was and ends up getting a lower grade than she expected. 

Students were asked to identify why the problem occurred, and then determine what steps 

the student could take to ensure that the problem does not occur again. This problem can 

be resolved by applying strategies and skills similar to those used while interacting with 

Alien Rescue. For example, taking the time to ensure that you understand the problem or 

the requirements of the task, considering prior knowledge that could help with the task, 

using available tools/resources to help with the task, and monitoring your progress are all 

things that would be helpful when working through Alien Rescue and when resolving the 

problem presented in the far transfer task. View the far transfer task in Appendix K and 

the scoring rubric in Appendix L.  
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Hypotheses 

Research Question 1 

Does prompting of metacognitive thinking enhance performance on the problem 

solving task at hand as well as on near and far transfer tasks, and does it help students to 

develop metacognitive skills? 

Hypothesis 1 

I hypothesized that students who answered reflective questions that encouraged 

metacognition would perform better on the recommendation form, which measures initial 

problem solving performance, perform better on the near and far transfer tasks, and on 

the MAI completed the end of the study than students who did not. 

Rationale 

I predicted those who received metacognitive prompts would perform better on all 

dependent measures because these prompts would encourage the students to reflect on 

their problem solving processes and their learning. Research has shown that forcing 

students to reflect on their problem solving processes increased their ability to solve 

complex problems and increased problem solving transfer (Berandi, et al., 1995; Brand, 

Reimer, & Opwis, 2003).  

Research Question 2 

Does prompting of application of these skills, transfer prompting, enhance 

performance on the near and far transfer tasks, and does it help students to develop 

metacognitive skills?  
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Hypothesis 2 

I hypothesized that students who answered reflective questions that prompted 

transfer of metacognitive skills would perform better than those who did not on the near 

and far transfer tasks, and on the MAI completed at the end of the study. 

Rationale 

I expected those who received transfer prompts to perform better than those who 

did not on the transfer tasks and the MAI completed at the end of the study because 

literature on transfer suggests that it does not usually occur spontaneously. Students must 

realize how skills learned in one situation can be applied to a novel situation, and must 

also see the similarities of the two situations, which is what the transfer prompts were 

designed to promote. They promoted forward-reaching transfer by encouraging students 

to reflect on times in the future when problem solving skills and strategies would be 

useful to them (Salomon & Perkins, 1989), which would make them more likely to use 

these strategies in the future.  

Research Question 3 

What are the effects of collaborative learning on students’ problem solving 

performance on the task at hand, on the near and far transfer tasks, and on the 

development of metacognitive skills?  

Hypothesis 3 

 I hypothesized that students who worked collaboratively in pairs throughout Alien 

Rescue would score better on the recommendation form, which measured initial problem 

solving performance, score better on the near and far transfer tasks, and score better on 
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the MAI completed at the end of the study than students who worked individually through 

Alien Rescue. 

Rationale 

I predicted that those who worked collaboratively would perform better than those 

who worked individually on all dependent measures because research on collaborative 

learning suggests that working in groups can stimulate metacognitive processes (Brown 

& Palincsar, 1989; Manion & Alexander, 1997), which leads to better problem solving 

(Davidson & Sternberg, 1998; Dewey 1933; Hmelo & Ferrari, 1997) and better 

individual problem solving performance on similar transfer tasks (Heller, Keith, & 

Anderson, 1997). In the group setting students have opportunities to verbalize their 

thoughts, get feedback from others, and hear other perspectives, which helps students to 

monitor their comprehension. This allows students practice in applying metacognitive 

strategies and observing others’ use of strategies, which can lead to transfer of these skills 

to new situations (Dansereau, 1997).  

Research Question 4 

Are there interaction effects between type of prompting and collaborative learning 

on problem solving performance on the task at hand as well as on near and far transfer 

tasks and the development of metacognitive skills? 

Hypothesis 4a 

 I predicted there would be an interaction effect of reflective prompting and 

collaborative learning on initial problem solving performance, measured by score on the 

recommendation form. The differences for the prompts would vary across collaborative 
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learning condition. The order would generally be the same, with those who worked 

collaboratively always performing better than those who worked individually. However, 

the differences between those who worked collaboratively and those who worked 

individually would be largest for the students who did not receive metacognitive prompts 

(No Prompts and Transfer Prompts Conditions). View a graphic representation of the 

predicted interaction effect of reflective prompting and collaborative learning on initial 

problem solving performance in Figure 2. 

 

Figure 2. Predicted Interaction Effect of Reflective Prompting and Collaborative 

Learning on Initial Problem Solving Performance 

 

Rationale 

 I predicted that those who worked collaboratively would perform better than those 

who worked individually across prompt conditions on the recommendation form because 

research on collaborative learning suggests that working in groups can stimulate 

metacognitive processes (Brown & Palincsar, 1989, Manion & Alexander, 1997), which 

leads to better problem solving (Davidson & Sternberg, 1998; Dewey 1933; Hmelo & 
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Ferrari, 1997). I expected collaborative learning to have a bigger effect on students in the 

No Prompts Conditions and the Transfer Prompts Conditions because these students were 

not given the reflection prompts that encouraged them to think about the problem solving 

process. If these students engaged in reflective activities it was likely due to the 

collaborative setting, not because they were prompted to do so. I predicted this would 

lead to significant differences on recommendation form scores between those who 

worked collaboratively and those who worked individually in the No Prompts Conditions 

and the Transfer Prompts Conditions. However, those in the Metacognitive Prompts 

Conditions and the Both Prompts Conditions were prompted to engage in the type of 

reflective, metacognitive thinking that is normally stimulated by collaborative learning. I 

predicted this prompting would cause the students to engage in the type of metacognitive 

behaviors that collaborative learning stimulates, leading to better problem solving. I 

predicted this would lead to similar recommendation form scores for those who worked 

collaboratively and those who worked individually in the Metacognitive Prompts 

Conditions and the Both Prompts Conditions.  

Hypothesis 4b 

 I predicted there would be an interaction effect of reflective prompting and 

collaborative learning on transfer, measured by scores on the near and far transfer tasks, 

and on the development of metacognitive skills, measured by the score on the MAI 

completed at the end of the study. I predicted the trend would be the same for each 

dependent measure, with those that worked collaboratively always performing better than 

those who worked individually. However, the differences between those who worked 
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collaboratively and those who worked individually would be largest for the students that 

did not receive any prompts (No Prompts Conditions). View a graphic representation of 

the predicted interaction effect of reflective prompting and collaborative learning on 

transfer tasks and MAI performance in Figure 3. 

 

Figure 3. Predicted Interaction Effect of Reflective Prompting and Collaborative 

Learning on Transfer Tasks Performance and Metacognitive Development 

 

Rationale 

I predicted that those who worked collaboratively would perform better than those 

who worked individually across prompt conditions on the near transfer task because 

research on collaborative learning suggests that working in groups can lead to better 

individual problem solving performance on similar transfer tasks (Heller, Keith, & 

Anderson, 1997). I also predicted that those who worked collaboratively would perform 

better than those who worked individually across prompt conditions on the far transfer 

task and on the MAI taken at the end of the study because collaborative learning promotes 

metacognition (Brown & Palincsar, 1989; Manion & Alexander, 1997). In the group 
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setting students have opportunities to verbalize their thoughts, get feedback from others, 

and hear other perspectives, which helps students to monitor their comprehension. This 

allows students practice in applying metacognitive strategies and observing others’ use of 

strategies, which can lead to transfer of these skills (Dansereau, 1997). I predicted that 

having the experience of engaging in this type of metacognitive activity in a collaborative 

setting would make students more likely to engage in this type of behavior in future 

situations, which would be reflected in the scores on the far transfer task and the MAI 

taken at the end of the study.  

I expected collaborative learning to have the biggest effect on students in the No 

Prompts Conditions because these students were not given any prompts to reflect on the 

problem solving process, their learning, or future learning. These students hopefully 

would engage in reflective activities because of the collaborative setting, but not because 

they were prompted to do so. I predicted this would lead to significant differences of 

scores on the near transfer task, the far transfer task, and the MAI completed at the end of 

the study between those who worked collaboratively and those who worked individually 

in the No Prompts Conditions. These effects would decrease as students were prompted 

to reflect on the problem solving process and the application of these skills to new 

situations. For this reason, I predicted that those who worked individually in the 

Metacognitive Prompts Conditions, the Transfer Prompts Conditions, and the Both 

Prompts Conditions would have similar scores to those who worked collaboratively on 

the near transfer task, the far transfer task, and the MAI taken at the end of the study. 
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I expected scores on all dependent measures to increase due to prompt condition; 

students in the Both Prompts Conditions would perform best, followed by those in the 

Transfer Prompts Conditions, then those in the Metacognitive Prompts Conditions, and 

those in the No Prompts Condition would perform the worst. However, I expected the 

biggest difference in scores to be between the No Prompts Conditions and the 

Metacognitive Prompts Conditions, while the scores in the Metacognitive Prompts 

Conditions, the Transfer Prompts Conditions, and the Both Prompts Conditions would be 

much more similar. I expected students not receiving any prompts would perform the 

worst on all three dependent measures because they would not engage in as much 

reflective, metacognitive activity as those that were prompted to do so, and research 

suggests that the reflection process is essential for sufficient transfer of strategies (Hmelo 

and Ferrari, 1997). I predicted those who received transfer prompts would perform 

slightly better than those who only received metacognitive prompts because the transfer 

prompts encouraged students to think about the problem solving process AND how this 

process can be applied to new situations. Finally, I predicted those who received both 

transfer and metacognitive prompts would perform the best on all three dependent 

measures because they would have the most opportunities to engage in reflective 

thinking, which would increase the likelihood that they would engage in these same 

activities in future situations. 
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Chapter 4 

Results 

Introduction 

To answer the main research questions of this study, an analysis of covariance 

(ANCOVA) was conducted to test the effects of collaborative learning and the level of 

reflective prompting on each of the dependent variables: problem solving performance 

measured by the recommendation form, performance on the near transfer task, 

performance on the far transfer task, and development of metacognitive skills measured 

by score on the Metacognitive Awareness Inventory, MAI, at the end of the study. Score 

on the MAI obtained at the beginning of the study was used as a covariate in all analyses.  

I chose to use a covariate in this study to control for any metacognitive skills 

students may already possess. Students who are already aware of and skilled at using 

metacognitive strategies will, in general, be better problem solvers. This could lead to 

better scores on the recommendation form, the near transfer task, and the far transfer task 

regardless of treatment condition.  Using the score on the MAI as a covariate ensures that 

any differences in the groups on all dependent measure scores will not be due to initial 

differences in metacognitive skills.  

Preliminary Analyses 

EDP 310 students 

Some of the participants (n = 35) in this study were currently enrolled in or had 

previously taken an Educational Psychology class, EDP 310, which specifically teaches 

learning strategies and metacognitive skills. It was hypothesized that these students 
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would perform better on the near and far transfer tasks and the MAI because of this 

strategy instruction. If this were true, these participants would have been dropped from 

the sample. However, results of ANOVAs revealed there was no main effect of taking 

this specific course on any of the dependent variables, so these 35 participants were 

included in all analyses.   

Metacognitive Awareness Inventory, MAI 

Participants completed the MAI at the beginning of the study, and then again at 

the end of the study. Scores on the Knowledge of Cognition Scale and the Regulation of 

Cognition Scale were highly correlated at Time 1 (r = .72, p < .01). Scores on the two 

scales were also correlated at Time 2 (r = .68, p < .01). Additionally, total MAI scores at 

Time 1 were correlated with total MAI scores at Time 2 (r = .142, p < .05). However, the 

scores on the two individual scales were not correlated across time. Knowledge of 

Cognition Scale scores at Time 1 were not correlated with Knowledge of Cognition Scale 

scores at Time 2 (r = .113, p = .051), and Regulation of Cognition Scale scores at Time 1 

were not correlated with Regulation of Cognition Scale Scores at Time 2 (r = .076, p = 

.191). Partial correlations, controlling for collaborative learning and prompting 

conditions, were also conducted and yielded similar results, r = .110, p = .059 

(Knowledge of Cognition Scale), and r = .072, p =  .216 (Regulation of Cognition Scale). 

Main Research Questions 

Research Question 1 

Students were divided into four prompt conditions: no prompts, metacognitive 

prompts only, transfer prompts only, and both prompts, to answer Research Question 1: 
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Does prompting of metacognitive thinking enhance performance on the problem solving 

task at hand as well as on near and far transfer tasks, and does it help students to develop 

metacognitive skills?  

Problem Solving Task 

The recommendation form was used to assess students’ problem-solving 

performance on the given task. Scores on the recommendation form ranged from 1 

(students did not list a correct location for the species) to 13 (students listed a correct 

location, provided 6 or more correct reasons for choosing that location, as well as 

provided limitations of that location). An ANCOVA, with space science prior knowledge, 

the Knowledge of Cognition Scale of the MAI, and the Regulation of Cognition Scale of 

the MAI as covariates, was conducted. I chose to use space science prior knowledge as a 

covariate in the recommendation form analysis because students who already possess 

knowledge about the moons and planets of our solar system will have an advantage over 

students without this prior knowledge when solving the problem presented in Alien 

Rescue. 

The data met all assumptions required for this type of analysis; each covariate met 

the assumption of homogeneity of slopes as tested by SPSS. However, only prior space 

science knowledge accounted for a significant amount of the variance explained, F = 

9.755, p = .002, approximately 3.3%. 

Results revealed no significant main effect of prompt level on the 

recommendation form, F (3, 287) = .545, p = .652. Since the transfer prompts were not 

given until after the students filled out the recommendation form, prompt level was 
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collapsed into two categories: metacognitive prompts (both prompts and metacognitive 

prompts) and no metacognitive prompts (no prompts and transfer prompts). However, the 

results of this 2 x 2 ANCOVA also revealed no significant main effect of metacognitive 

prompts on the recommendation form, F (1, 291) = 1.271, p = .261. See recommendation 

form mean scores in Table 1. 

Table 1 

Metacognitive Prompting: Recommendation Form Mean Scores 

 

    N  Mean  Std. Dev.    

 

Metacognitive Prompts  150  5.91  3.966 

No Prompts   148  5.50  4.239 

 

In order to further explore the data, the recommendation form scores were broken 

into thirds: bottom third (scores of 1 to 4), middle third (scores of 5 to 9), and top third 

(scores of 10 to 13). A chi-square analysis was conducted to determine if the proportion 

of individuals who fall into the three categories were equal to the proportion expected by 

chance. Results indicate that the sample proportions were not significantly different from 

the expected values, "2 (2, N = 298) = 1.249, p = .536. Expected and observed 

frequencies are listed in Table 2. 
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Table 2 

Chi-Square Analysis: Recommendation Form Scores and Metacognitive Prompting 

Observed and Expected Frequencies 

 

Scores               No Metacognitive Prompts    Metacognitive Prompts    

 

Bottom Third    Observed   63   56 

(scores from 1 to 4)  Expected   59.1   59.9 

 

Middle Third    Observed   55   65 

(scores from 5 to 9)  Expected   59.6   60.4 

 

Top Third    Observed   30   29 

(scores from 10 to 13)  Expected   29.3   29.7 
 

Total       148   150 

 

As I conducted these analyses, I noticed that 104 students received the lowest 

possible score on the recommendation form, a 1. This means that they did not choose one 

of the three recommended worlds for the alien species, and since the world chosen was 

not listed as a “good” choice, the rationale provided for that choice was not scored. Since 

this number was so large, approximately 1/3 of the sample, these 104 recommendation 

forms were re-evaluated to take into account the students’ rationales for making these 

choices. Specifically, did students recognize good things about these worlds and also list 

any limitations of the chosen world? The responses were re-scored on a scale of 1 to 10. 

(See scoring rubric in Appendix M.) I decided to conduct some exploratory analyses on 

these new scores. Results of an ANCOVA revealed there was no significant main effect 

of prompt level on these adjusted 104 recommendation form scores, F (1, 97) = .012, p = 

.913.  
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All recommendation form scores were then re-coded to account for these new 

scores. The original scores, ranging from 1 to 13, were converted to new scores ranging 

from 0 to 22. (See adjusted scoring rubric in Appendix N.) Results of an ANCOVA 

revealed that there was no significant main effect of prompt level on the re-coded 

recommendation from scores, F (1, 291) = 2.411, p = .122.  

The re-coded recommendation form scores were also broken into thirds: bottom 

third (scores of 0 to 7), middle third (scores of 8 to 14), and top third (scores of 15 to 22). 

A chi-square analysis was conducted. Results indicate that the sample proportions are not 

significantly different from the expected values, "2 (2, N = 298) = 3.184, p = .204. 

Expected and observed frequencies are listed in Table 3. 

Table 3 

Chi-Square Analyses: Re-coded Recommendation Form Scores and Metacognitive 

Prompting Observed and Expected Frequencies 

 

Scores               No Metacognitive Prompts    Metacognitive Prompts    

 

Bottom Third    Observed   57   45 

(scores from 0 to 7)  Expected   50.7   51.3 

 

Middle Third    Observed   13   20 

(scores from 8 to 14)  Expected   16.4   16.6 

 

Top Third    Observed   78   85 

(scores from 15 to 22)  Expected   81   82 

 

Total       148   150 
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Transfer Tasks and MAI 

 The results of the analyses conducted to determine the effects of metacognitive 

prompting on the transfer tasks and the MAI completed at the end of the study will be 

discussed in the following section. The same analyses were conducted to answer 

Research Question 1 and Research Question 2. 

Research Question 2 

Students were divided into four prompt conditions: no prompts, metacognitive 

prompts only, transfer prompts only, and both prompts, to answer Research Question 2: 

Does prompting of the application of metacognitive skills enhance performance on near 

and far transfer tasks, and does it help students to develop metacognitive skills?  

Near Transfer Task 

In the near transfer task students solved a problem similar to the one presented in 

Alien Rescue. Scores on the near transfer task ranged from 1 (students listed one correct 

reason for selecting their home choice) to 12 (students listed 6 or more correct reasons for 

selecting their home choice and provided limitations of that choice). An ANCOVA, with 

scores on the Knowledge of Cognition Scale of the MAI and scores on the Regulation of 

Cognition Scale of the MAI as covariates, was conducted to determine if there was a main 

effect of prompt level. The data met all assumptions required for this type of analysis; 

each covariate met the assumption of homogeneity of slopes as tested by SPSS. However, 

neither of the covariates accounted for a significant amount of the variance explained. 

Results revealed there was no significant main effect of prompt level on the near 

transfer task, F (3, 287) = .526, p = .664. I decided to conduct another ANCOVA and 



 

 57 

include recommendation form scores as an independent variable in the analysis. Since the 

near transfer task was a similar problem solving task, it occurred to me that how well 

students performed on the original problem-solving task could affect how well they do on 

a second problem-solving task. Results revealed there was a main effect of original 

recommendation form score on the near transfer task score, F (12, 214) = 16.096, p < .05, 

but still no main effect of prompt level, F = (3, 214) = .316, p = .814.  On average, 

students with higher scores on the original problem-solving task scored higher on the 

near transfer task. See mean transfer task scores in Table 4. 

Table 4 

Reflective Prompting: Near Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

No Prompts   70  6.33  2.685 

Metacognitive Prompts  78  5.96  3.131 

Transfer Prompts  77  6.48  2.831 

Both Prompts   72  6.53  3.058 

  

Far Transfer Task 

 In the far transfer task, students were asked to determine what went wrong in a 

particular academic situation and to offer suggestions for avoiding the problem in the 

future. Scores on the far transfer task ranged from 1 (students listed no correct reasons for 

the problem and no correct suggestions for improvement) to 18 (students listed 4 correct 

reasons for the problem and 6 or more correct suggestions for improvement). An 
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ANCOVA, with score on the Knowledge of Cognition Scale of the MAI and score on the 

Regulation of Cognition Scale of the MAI as covariates, was conducted to determine if 

there was a main effect of prompt level. The data met all assumptions required for this 

type of analysis; each covariate met the assumption of homogeneity of slopes as tested by 

SPSS. However, only the score on the Knowledge of Cognition Scale accounted for a 

significant amount of variance explained, F (1, 286) = 7.551, p < .01, approximately 

2.5%. 

 Results revealed there was no significant main effect of prompt level on the far 

transfer task, F (3, 286) = .626, p = .599. Additionally, another ANCOVA including 

original scores on the recommendation from as an independent variable revealed there 

was no significant main effect of prompt level, F (3, 213) = .584, p = .626, or 

recommendation form scores, F (12, 213) = .839, p = .610, on the far transfer task scores. 

See mean far transfer task scores in Table 5. 

Table 5 

Reflective Prompting: Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

No Prompts   71  6.46  2.990 

Metacognitive Prompts  78  6.51  2.935 

Transfer Prompts  77  6.12  2.861 

Both Prompts   70  6.54  3.698 

 

To further explore the data, the score on the far transfer task was broken into its 

two components: identification of the problem and possible solutions to the problem. 
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Students were given two separate scores, one for each component. Score on Part 1: 

identification of the problem was equal to the number of valid reasons participants listed 

as the cause of the problem, and score on Part 2: solutions to the problem was equal to 

the number of valid suggestions they listed to solve the problem. Results of ANCOVAs 

revealed no significant main effect of prompt level for either part of the far transfer task, 

F (3, 286) = .680, p = .565 (Part 1: identification of the problem), and F (3, 286) = .237, p 

= .870 (Part 2: solutions to the problem). See mean scores on Part 1 of the far transfer 

task in Table 6 and mean scores of Part 2 of the far transfer task in Table 7. 

Table 6 

Reflective Prompting: Part 1 Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

No Prompts   71  1.55  .733 

Metacognitive Prompts  78  1.55  .677 

Transfer Prompts  77  1.45  .735 

Both Prompts   70  1.57  .894 
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Table 7 

Reflective Prompting: Part 2 Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

No Prompts   71  2.89  1.166 

Metacognitive Prompts  78  2.95  1.226 

Transfer Prompts  77  2.84  1.215 

Both Prompts   70  2.77  1.395 

 

Metacognitive Awareness Inventory, MAI 

At the end of the study, students completed the MAI, which measured their 

metacognitive awareness, for a second time. Each item was scored on a 5-point Likert 

scale. Scores on the Knowledge of Cognition Scale ranged from 1 to 85, and scores on 

the Regulation of Cognition Scale ranged from 1 to 175. An ANCOVA, with score on the 

Knowledge of Cognition Scale of the MAI and score on the Regulation of Cognition 

Scale of the MAI from time 1 as covariates, was conducted for total MAI scores and 

scores on each of the two scales of the MAI to determine if there was a main effect of 

prompt level. The data met all assumptions required for this type of analysis; each 

covariate met the assumption of homogeneity of slopes as tested by SPSS.  

 Results of an ANCOVA revealed there was no significant main effect of prompt 

level on total MAI scores, F (3, 288) = 1.038, p = .376. Neither of the covariates 

accounted for a significant amount of the variance explained, F (1, 288) = 2.311, p = .130 
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(Knowledge of Cognition Scale) and F (1, 288) = .502, p = .479 (Regulation of Cognition 

Scale). See total MAI mean scores in Table 8.  

Table 8 

Reflective Prompting: Total MAI Mean Scores 

 

    N  Mean  Std. Dev.    

 

No Prompts   71  200.79  25.003 

Metacognitive Prompts  78  201.64  21.138 

Transfer Prompts  77  201.31  23.641 

Both Prompts   72  205.81  20.699 

 

Results of a separate ANCOVA conducted on just the Knowledge of Cognition 

Scale of the MAI also revealed no significant main effect of prompt level, F (3, 288) = 

.376, p = .770. The covariate, Knowledge of Cognition Scale scores at Time 1, accounted 

for a significant amount of the variance explained, F (1, 288) = 3.140, p < .01, 

approximately 1%, but Regulation of Cognition Scale scores at Time did not.  See 

Knowledge of Cognition Scale mean scores in Table 9. 



 

 62 

Table 9 

Reflective Prompting: Knowledge of Cognition Scale of the MAI Mean Scores  

 

    N  Mean  Std. Dev.    

 

No Prompts   71  68.94  9.216 

Metacognitive Prompts  78  69.12  6.757 

Transfer Prompts  77  68.16  6.759 

Both Prompts   73  68.50  7.203 

 

Results also revealed there was no significant main effect of prompt level on the 

Regulation of Cognition Scale of the MAI, F (3, 288) = .433, p = .730. Neither of the 

covariates accounted for a significant amount of the variance explained, F (1, 288) = 

1.463, p = .227 (Knowledge of Cognition Scale) and F (1, 288) = .016, p = .898 

(Regulation of Cognition Scale). See Regulation of Cognition Scale mean scores in Table 

10. 

Table 10 

Reflective Prompting: Regulation of Cognition Scale of the MAI Mean Scores  

 

    N  Mean  Std. Dev.    

 

No Prompts   71  135.21  17.885 

Metacognitive Prompts  78  134.51  16.074 

Transfer Prompts  77  132.51  16.809 

Both Prompts   72  133.79  14.957 
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Research Question 3 

Students were assigned to a collaborative learning condition where they either 

worked individually or collaboratively with a partner who was randomly assigned to 

work with them through Alien Rescue, to answer Research Question 3: What are the 

effects of collaborative learning on students’ problem solving performance on the task at 

hand, on the near and far transfer tasks, and on the development of metacognitive skills?  

Problem Solving Task 

Results of an ANCOVA with space science prior knowledge, the Knowledge of 

Cognition Scale of the MAI, and the Regulation of Cognition Scale of the MAI as 

covariates, revealed no significant main effect for collaborative learning on the 

recommendation form, F (1, 287) = .506, p = .477. However, those who worked 

collaboratively had higher mean scores than those who did not. See recommendation 

form mean scores in Table 11. 

Table 11 

Collaborative Learning: Recommendation Form Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  5.94  4.022 

Individual Work  149  5.48  4.181 

 

In order to further explore the data, a chi-square analysis was conducted to 

determine if the proportion of individuals who scored in the top third, middle third, and 

bottom third were equal to the proportions expected by chance. Results did not indicate a 
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significant difference, "2 (2, N = 298) = 3.541, p = .170. Expected and observed 

frequencies are listed in Table 12. 

Table 12 

Chi-Square Analysis: Recommendation Form Scores and Collaborative Learning 

Observed and Expected Frequencies 

 

Scores                      Collaborative Learning    Individual Learning    

 

Bottom Third    Observed   52   67 

(scores from 1 to 4)  Expected   59.5   59.5 

 

Middle Third    Observed   67   53 

(scores from 5 to 9)  Expected   60   60 

 

Top Third    Observed   30   29 

(scores from 10 to 13)  Expected  29.5   29.5 

 

Total       149   149 

 

Additional analyses were conducted on the re-scored recommendation form 

scores from the 104 students who originally scored a 1. The results of an ANCOVA 

revealed there was a significant main effect of collaborative learning on these 104 

adjusted recommendation form scores, F (1, 97) = 8.463, p < .01. However, when an 

ANCOVA was conducted with the entire sample of re-coded recommendation form 

scores (re-coded with a score range of 0 to 22, rather than 1 to 13), no significant main 

effect of collaborative learning was found, F (1, 291) = 1.954, p = .163. Mean scores of 

the 104 re-coded recommendation forms are reported in Table 13, and mean scores of all 

the re-coded recommendation forms are in Table 14. 
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Table 13 

Collaborative Learning: 104 Re-coded Recommendation Form Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  47  3.13  2.392 

Individual Work  57  1.96  1.772 

 

Table 14 

Collaborative Learning: All Re-coded Recommendation Form Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  12.77  7.056 

Individual Work  149  11.40  7.857 

 

The re-coded recommendation form scores were also broken into thirds: bottom 

third (scores of 0 to 7), middle third (scores of 8 to 14), and top third (scores of 15 to 22). 

A chi-square analysis was conducted to determine if the proportion of individuals who 

scored in the top third, middle third, and bottom third were equal to the proportions 

expected by chance. Results did not indicate a significant difference, "2 (2, N = 298) = 

2.181, p = .336. Observed and expected frequencies are listed in Table 15.  
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Table 15 

Chi-Square Analysis: Re-coded Recommendation Form Scores and Collaborative 

Learning Observed and Expected Frequencies 

 

Scores                      Collaborative Learning    Individual Learning    

 

Bottom Third    Observed   45   57 

(scores from 0 to 7)  Expected   51   51 

 

Middle Third    Observed   18   15 

(scores from 8 to 14)  Expected   16.5   16.5 

 

Top Third    Observed   86   77 

(scores from 15 to 22)  Expected   81.5   81.5 
 

Total       149   149 

 

 

Near Transfer Task 

 An ANCOVA, with score on the Knowledge of Cognition Scale of the MAI and 

score on the Regulation of Cognition Scale of the MAI as covariates, was conducted to 

determine if there was a main effect of collaborative learning. Results revealed there was 

no significant main effect of collaborative learning on the near transfer task, F (3, 287) = 

1.610, p = .664. See the near transfer task scores in Table 16. 

Table 16 

Collaborative Learning: Near Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  6.52  2.928 

Individual Work  148  6.11  2.927 
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Results of another ANCOVA including recommendation form scores as an 

independent variable revealed there was a main effect of original recommendation form 

score on the near transfer task score, F (12, 214) = 16.096, p < .05, but still no main effect 

of collaborative learning, F = (1, 214) = .340, p = .560.   

Far Transfer Task 

An ANCOVA, with score on the Knowledge of Cognition Scale of the MAI and 

score on the Regulation of Cognition Scale of the MAI as covariates, was conducted to 

determine if there was a main effect of collaborative learning on far transfer task scores. 

Results revealed there was no significant main effect of collaborative learning on the far 

transfer task, F (1, 286) = 1.770, p = .184. However, results of another ANCOVA 

including original scores on the recommendation form as an independent variable 

revealed there was a significant main effect of collaborative learning on far transfer task 

scores, F (1, 213) = 5.154, p < .05, but no main effect of recommendation form scores, F 

(12, 213) = .839, p = .610. On average, those who worked individually through Alien 

Rescue scored higher on the far transfer task.  Mean far transfer task scores are listed in 

Table 17. 

Table 17 

Collaborative Learning: Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  148  6.14  3.109 

Individual Work  148  6.68  3.109 
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Once the far transfer task scores were broken into its two components, results of 

ANCOVAs revealed no significant main effect of collaborative learning for either 

component of the far transfer task, F (1, 286) = 2.140, p = .145 (Part 1: identification of 

the problem), and F (1, 286) = .030, p = .863 (Part 2: solutions to the problem). When 

recommendation form scores were included as an independent variable in the 

ANCOVAs, there was a significant main effect of collaborative learning on Part 1 of the 

far transfer task, F (1, 213) = 6.238, p = < .05, but no significant main effect on Part 2 of 

the far transfer task, F (1, 213) = .023, p = .881. There was no significant main effect of 

recommendation form scores in either analyses, F (12, 213) = .879, p = .569 (Part 1: 

identification of the problem), and F (12, 213) = .516, p = .903 (Part 2: solutions to the 

problem). See Part 1 mean scores in Table 18 and Part 2 mean scores in Table 19. 

Table 18 

Collaborative Learning: Part 1 Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  148  1.46  .759 

Individual Work  148  1.60  .754 

 

Table 19 

Collaborative Learning: Part 2 Far Transfer Task Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  148  2.84  1.339 

Individual Work  148  2.89  1.152 
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Metacognitive Awareness Inventory, MAI 

An ANCOVA, with score on the Knowledge of Cognition Scale of the MAI and 

score on the Regulation of Cognition Scale of the MAI from time 1 as covariates, was 

conducted to determine if there was a main effect of collaborative learning on total MAI 

scores and scores on each of the two scales of the MAI. Results of an ANCOVA revealed 

there was no significant main effect of collaborative learning on total MAI scores, F (1, 

288) = .332, p = .565. See total MAI scores in Table 20. 

Table 20 

Collaborative Learning: Total MAI Mean Scores at Time 2 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  202.78  24.538 

Individual Work  149  201.94  20.640 

 

Results of separate ANCOVAs conducted on each scale of the MAI also revealed 

no significant main effect of collaborative learning on scale score, F (1, 288) = .453, p = 

.502 (Knowledge of Cognition Scale) and F (1, 288) = .642, p = .424 (Regulation of 

Cognition Scale). See Knowledge of Cognition Scale mean scores in Table 21 and 

Regulation of Cognition Scale mean scores in Table 22. 
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Table 21 

Collaborative Learning: Knowledge of Cognition Scale of MAI Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  68.31  7.707 

Individual Work  149  69.05  7.274 

 

Table 22 

Collaborative Learning: Regulation of Cognition Scale of MAI Mean Scores 

 

    N  Mean  Std. Dev.    

 

Collaborative Work  149  133.08  17.639 

Individual Work  149  134.89  15.079 

 

Research Question 4 

An ANCOVA was conducted on each of the four dependent variables to answer 

Research Question 4: Are there interaction effects between type of prompting and 

collaborative learning on problem solving performance on the task at hand as well as on 

near and far transfer tasks and the development of metacognitive skills? 

Problem Solving Task 

 Results revealed no significant interaction effect of reflective prompting and 

collaborative learning on the recommendation form, F (3, 288) =  .984, p = .400. See 

mean scores on the recommendation form scores in Table 23, and Figure 4. 
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Table 23 

Recommendation Form Mean Scores 

 

    Collaborative* N   Individual*  N    

 

No Prompts   5.44 (4.010)  36 5.94 (4.263)  35 

Metacognitive Prompts  6.18 (3.648)  39 5.23 (4.132)  39 

Transfer Prompts  6.03 (4.553)  38 4.64 (4.126)  39 

Both Prompts   6.08 (3.952)  36 6.19 (4.201)  36 

*Mean (Std. Dev) 

 

Figure 4. Interaction Effect of Reflective Prompting and Collaborative Learning on 

Recommendation Form Scores 

 

Additional analyses were conducted on the re-coded recommendation form scores 

from the 104 students who originally scored a 1. The results of an ANCOVA revealed 

there was no significant interaction effect of collaborative learning and metacognitive 



 

 72 

prompting on these 104 adjusted recommendation form scores, F (1, 97) = 1.103, p = 

.618. See mean scores on the 104 re-coded recommendation form scores in Table 24, and 

Figure 5. 

Table 24 

104 Re-coded Recommendation Form Mean Scores 

 

    Collaborative* N   Individual*  N    

 

Metacognitive Prompts  3.25 (1.832)  20 2.03 (1.823)  32 

No Metacognitive Prompts 3.04 (2.766)  27 1.88 (1.740)  25 

*Mean (Std. Dev) 

 

 

Figure 5. Interaction Effect of Reflective Prompting and Collaborative Learning on 104 

Re-coded Recommendation Form Scores 

 

An ANCOVA conducted with the entire sample of adjusted recommendation 

form scores (re-coded with a score range of 0 to 22, rather than 1 to 13) yielded similar 
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results, no significant interaction effect of collaborative learning and metacognitive 

prompting, F (1, 291) = .015, p = .902. See mean scores on all re-coded recommendation 

form scores in Table 25, and Figure 6. 

Table 25 

All Re-coded Recommendation Form Mean Scores 

 

    Collaborative* N   Individual*  N    

 

Metacognitive Prompts  13.33 (6.546)  75 11.99 (7.677)  75 

No Metacognitive Prompts 12.20 (7.540)  74 10.81 (8.044)  74 

 

*Mean (Std. Dev) 

 

 

Figure 6. Interaction Effect of Reflective Prompting and Collaborative Learning on All 

Re-coded Recommendation Form Scores 
 



 

 74 

Near Transfer Task 

 Results revealed no significant interaction effect of reflective prompting and 

collaborative learning on the near transfer task, F (3, 287) = .201, p = .896. See mean 

scores on the near transfer task in Table 26, and Figure 7. 

Table 26 

Near Transfer Task Mean Scores 

 

    Collaborative* N   Individual*  N    

 

No Prompts   6.58 (2.912)  36 6.06 (2.436)  34 

Metacognitive Prompts  6.36 (3.175)  39 5.56 (3.076)  39 

Transfer Prompts  6.53 (2.748)  38 6.44 (2.945)  39 

Both Prompts   6.64 (2.968)  36 6.42 (3.184)  36 

*Mean (Std. Dev) 

 

 
Figure 7. Interaction Effect of Reflective Prompting and Collaborative Learning on Near 

Transfer Task Scores 
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Results of another ANCOVA including recommendation form scores as an 

independent variable revealed no significant interaction effects of collaborative learning 

and prompting, F (3, 287) = .695, p = .556, or original recommendation form scores, 

collaborative learning, and prompting on the near transfer task scores, F (18, 214) = 

1.423, p = .123. 

Far Transfer Task 

Results of an ANCOVA revealed there was no significant interaction effect of 

collaborative learning and prompting on far transfer task scores, F (1, 286) = 1.031, p = 

.379.  See mean scores on the far transfer task in Table 27 and Figure 8. 

Table 27 

Far Transfer Task Mean Scores 

 

    Collaborative* N   Individual*  N    

 

No Prompts   6.53 (3.149)  36 6.40 (2.862)  35 

Metacognitive Prompts  5.90 (2.827)  39 7.13 (2.949)  39 

Transfer Prompts  6.13 (3.006)  38 6.10 (2.751)  39 

Both Prompts   6.00 (3.548)  35 7.09 (3.815)  35 

*Mean (Std. Dev) 
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Figure 8. Interaction Effect of Reflective Prompting and Collaborative Learning on Far 

Transfer Task Scores 
 

Results of another ANCOVA including original scores on the recommendation 

form as an independent variable also revealed there was no significant interaction effect 

of collaborative learning and reflective prompting on far transfer task scores, F (3, 213) = 

1.165, p = .324, but there was a significant interaction effect of recommendation form 

scores and collaborative learning, F (11, 213) = 1.629, p < .01.  On average, those who 

worked individually through Alien Rescue performed better on the far transfer task, but it 

was more pronounced for those who scored lower on the recommendation form. 

However, there was no significant interaction effect of recommendation form scores, 

collaborative learning, and prompting, F (17, 213) = .625, p = .870. See means of far 

transfer task scores based on recommendation form score and collaborative learning 

condition in Table 28 and Figure 9. 
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Table 28 

Far Transfer Task Mean Scores by Recommendation Form Score and Collaborative 

Learning Condition 

 

 

Rec Form Score Collaborative* N   Individual*  N    

 

1   5.94 (3.067)  47 6.59 (2.827)  56 

2    3.0      1 7.00 (2.646)  3 

3   -   0 5.33 (2.517)  3 

4   5.25 (3.500)  4 8.25 (3.096)  4 

5   5.55 (3.142)  11 7.60 (3.209)  5 

6   6.62 (2.873)  13 7.57 (2.820)  7 

7   7.18 (3.737)  22 6.73 (3.195)  15 

8   5.50 (2.737)  6 5.73 (2.724)  11 

9   4.80 (2.210)  15 6.87 (2.748)  15 

10   6.75 (4.573)  4 5.75 (2.866)  8 

11   6.55 (3.110)  11 5.75 (5.230)  8 

12   3.80 (0.447)  5 8.00 (5.657)  4 

13   8.56 (2.128)  9 7.44 (3.644)  9 

 

*Mean (Std. Dev) 

 
 

Figure 9: Interaction Effect of Recommendation Form Score and Collaborative Learning 

on Far Transfer Task Mean Scores 
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Once the far transfer task scores were broken into its two components, results of 

ANCOVAs revealed no significant interaction effect of collaborative learning and 

prompting for either component of the far transfer task, F (3, 286) = .664, p = .575 (Part 

1: identification of the problem), and F (3, 286) = 1.398, p = .244 (Part 2: solutions to the 

problem). Similarly, when recommendation form scores were included as an independent 

variable in the ANCOVAs, there was no significant interaction effect of collaborative 

learning and prompting on Part 1 of the far transfer task, F (3, 213) = 1.118, p = .343, and 

no significant interaction effect on Part 2 of the far transfer task, F (3, 213) = .880, p = 

.452. There was also no significant interaction effect of recommendation form scores, 

collaborative learning, and prompting, F (17, 213) = .1.393, p = .142. See mean scores on 

Part 1 of the far transfer task in Table 29 and Figure 10 and Part 2 of the far transfer task 

in Table 30 and Figure 11. 

Table 29 

Part 1 Far Transfer Task Mean Scores 

 

 Collaborative* N   Individual*  N    

 

No Prompts   1.53 (.774)  36 1.57 (.698)  35 

Metacognitive Prompts  1.44 (.641)  39 1.67 (.701)  39 

Transfer Prompts  1.45 (.760)  38 1.46 (.720)  39 

Both Prompts   1.43 (.884)  35 1.71 (.893)  35 

*Mean (Std. Dev) 
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Figure 10. Interaction Effect of Reflective Prompting and Collaborative Learning on Part 

1 Far Transfer Task Mean Scores 

 

Table 30 

Part 2 Far Transfer Task Mean Scores 

 

 Collaborative* N   Individual*  N    

 

No Prompts   3.08 (1.317)  36 2.69 (.963)  35 

Metacognitive Prompts  2.72 (1.255)  39 3.18 (1.167)  39 

Transfer Prompts  2.84 (1.443)  38 2.85 (.961)  39 

Both Prompts   2.74 (1.358)  35 2.80 (1.451)  35 

*Mean (Std. Dev) 
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Figure 11: Interaction Effect of Reflective Prompting and Collaborative Learning on Part 

2 Far Transfer Task Mean Scores 

 

Metacognitive Awareness Inventory, MAI 

Results of an ANCOVA revealed there was no significant interaction effect of 

collaborative learning and prompting on total MAI scores, F (3, 288) = .432, p = .730. See 

mean MAI scores in Table 31 and Figure 12. 

Table 31 

Total MAI Mean Scores 

 Collaborative* N   Individual*  N    

 

No Prompts   203.75 (29.381) 36 197.74 (19.484) 35 

Metacognitive Prompts  200.72 (22.331) 39 202.56 (20.124) 39 

Transfer Prompts  200.39 (24.511) 38 202.21 (23.047) 39 

Both Prompts   206.56 (21.906) 36 205.06 (19.702) 36 

*Mean (Std. Dev) 
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Figure 12. Interaction Effect of Reflective Prompting and Collaborative Learning on 

Total MAI Mean Scores 

 

 

Results of separate ANCOVAs conducted on each scale of the MAI also revealed 

no significant interaction effects of collaborative learning and reflective prompting on 

scale scores, F (3, 288) = .861, p = .462 (Knowledge of Cognition Scale) and F (3, 288) = 

.155, p = .926 (Regulation of Cognition Scale).  See mean scores of the Knowledge of 

Cognition Scale of the MAI in Table 32 and Figure 13 and mean scores of the Regulation 

of Cognition Scale of the MAI in Table 33 and Figure 14. 
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Table 32 

Knowledge of Cognition Scale of MAI Mean Scores 

 Collaborative* N   Individual*  N    

 

No Prompts   68.50 (10.530)  36 69.40 (7.766)  35 

Metacognitive Prompts  67.92 (6.607)  39 70.31 (6.779)  39 

Transfer Prompts  67.55 (6.546)  38 68.74 (6.995)  39 

Both Prompts   69.33 (6.757)  36 67.67 (7.627)  36 

*Mean (Std. Dev) 

 

 
 

Figure 13: Interaction Effect of Reflective Prompting and Collaborative Learning on the 

Knowledge of Cognition Scale of the MAI Mean Scores 
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Table 33 

Regulation of Cognition Scale of MAI Mean Scores 

 Collaborative* N   Individual*  N    

 

No Prompts   135.25 (21.659) 36 135.17 (13.254) 35 

Metacognitive Prompts  132.72 (16.772) 39 136.31 (15.351) 39 

Transfer Prompts  131.55 (15.610) 38 133.44 (18.057) 39 

Both Prompts   132.92 (16.614) 36 134.67 (13.275) 36 

*Mean (Std. Dev) 

 

 
 

Figure 14. Interaction Effect of Reflective Prompting and Collaborative Learning on 

Regulation of Cognition Scale of the MAI Mean Scores 
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Chapter 5 

 

Discussion 

 

 In this study I attempted to facilitate the development and transfer of problem 

solving and metacognitive skills in college students through the use of reflective 

prompting and collaborative learning as participants work through a hypermedia 

problem-based learning challenge. I predicted that students who received reflective 

prompting and students who worked collaboratively through the problem solving 

challenge would perform better on the given problem-solving task, perform better on near 

and far transfer tasks, and perform better on an inventory measuring their metacognitive 

awareness, the MAI, taken at the end of the study. The study was designed to answer the 

following research questions. 

1. Does prompting of metacognitive thinking enhance performance on the problem 

solving task at hand as well as on near and far transfer tasks, and does it help 

students to develop metacognitive skills? 

2. Does prompting of application of metacognitive skills, transfer prompting, 

enhance performance on the problem solving task at hand as well as on near and 

far transfer tasks, and does it help students to develop metacognitive skills?  

3. What are the effects of collaborative learning on students’ problem solving 

performance on the task at hand, on the near and far transfer tasks, and on the 

development of metacognitive skills?  
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4. Are there interaction effects between type of prompting and collaborative learning 

on problem solving performance on the task at hand as well as on near and far 

transfer tasks and the development of metacognitive skills? 

In this chapter, I will discuss interesting findings regarding the Metacognitive 

Awareness Inventory, MAI, findings for each of the four research questions, limitations of 

this study, and the implications of this study for future research.  

Metacognitive Awareness Inventory, MAI 

Summary Findings 

Participants completed the MAI at the beginning of the study, and then again at 

the end of the study. Total MAI scores were correlated at Time 1 and 2. Scores on the 

Knowledge of Cognition Scale and the Regulation of Cognition Scale were highly 

correlated at Time 1 and were also correlated at Time 2. However, the scores on the two 

scales were not correlated across time. Knowledge of Cognition Scale scores at Time 1 

were not correlated with Knowledge of Cognition Scale scores at Time 2. 

Discussion 

The two scale scores of the MAI were strongly correlated with each other both at 

Time 1 and at Time 2, suggesting that the two components of metacognition, knowledge 

and regulation of cognition, are highly related. This agrees with other researchers’ 

findings (Schraw & Dennison, 1994; Sperling, Howard, Staley, & DuBois, 2004). I also 

expected the total scores at Time 1 and at Time 2 to be correlated, since neither the 

effects of collaborative learning nor prompt level were significant on MAI total scores at 

Time 2. I was surprised to find that the two scale scores were not correlated across time, 
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but that could explain why the scale scores did not account for a significant amount of the 

variance explained in the data when they were used as covariates in the analyses on the 

MAI scores at Time 2.  

Even though the MAI has proven to be valid and reliable in the past, based on 

these findings, I would conclude that scores on the MAI were not the best measure of 

students’ metacognitive awareness for this study. The fact that the individual scale scores 

were not correlated across time suggests that the MAI is not a good measure to use as a 

pre- and post-test to measure metacognitive awareness. Furthermore, scores at Time 1 

rarely accounted for a significant amount of the variance explained in the data when they 

were used as covariates in any of the analyses. In future research, I would use a different 

method of measuring metacognitive skills. 

Research Question 1 

Does prompting of metacognitive thinking enhance performance on the problem 

solving task at hand as well as on near and far transfer tasks, and does it help students to 

develop metacognitive skills? 

Problem Solving Task 

Review of Hypothesis and Findings 

Student’s score on the recommendation form was used to measure problem 

solving on the given task. I hypothesized that students who received metacognitive 

prompts would perform better on the recommendation form than those who did not 

receive metacognitive prompts. Results revealed no significant main effect of 

metacognitive prompting on the recommendation form scores. Further exploratory chi-
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square analyses looking at the proportion of students who scored in the bottom, middle, 

and top third also revealed non-significant results.  

Due to the large number of students (approximately 1/3 of the sample) who 

received the lowest possible score on the recommendation form, scores were recoded. 

This created more variability in the data. However, analyses conducted with these new 

scores also revealed no significant main effect of metacognitive prompting. Additionally, 

chi-square analyses revealed the proportion of students who scored in the bottom, middle, 

and top third was not different from the proportions expected by chance. 

Discussion 

Based on these results, I conclude that the metacognitive prompting did not 

improve problem-solving ability on this particular task. Perhaps the way in which these 

prompts were presented contributed to these results. Students were interrupted as they 

worked and asked to answer the prompting questions. This might have been more of a 

distraction than a help to the students. Students only had approximately 1.5 hours to 

complete this task, and the time spent answering these questions took away from time 

spent working to solve the problem. Additionally, the timing of the prompts might have 

been a problem. Students were interrupted after working for 45 minutes on the problem 

solving task to answer the second set of metacognitive questions.  Although answering 

the questions only took a few minutes, depending on where the students were in the 

program, or where they were in the problem-solving process, this could have been more 

of a distraction to some than others. Perhaps some were at a reasonable stopping point, 
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but others might have been right in the middle of a thought or a task. This could have 

made it more difficult for them to reengage in the task after answering the questions.  

Another contributing factor could have been the students’ responses to the 

prompting questions. The questions were designed to encourage students to reflect upon 

the processes they go through when solving a problem. If the students did not put in the 

time and effort to actually reflect and provide thoughtful answers, they were not getting 

the benefits that the questions were meant to provide. All students answered the 

questions, but their answers were not evaluated. The students could have simply written 

anything that came to mind just to provide an answer so that they could get back to work 

on the problem-solving task. In future research, I will evaluate the responses to such 

questions to determine if quality of response has any effect on problem-solving outcome.   

Although none of the analyses reached statistical significance, based on the 

percentage of students who scored in the bottom, middle, and top thirds and the direction 

of the mean scores, I do feel this is an area worth pursuing in future research. When 

looking at the original recommendation form scores, there were more students in the 

bottom third that did not receive metacognitive prompts (N = 63) than students who did 

receive metacognitive prompts (N = 56). These results reversed in the middle third. There 

were more students in this category that did receive metacognitive prompts (N = 65) than 

those that did not (N = 55). Finally the results were almost identical for the top third, with 

30 students who did receive metacognitive prompts and 29 students who did not receive 

metacognitive prompts. This suggests that the metacognitive prompts may have helped 

students to score in the middle group, rather than the bottom group, but did not seem to 
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have any effect on the top performing students. Although not statistically significant, this 

might suggest that the metacognitive prompts were most helpful for the lower performing 

students. 

There were similar findings when looking at the frequency counts from just the 

students who scored a 1, the lowest possible score, on the recommendation form. More 

students who did not receive metacognitive prompts (N = 59) scored a 1 than students 

who did receive metacognitive prompts (N = 45). Although not statistically significant, 

this might suggest that students who received metacognitive prompts were less likely to 

provide an incorrect home choice for the alien species. Similarly, when looking at the 

recoded recommendation form scores, there were more students in the bottom third that 

did not receive metacognitive prompts (N = 57) than students who did receive 

metacognitive prompts (N = 45). There were more students in the middle third that did 

receive metacognitive prompts (N = 20) than those that did not (N = 13), and there were 

more students in the top third who did receive metacognitive prompts (N = 85) than those 

who did not (N = 78).  Again, this could suggest that the metacognitive prompts may 

have helped the students to score in the top or middle third, rather than in the lowest 

scoring group. However, it is important to consider that the bottom 104 students still 

provided an incorrect solution to the task presented in Alien Rescue. There is some 

suggestion that those who received metacognitive prompts provided better rationales for 

making the incorrect choice, meaning they listed more valid reasons for why the choice 

could have been appropriate and pointed out some limitations of their choice. These 

students simply failed to recognize the limitations of their choice that could have been 
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fatal to the alien species and after all, their task was to find a home where the species 

could survive. 

Although none of the analyses yielded statistically significant results, I would 

continue to conduct research in this area in the future. The trends in the data as well as 

the direction of the mean scores do suggest that metacognitive prompting might help 

students to perform better on problem-solving tasks with some refinements to the 

procedures and the measures.  

Transfer Tasks and MAI 

It was hypothesized that students who received metacognitive prompts while 

working through Alien Rescue would perform better on the near and far transfer tasks and 

the MAI given at the end of the study. The results of Research Question 1 regarding the 

near and far transfer tasks and the MAI will be discussed together in the following section 

with the results of Research Question 2 since the same analyses were conducted to 

answer both questions.  

Research Question 2 

Does prompting of application of metacognitive skills, transfer prompting, 

enhance performance on the near and far transfer tasks, and does it help students to 

develop metacognitive skills?  

Transfer Tasks and MAI 

Review of Hypotheses and Findings 

I hypothesized that students would perform better on the near transfer task, the far 

transfer task, and the MAI completed at the end of the study as the level of prompting 
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increased. Students who received metacognitive prompts would perform better than 

students who did not receive any prompts. Students who received transfer prompts would 

perform better than those who received metacognitive prompts, and those who received 

both prompts would perform the best. However, results revealed there was no significant 

main effect of reflective prompting on the near transfer task scores. There was a main 

effect of original recommendation form score on the near transfer task score.  In general, 

as scores on recommendation form increased, scores on the near transfer task increased.  

There was also no significant main effect of reflective prompting on total scores 

on the far transfer task or scores on either component of the far transfer task 

(identification of the problem and solutions to the problem). Finally, results revealed no 

significant main effect of reflective prompting on total MAI scores or scores on the two 

individual scales of the MAI (Knowledge of Cognition and Regulation of Cognition). 

Discussion 

These results reveal that neither the metacognitive prompts nor the transfer 

prompts helped the students to perform better on the near transfer task, the far transfer 

task, or the MAI taken at the end of the study. As discussed in the previous section, this 

could have been due to the way in which the prompts were presented to the students. The 

metacognitive prompts could have taken time and concentration away from the problem-

solving task at hand. Students could have simply answered the questions as quickly as 

possible so that they could get back to the task presented in Alien Rescue. Similarly, the 

transfer prompts were presented at the end of the 2-hour research session. By this time, 

the students were anxious to leave the computer lab and had already been informed that 
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they could leave as soon as they finished answering the questions. This might have 

caused them to rush. Without actively reflecting on the problem-solving process and 

thoughtfully considering the answers to these questions, students might not have realized 

the importance of this type of thinking in future problem-solving tasks. In future research 

studies, I would examine the quality of the responses to both the metacognitive and 

transfer prompts to determine if quality has any effect on transfer tasks.   

 Another reason that I feel these prompts might not have had the expected effects 

on transfer tasks scores or on the MAI scores is that only presenting the students with 

these prompts once or twice might not have been enough to change their thinking or 

behavior on future tasks. The metacognitive prompts were designed to encourage 

students to reflect on their problem-solving process, and the transfer prompts were 

designed to encourage students to reflect on how these processes can be helpful in future 

situations. Perhaps, students need more than just one or two opportunities to practice this 

type of reflective thinking for it to become something they do naturally in the future. 

Although none of the analyses reached statistical significance, the mean scores on all 

tasks were highest for those who received both metacognitive and transfer prompts. This 

may suggest that encouraging students to engage in reflective thinking multiple times 

could help them to perform better on future tasks where this type of thinking would be 

beneficial.  
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Research Question 3 

What are the effects of collaborative learning on students’ problem solving 

performance on the task at hand, on the near and far transfer tasks, and on the 

development of metacognitive skills?  

Problem Solving Task 

Review of Hypothesis and Findings  

I hypothesized that students who worked collaboratively through Alien Rescue 

would perform better on the recommendation form than those who worked individually. 

Results revealed no significant main effect of collaborative learning on the 

recommendation form scores. Further exploratory chi-square analyses looking at the 

proportion of students who scored in the bottom, middle, and top third also yielded non-

significant results. However, additional analyses conducted on the re-coded 

recommendation form scores from the students who originally scored the lowest possible 

score, a 1, revealed a significant main effect of collaborative learning. When the same 

analysis was conducted on all re-coded recommendation form scores, there was no 

significant main effect of collaborative learning. Additionally, chi-square analyses 

revealed the proportions of students who scored in the bottom, middle, and top third on 

the re-coded recommendation forms were not different from the proportions expected by 

chance. 

Discussion 

 Based on these results, I conclude that working collaboratively did not improve 

students’ problem solving scores on the task presented in Alien Rescue, as I had 
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originally hypothesized. These results could have been due to the lack of instruction that 

students were given for working collaboratively. Students decided themselves the best 

way for them to work together, and I noticed that many groups did things differently. 

Some worked on the same computer, and frequently discussed the problem and how to 

proceed through the program. Others worked together on the same computer, but one 

student seemed to be doing most of the work and making most of the decisions and there 

was little dialogue between the partners. Others divided tasks and worked on two separate 

computers and frequently shared findings with each other. Finally, others worked on 

separate computers, shared very little with each other and ended up turning in different 

answers on their individual recommendation forms. There was nothing put into place in 

the procedures of this study to account for groups where one person might have been 

doing all of the work and decision making. The benefit in working collaboratively is 

suggested to be through the dialogue between the students, where they have opportunities 

to verbalize their thoughts, get feedback from others, and hear others’ perspectives. This 

helps students to monitor their comprehension and practice applying metacognitive 

strategies. If this dialogue is not occurring, then the students are not getting any of these 

benefits that collaborative learning can provide. In future research, group work should be 

video or audio recorded and analyzed qualitatively to determine if quality of group 

interaction has any effect on problem solving outcomes.  

Although there were no significant main effects of collaborative learning on the 

recommendation from scores, I do feel this is an area of research that should continue to 

be explored. When I looked at the percentage of students who scored in the bottom, 
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middle, and top thirds, based on whether they worked collaboratively, I noticed a similar 

trend in the data to the percentages based on if students received metacognitive prompts. 

When looking at the original recommendation form scores, more students in the bottom 

third worked individually (N = 67) than students who worked collaboratively (N = 52). 

These results were reverse in the middle third. There were more students in the middle 

third that worked collaboratively (N = 67) than those that worked individually (N = 53). 

Finally, the results were almost identical for the top third, with 30 students who worked 

collaboratively and 29 students who worked individually. This suggests that working 

collaboratively may have helped students to score in the middle group, rather than the 

bottom group, but does not seem to have any effect on the top performing students.  

I noticed similar findings when looking at the frequency counts from just the 

students who scored a 1 on the recommendation form. More students who worked 

individually (N = 57) scored a 1 than students who worked collaboratively (N = 47). This 

suggests that students who worked collaboratively were less likely to provide an incorrect 

home choice for the alien species. Also, when looking at the recoded recommendation 

form scores, more students in the bottom third worked individually (N = 57) than 

students who worked collaboratively (N = 45). There were more students in the middle 

third that worked collaboratively (N = 18) than those who worked individually (N = 13), 

and there were more students in the top third who worked collaboratively (N = 86) than 

those who worked individually (N = 77).  This suggests that working collaboratively may 

have helped the students to score in the top or middle third, rather than in the lowest 

scoring group. However, again, I think it is important to consider that the bottom 104 
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students still provided an incorrect solution to the task presented in Alien Rescue. There is 

some suggestion that those who worked collaboratively provided better rationales for 

making the incorrect choice, meaning they listed valid reasons for why the choice could 

have been appropriate and pointed out some limitations of their choice.  

Although none of the analyses yielded significant results, in my opinion, the 

frequency data as well as the direction of the mean scores on the recommendation form 

scores merits further research on the effects of collaborative learning on problem-solving 

performance. 

Transfer Tasks and MAI 

Review of Hypotheses and Findings 

 I hypothesized that students who worked collaboratively would perform better on 

the near transfer task, the far transfer task, and the MAI completed at the end of the study 

than students who worked individually. Results revealed no significant main effect of 

collaborative learning on near transfer task scores, total far transfer task scores, scores on 

each part of the far transfer task (identification of the problem and solutions to the 

problem), total MAI scores, and scores on each scale of the MAI (Knowledge of 

Cognition Scale and Regulation of Cognition Scale).  However, when recommendation 

form scores were included in as an independent variable in the analysis, there was a 

significant main effect of collaborative learning on total far transfer task scores and on 

Part 1 of the far transfer task (identification of the problem). 
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Discussion 

Overall, the results of the analyses suggest that working collaboratively through 

Alien Rescue did not help the students to perform better on transfer tasks or to perform 

better on the MAI taken at the end of the study. As discussed in the previous section, it is 

possible that many of the students did not experience the benefits that can be contributed 

to collaborative learning based on their specific interaction with their partner. If this were 

the case, then it would not be logical to assume that working collaboratively would 

produce any positive effects on the transfer tasks or the MAI.  

However, if students did experience any benefits through working collaboratively, 

such as practice in monitoring their comprehension by sharing their ideas with others or 

observing others thought processes, it does not seem that these benefits carried over to 

new tasks. Just as providing students with prompts only one or twice was not enough to 

change students thoughts or behavior on future tasks, providing students with only one 

opportunity to benefit from a collaborative activity did not seem to be enough to change 

their thoughts or behaviors.  

Results did reveal a significant main effect of recommendation form scores on the 

near transfer task. Students who performed higher on the recommendation form, also 

performed higher on the near transfer task. This is not surprising because the tasks were 

very similar.  

A surprising main effect of collaborative learning on the far transfer task emerged 

once the recommendation form scores were included as an independent variable in the 

analyses. When the task was broken into its two components, results revealed that the 
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collaborative learning condition had an effect on Part 1: identification of the problem 

only. Those who worked individually through Alien Rescue performed better on this part 

of the far transfer task. This is opposite from the results that were expected. This aspect 

of the far transfer task asked students to brainstorm reasons for a particular academic 

problem. Perhaps, students who worked individually were more accustomed to 

brainstorming and working on their own, rather than relying on others’ ideas and input, 

so they were better able to perform the far transfer task.  

Research Question 4 

Are there interaction effects between type of prompting and collaborative learning 

on problem solving performance on the task at hand as well as on near and far transfer 

tasks and the development of metacognitive skills? 

Problem-solving Task 

Review of Hypotheses and Findings  

  I hypothesized that across prompting conditions, students who worked 

collaboratively would perform better on the problem-solving task than those who worked 

individually. However, I predicted that those who received metacognitive prompts while 

working individually would perform better than those who did not receive metacognitive 

prompts, and reach scores close to those working collaboratively. Results revealed no 

significant interaction effect of collaborative learning and metacognitive prompting on 

recommendation form scores. Additional analyses conducted on the re-coded 

recommendation form also revealed no significant interaction effect of collaborative 

learning and metacognitive prompting.  
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Discussion 

 The combination of the metacognitive prompting and collaborative learning did 

not have the additive effects that I hoped it would on this problem-solving task. This is 

not surprising due to the lack of significant main effects of both collaborative learning 

and metacognitive prompts on the problem-solving task. I have discussed in the previous 

sections why I feel the collaborative learning and the metacognitive prompting did not 

facilitate problem solving.  I think future research is needed to determine if such additive 

effects can be found.  

Transfer Tasks and MAI 

Review of Hypotheses and Findings 

 I hypothesized that across prompts conditions, students who worked 

collaboratively would perform better on the near transfer tasks, the far transfer task, and 

the MAI taken at the end of the study, than students who worked individually. I also 

hypothesized that as students received higher levels of prompting, they would perform 

better on each of these tasks. For example, those who received metacognitive prompts 

would perform better than those who did not receive prompts, those who received 

transfer prompts would perform better than those who received metacognitive prompts, 

and those who received both prompts would perform the best on all tasks.  

Results revealed no significant interaction effect of collaborative learning and 

prompting on the near transfer task scores, total far transfer task scores, scores on either 

part of the far transfer task (identification of the problem and solutions to the problem), 

total MAI scores, and scores on either scale of the MAI (Knowledge of Cognition Scale 
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and Regulation of Cognition Scale). When recommendation form scores were included as 

an independent variable in the analyses, there was a significant interaction effect of 

collaborative learning and recommendation form scores.  

Discussion 

In all of the analyses, only one significant interaction effect emerged. On average, 

those who worked individually through Alien Rescue performed better on the far transfer 

task, but these differences were most pronounced for those with lower scores on the 

recommendation form.  Those who worked individually through Alien Rescue and scored 

low on the recommendation form were more likely to score higher on the far transfer task 

than those who worked collaboratively. This finding is somewhat puzzling, and I think 

would need to be replicated to see if the same trend emerges in future research.  

Based on the results of all other analyses, I would conclude that collaborative 

learning combined with reflective prompting did not benefit students on the near transfer 

task and the MAI taken at the end of the study. Again, I think that the presentation of the 

prompts could be improved to make them more effective, and that collaborative learning 

interactions can be more closely monitored to determine if students are getting the 

expected benefits. Once these two things are accounted for, it would be more appropriate 

to evaluate if the combination of the two has extra benefits for students on the 

development and transfer of metacognitive and problem-solving skills. This is worth 

examining further in future research. 
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Limitations 

 I feel that there were several other limitations, in addition to the MAI, to this study 

that need to be discussed. First, I was not able to obtain the number of subjects needed to 

have enough power to detect small effect sizes. Unfortunately this is often the case in 

educational research. Perhaps the mean differences in the recommendation form scores 

based on collaborative learning and metacognitive prompting would have been 

significant with more subjects. However, I do not think more subjects would have made 

much difference on the near and far transfer task scores or scores on the MAI at Time 2 

since those analyses were not even close to reaching statistical significance. In future 

research I would like to recruit more subjects, but I will also adjust my procedures to 

account for additional limitations that were realized from conducting this study.  

 As previously discussed, I feel that the timing and presentation of the 

metacognitive and transfer prompts were not ideal. Students were interrupted right in the 

middle of their work to answer the metacognitive prompts, which took time and 

concentration away from the problem-solving task. Students were asked to answer the 

transfer prompts at the end of a long 2-hour research session, when they were tired and 

anxious to be finished with the study. This could have caused the students to rush through 

the questions, without thoughtfully reflecting on what was being asked of them, negating 

the benefits the prompts were meant to provide.  

 I also think there might have been some drawbacks to using the particular 

computer program, Alien Rescue, which was chosen for this study. I was quite surprised 

by the high number of students (104 out of 298) who received the lowest possible score, 
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1, on the recommendation form. The program is designed for 6th grade students to be used 

in their regular science classes for 15 days.  Although the task should not be difficult for 

college students, asking them to complete it in 2 hours might make it more difficult. 

Several students mentioned in their recommendation forms that they chose the best world 

based on the time they were given. They would have liked to do more research in the 

program, but simply ran out of time, so they made the best choice based on the research 

they had already conducted. Results might have been different if the students were given 

more time to work on the task. Additionally, more time spread over different research 

sessions might have kept the students more interested and task focused. Many college 

students are not accustomed to sitting and working constantly with no breaks for two 

hours, especially when their normal classes tend to be 50 minutes or one hour and 15 

minutes.   

Furthermore, this program might not have been the best match for an all female 

sample or as an outside class activity. Females do not tend to be as interested in space 

science (or video games, which this program is designed to emulate) as males tend to be. 

Lack of interest could have caused the participants to not put in as much effort as they 

could have. Additionally, since working through this program was not part of a class 

assignment where the students were going to be officially graded, they might not have 

put in the maximum amount of effort.   

Implications for Future Research 

Although, I am not able to conclude that my interventions had the desired effects, 

I did learn a lot from this study that will influence my future research. I am still very 
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interested in the role of collaborative learning and reflective prompting on the 

development and transfer of problem solving and metacognitive skills. However, based 

on my experiences with this study, I will change the way in which I explore these topics.  

In the future, perhaps it would be more useful to examine some of these variables 

individually, rather than combining them in the same study. This would reduce the 

number of subjects needed to have sufficient power to detect the often small effect sizes 

in exploratory research, and would allow for more detailed information to be gathered 

regarding each variable. For example, it is much easier to gather and analyze qualitative 

data with fewer participants, which I think would be very informative in this type of 

exploratory research. I would start by looking at collaborative learning and/or 

metacognitive prompting on problem-solving performance, since the data gathered in this 

study suggests this might be the most promising area to pursue. Once the best methods 

are determined for increasing problem-solving performance, then the focus of the 

research can be shifted to ways to transfer these skills. 

In future research, I would also change the way that metacognitive prompts are 

presented to the students. Ideally, these prompts would be presented to the students only 

when they are needed; for example, when a student is progressing down an incorrect path 

in the program or expresses confusion in the problem-solving process. This way, students 

who are already good problem solvers and do not need the prompts will not be bothered 

by them, and those that really do need them will have the opportunity to benefit from the 

prompts. However, this type of intelligent prompting is often not feasible in research 

situations, due to monetary or technological constraints. I believe the next best approach 
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would be to directly associate the prompts with aspects of the problem or computer 

program, rather than set time intervals. This way the prompts could be presented at 

transitional times and would be less distracting to the students.  

In future research, I would like to use a computer program that is more 

appropriate for the sample used in the study. Ideally, I would like to find a program that 

is designed for college students.  It would be even better if it were a program that was 

being used as part of the class curriculum, and students were receiving a grade on the 

assignment. This could alleviate any problems that might be due to students’ lack of 

interest in the program itself, or in putting in sufficient effort because they know they will 

not be graded on their performance. If this type of intervention could be integrated into 

the normal curriculum, I think students would take the task more seriously and their 

problem-solving performance could be more accurately measured. 

Another benefit of conducting this type of research as part of the normal 

curriculum would be that interventions could be presented and data could be gathered 

over a longer period of time. The research would be most informative in a college class in 

the natural sciences, such as Physics, Chemistry, and Computer Science, or an 

engineering class where students are required to engage in problem-solving tasks (many 

of which are computer-based) many times throughout the semester. This would allow a 

researcher to track problem-solving performance over time, and multiple opportunities to 

provide students with interventions. This could be especially helpful when looking at the 

effects of metacognitive and/or transfer prompting on transfer. The results of this study 

showed that presenting these students with prompts only once or twice is not enough to 
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improve their performance on transfer tasks. Perhaps multiple exposures to these prompts 

and many opportunities to practice behaving metacognitively over an entire semester will 

increase students’ chances to develop these skills, leading to better performance on 

transfer tasks asking them to apply these skills. However, the problem with conducting 

research in actual classrooms is that it is difficult to obtain a true control group.  

In future research, I would also like to gather different types of data. In addition to 

quantitative data, I feel that qualitative data can be very informative and often times add 

meaning that might be missing from quantitative data alone. I think the quality of 

responses to prompting questions needs to be evaluated to determine their effects on 

students’ problem-solving performance and skill development. I also feel that quality of 

collaborative learning interactions needs to be assessed to determine its effects as well. 

This can be done by observing students as they work, and then conducting follow-up 

interviews asking about their interactions, or by audio or video recording students while 

they work, and then analyzing the quality of the interaction. Finally, I think that 

metacognitive awareness might be better assessed through qualitative measures rather 

than using a quantitative instrument such as the MAI. In this study, the MAI did not prove 

to be an appropriate measure to use as a pre- and post-test. Observing students problem-

solving behavior and interviewing them about their actions over time might be a better 

way to truly assess metacognitive awareness. 

This dissertation was an attempt to determine what effect collaborative learning, 

metacognitive prompting, and transfer prompting have on students’ problem solving and 

the development and transfer of problem-solving and metacognitive skills. Although, the 
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results of this study did not directly answer these questions, it did provide a starting point 

to pursue additional research in this area. I have learned from this process things that I 

would do differently, and I have a better idea of how to answer these questions in the 

future. I look forward to pursuing this line of research in hopes of providing instructors 

and instructional designers with information on how they can help their students develop 

as successful problem solvers and self-regulated learners.  
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APPENDIX A 

Introduction to Alien Rescue given to participants 

 

Thank you all for participating in the Computer-based Learning Project. I am interested in 

how students learn in computer-based environments, so today you will be working 

through a program called, Alien Rescue.  

 

The first thing you need to do is log-in. Enter your UTEID under “group name”. Enter 

today!s date under “class”. Enter the time of this research session under “teacher”. Enter 

your name (and your partners name) under “group members names”, and then select a 

password. The password will be earth, earth, moon. Now let!s watch the opening 

scenario together. Students watch an 8-minute video on a large projector screen. 
 

Do you all understand the problem that you are being asked to solve? You are to act as 

scientists and use the tools provided within this program to find these aliens a new home 

within our solar system. However, due to time constraints, you do not have to find a 

home for all 6 of the alien species. You only need to find a home for the species, Kaylid. 

The name of this species is listed at the top of the recommendation form (Show students 
the recommendation form.) 

 

Before you begin, I want to show you how to navigate through the program and show 

you the tools that are provided in the program. Use the left and right arrow keys on your 

keyboard to navigate around the rooms within the program. If you want to enter a room, 

hit the up arrow key twice. To leave a room, hit the down arrow key twice. Try it now. 

 

Let!s all go to the research room together (Students work on their own computer, and the 
researcher demonstrates on a projector screen). The aliens! computer is housed in the 

research room, and this is where you can find information about each alien species. 

Take a few minutes to familiarize yourself with this database.  

 

The next tool I want to show you is the solar system database, where there is 

information about the planets and moons of our solar system. This is located on the right 

side bar on your screen. Click the square tab to open the database (demonstrate). You 

can learn more about a specific planet by clicking on the picture of that planet and then 

scrolling through the information. If you also see another picture next to the picture of the 

planet, then this means that planet has a moon. Click on the picture of the moon to read 

more information about that moon (demonstrate). Take a few minutes to familiarize 

yourself with this database. Any questions? 

 

I also want to show you the notebook function, which is located on the left side bar. This 

is a place where you can record any information that you think is important or that you 

want to remember. (demonstrate how to open, record information, and close the 
notebook). There is also a bookmark feature that will allow you to drag any pictures that 

you like into the notebook (demonstrate). 
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The next thing I want to show you is the expert feature. Click on the small round icon 

located at the bottom right corner of your screen. Our expert will appear to talk about a 

specific aspect of the problem (demonstrate). He shows up at various times within the 

program, wherever you see the icon. So, if you ever feel confused or that you could use 

a little help, this might be helpful for you. Any questions? 

 

The next room I want to show you is the probe design room. Everyone go there now. 

This is a place where you can create a probe to send to any of the planets or moons in 

our solar system to learn more about them. Click on “create probe”, and then go through 

these four steps to select the type of probe you would like to send and the kind of 

equipment that you will include on your probe (demonstrate).  

 

Any questions thus far? This will all make more sense to you as you start working 

through the program. I just want to show you everything before you begin. 

 

Once you have designed a probe, you go to the launch room to send it. Let!s all go there 

now. The name of your probe will appear in the top corner of the screen. To launch that 

probe click on “send probe” (demonstrate). You will be asked to enter an authorization 

code. I will put the code up on this projector screen once I finish showing you the 

program. 

 

To view the data that you gathered from your probe, go to the control room. The name of 

your probe will appear at the top of the screen, and you can click on these boxes to view 

your results (demonstrate). Each of the boxes represents an instrument that you could 

have put on your probe. Any questions. 

 

Now, I want to show you the other two databases located on the right side bar. Click on 

the square tab to open it, and then click on the missions database (demonstrate). This 

database contains information about previous missions to some of the planets and 

moons in our solar system.  

 

Now, click on the concepts database. This provides you with information about various 

scientific concepts that might be helpful to you in solving the problem. Scroll through the 

menu, and then click on any concept that you would like to learn more about 

(demonstrate). This will take you through a short lesson.  

 

Any question about anything I have shown you thus far?  

 

Once you have decided on a place to send the alien species to, fill out the 

recommendation form. List the world that you have chosen at the top, and then list your 

reasons for choosing that world in the space provided. I also want to point out that there 

is not necessarily one correct answer to this problem. There are a few places that are a 

good match for this species, and several that are not a good match. It is up to you to 

defend the choice that you make, by listing the pros and cons of your choice. 
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Finally, I want to show you the tools located at the bottom of your screen. There is a 

periodic table here for your reference (demonstrate), a spectrogram chart (demonstrate), 

and messages button (demonstrate). This will show you the text from the messages that 

you have received from the alien species and the director. Feel free to read through this 

if you feel you might have missed anything from those messages. 

 

(For those working in pairs.) You are to work through this problem with your partner. 

However, it is up to you to determine how you will work best together. For example, you 

may work on separate computers, or both work on one. It is up to you to determine how 

your group will function best. 

 

Any questions? Go ahead and get started. If you have any questions, more information 

will be provided on the projector screen, or feel free to ask me questions at any time. 

Good luck. 
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APPENDIX B 

Metacognitive Prompts Worksheet 

 

UTEID: ______________________   DATE & SESSION TIME:____________________ 

 
1. What is the problem you are being asked to solve? 

 

 

 

 
2. What is your goal for this challenge? 

 

 

 

 
3. How do you plan to solve this problem? 

 

 

 

 
4. Do you have any prior knowledge that will help you with this problem? What is it? 

 

 

 

 
5. What information do you need to find to help you solve this problem? 

 

 

 

 

6. What tools within this program will you use to find the information you are looking 

for? Why? 
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Answer the following when instructed to do so by the researcher. 
 

1. How close are you to solving the problem? 

 

 

 

2. Have you gathered useful information thus far? 

 

 

 

3. Have you found some potential homes for the alien species? Why do you think 

these are good potential homes? How will you decide which is the best one? 

 

 

 

 

4. Have you run into any challenges? How did you resolve them, or how do you 

plan to resolve them? 

 

 

 

 

5. What additional steps will you take to solve the problem? 

 

 

 

 

6. What additional information do you still need?  

 

 

 

 

7. Where will you find this information (What tools will you use to find this 

information)? 
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Answer the following questions after filling out the recommendation form. 
 

1. How confident are you in that you have found a suitable home for the alien? 

 

 

 

 

 

2. What was most useful to you in solving the problem? 
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APPENDIX C 

Screen Shot of Transfer Prompts Web Survey 

 

 



 

 114 

APPENDIX D 

Metacognitive Awareness Inventory (MAI) 
 

Answer a few questions about your studying activities. Please read each item carefully, 

and indicate how true each of the following statements is for you by rating it on a scale 

from 1 (very untrue) to 5 (very true).  

 

1  2  3  4  5          

   Very Untrue     Somewhat           Neither          Somewhat      Very True             

          untrue       true nor              true  

       untrue                                                           

 

1. _____ I ask myself periodically if I am meeting my goals. 

2. _____ I consider several alternatives to a problem before I answer. 

3. _____ I try to use strategies what have worked in the past. 

4. _____ I try to pace myself while learning in order to have enough time. 

5. _____ I understand my intellectual strengths and weaknesses. 

6. _____ I think about what I really need to learn before I begin a task. 

7. _____ I know how well I did once I finish a test. 

8. _____ I set specific goals before I begin a task. 

9. _____ I slow down when I encounter important information. 

10. _____ I know what kind of information is most important to learn. 

11. _____ I ask myself if I have considered all options when solving a problem. 

12. _____ I am good at organizing information. 

13. _____ I consciously focus my attention on important information. 

14. _____ I have a specific purpose for each strategy I use. 

15. _____ I learn best when I know something about the topic. 

16. _____ I know what the teacher expects me to learn. 

17. _____ I am good at remembering information. 

18. _____ I use different learning strategies depending on the situation. 

19. _____ I ask myself if there was an easier way to do things after I finish a task. 

20. _____ I have control over how well I learn. 

21. _____ I periodically review to help me understand important relationships. 

22. _____ I ask myself questions about material before I begin. 

23. _____ I think of several ways to solve a problem and choose the best one. 

24. _____ I summarize what I have learned after I finish. 

25. _____ I ask others for help when I don!t understand something. 

26. _____ I can motivate myself to learn when I need to. 

27. _____ I am aware of what strategies I use when I study. 

28. _____ I find myself analyzing the usefulness of strategies while I study. 

29. _____ I use my intellectual strengths to compensate for my weaknesses. 

30. _____ I focus on the meaning and significance of new information. 

31. _____ I create my own examples to make information more meaningful. 

32. _____ I am a good judge of how well I understand something. 

33. _____ I find myself using helpful learning strategies automatically. 

34. _____ I find myself pausing regularly to check my comprehension. 
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35. _____ I know when each strategy I use will be most effective. 

36. _____ I ask myself how well I accomplished my goals once I!m finished. 

37. _____ I draw pictures or diagrams to help me understand while learning. 

38. _____ I ask myself if I have considered all options after I solve a problem. 

39. _____ I try to translate new information into my own words. 

40. _____ I change strategies when I fail understand. 

41. _____ I use organizational structure of the text to help me learn. 

42. _____ I read instructions carefully before I begin a task. 

43. _____ I ask myself if what I!m reading is related to what I already know. 

44. _____ I reevaluate my assumptions when I get confused. 

45. _____ I organize my time to best accomplish my goals. 

46. _____ I learn more when I am interested in the topic. 

47. _____ I try to break studying into small steps. 

48. _____ I focus on overall meaning rather than specifics. 

49. _____ I ask myself questions about how well I am doing while I am learning  

     something new. 

50. _____ I ask myself if I have learned as much as I could have once I finish a task. 

51. _____ I stop and go back over new information that is not clear. 

52. _____ I stop and reread when I get confused. 
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APPENDIX E 

Metacognitive Prompts 

 

After viewing opening scenario: 
1. What is the problem you are being asked to solve (What is your goal for this 

challenge)? 

2. How do you plan to solve this problem? 

3. Do you have any prior knowledge that will help you with this problem? What is it? 

4. What information do you need to find to help you solve this problem? 

5. What tools within this program will you use to find the information you are looking 

for? Why? 

 

After working for 45 minutes: 
8. How close are you to solving the problem? 

9. Have you gathered useful information thus far? 

10. Have you found some potential homes for the alien species? Why do you think 

these are good potential homes? How will you decide which is the best one? 

11. Have you run into any challenges? How did you resolve them, or how do you 

plan to resolve them? 

12. What additional steps will you take to solve the problem? 

13. What additional information do you still need?  

14. Where will you find this information (What tools will you use to find this 

information)? 

 

After filling out the recommendation form: 
3. How confident are you in that you have found a suitable home for the alien? 

4. What was most useful to you in solving the problem? 
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APPENDIX F 

Transfer Prompts 

 

Spend some time thinking about how some of the activities you did in Alien Rescue 

could also be useful for you to do in future learning experiences. Think of upcoming 

problems that you might be asked to solve or upcoming academic assignments that you 

have to complete, and answer the following questions. 

 

1. How will taking the time to ensure that you understand the problem, or the 

requirements of an upcoming academic assignment help you to complete it? 

 

2. How will setting goals for your learning (or establishing a plan) help you solve a 

problem or complete an upcoming assignment? 

 

3. How will thinking about the prior knowledge you have in an area help you solve a 

problem or complete an upcoming assignment?  

 

4. How will using the tools/resources that are available to you (i.e. professor, 

textbooks, library) help you to solve a problem or complete an upcoming 

assignment? 

 

5. How will monitoring your progress along the way help you to solve a problem or 

complete an upcoming assignment? 

 

6. How will constantly reflecting upon what you have done so far help you to solve a 

problem or complete an upcoming assignment? 

 

7. How will comparing what you are learning to what you already know about a topic 

help you to solve a problem or complete an upcoming assignment? 

 

8. How will evaluating your successful completion of the task and what you have 

learned from it help you in your future learning? 

 

9. How likely are you to do these things when you solve future problems and work 

on upcoming academic assignments? Circle your choice: not likely, somewhat 

likely, or very likely?  

Explain. 



 

 118 

APPENDIX G 

Recommendation Form 

 

UTEID: ___________________________________________ 

 

DATE:  ___________________________________________ 

 

SESSION TIME: ___________________________________ 

 

 

RECOMMENDATION FORM: KAYLID 

 

List the world you have chosen as a new home for the alien species, Kaylid. Describe the 

reasons, both pros and cons, for choosing this home.  

 

 

CHOSEN WORLD:  

 

RATIONALE:  
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The world chosen for the alien species is an acceptable choice. Six or more 

correct specific reason for the choice is listed. 

 
AND at least one limitation of the chosen world is listed. 

APPENDIX H 

Recommendation Form Rubric 

 

  

 
The world chosen for the alien species is not an acceptable choice.  

 

The world chosen for the alien species is an acceptable choice. One correct 

specific reason for the choice is listed. 

 
AND at least one limitation of the chosen world is listed. 

  

The world chosen for the alien species is an acceptable choice. Two correct 

specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is an acceptable choice. Three correct 

specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is an acceptable choice. Four correct 

specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is an acceptable choice. Five correct 

specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

_2_ 

_1_ 

_3_ 

_4_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

_10_ 

_11_ 

_12_ 

_13_ 
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APPENDIX I 

Near Transfer Task 

 

Mia Salerno is a biologist who is studying the Barton Springs Salamander, which 

is an endangered species. Data that have been collected show that the 

salamander is in danger of extinction because of water pollution and the many 

people who swim in the area where the salamanders live. 

 

The Barton Springs salamander is an amphibian, and looks somewhat like a 

lizard. It has a long slender body about 2.5 inches long with gills on its neck for 

breathing in water. It has short legs and usually bends its body from side to side 

to give it as wide as possible a movement for its feet. These salamanders must 

live in deep water that moves quickly, and they like spring fed pools the best. 

Right now, they live only in pools fed by Barton Springs in Austin, Texas. The 

water temperature must be between 50 degrees F - 68 degrees F, and they 

cannot survive in water warmer than that. Salamanders tend to be shy, coming 

out at night to feed. They eat earthworms and brine shrimp. They need a rocky 

and sandy river bottom. Leaves and rotting debris can pollute the water, making it 

difficult for salamanders to survive. Salamander eggs usually hatch in November, 

March, and April. 

 

Since the Barton Springs area is so small, we would like to try and introduce the 

salamander to a different location to see if it can survive there. Since you have 

already solved a similar problem, we hope you can help with this one too. 

 

We are considering the following three locations: 

 

1. Lake LBJ: This lake is located about forty-five miles northwest of Austin. It 

was named after Lyndon B. Johnson, former president of the United 

States. It is a natural lake and like Barton Springs, it is fed by underground 

springs from the Edwards Aquifer. It is just over 21 miles long and has a 

maximum width of 10,800 feet. Tourists from all over Texas come here to 

take advantage of the beautiful lake. Water skiing and other sports are 

very popular here. The irregular shore line makes Lake LBJ attractive to 

boaters and fisherman. There is a rich variety of aquatic life, particularly 

bass, trout, and shrimp. The temperature of the lake ranges from 62 

degrees to 68 degrees Fahrenheit. Lake LBJ is about 40 feet deep, and its 

bottom is covered with a variety of plant life. In the past, the lake suffered 

from pollution from Austin, though recent efforts have helped, and Lake 

LBJ is much cleaner than is was fifteen years ago. The most beautiful 

months for visiting the lake are March, April, May and June when the 

flowers are blooming. 
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2. Balmorhea Springs: This large pool is located in west Texas at the foothills 

of the Davis Mountains. Water from the springs used to flow out into the 

desert, but during the Great Depression a huge L-shaped pool was dug. 

The water is exceptionally clean. It's clearer than the clearest Caribbean 

water and filled with aquatic life, including two endangered species and 

the brine shrimp eaten by the salamander. Turtles, frogs, crayfish, bass, 

and catfish are common. Balmorhea Springs is about 25 feet deep, and 

has a muddy, clay bottom. The slow moving water remains at a 

temperature around 72 degrees Fahrenheit throughout the year. It is a 

popular swimming area, and the deepest areas are reserved for scuba 

divers interested in studying the aquatic life there. The marshland areas 

are ideal for bird watching. 

 

3. Blue Hole Creek: This is an isolated creek in northwestern Texas just 

south of the panhandle, about 50 miles from the Oklahoma border. It is far 

from any large towns. Because it is small and remote, it is rarely used for 

any water sports, even swimming. Blue Hole Creek is 16 feet deep at its 

deepest, and is much shallower in some places. The fast moving waters 

are fed by underground springs and are free of pollution. The water is kept 

cool by the shade of the trees that line its banks, and its temperature is 

generally between 60 degrees and 65 degrees Fahrenheit. The creek 

bottom is mostly sandy with small pebbles. Only small aquatic animals 

have been found in Blue Hole Creek, though the animals in the depend on 

the creek as their source of water. 

 

Which location would you choose to send the Barton Creek salamander to? 

 

Why did you choose this particular location? Describe the reasons, both pros and 

cons, for choosing this location. 
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APPENDIX J 

Near Transfer Task Rubric 

 

 

  
 

One correct specific reason for the choice of a home for the salamander 

is listed. 

 
AND at least one limitation of the chosen home is listed. 

Two correct specific reasons for the choice of a home for the salamander are 

listed. 

 

AND at least one limitation of the chosen home is listed. 
 

Three correct specific reasons for the choice of a home for the salamander are 

listed. 

 

AND at least one limitation of the chosen home is listed. 
 

Four correct specific reasons for the choice of a home for the salamander 

are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

Five correct specific reasons for the choice of a home for the salamander 

are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

_1_ 

_2_ 

_3_ 

_4_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

_10_ 

_11_ 

_12_ 

Six or more correct specific reasons for the choice of a home for the 

salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
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APPENDIX K  

Far Transfer Task 

 

Consider the following academic situation that many students find themselves in. 

 

Rachel studied extremely long and hard for her Psychology mid-term exam. She felt that 

she was well prepared, and was very confident that she would get a good grade when 

she entered the test. However, as she looked at the questions, she was shocked to find 

that she didn!t know most of the answers. She ended up getting a much lower grade 

than she had originally expected to get on the exam. What went wrong? How could she 

have studied so hard and not know how to answer some of the questions? 

 

Part 1: What do you think could have happened while Rachel was studying that caused 

her to perform worse than she expected? Please list as many reasons as you can think 

of, and keep them specific to Rachel (i.e. NOT the test was too hard, the professor 

tricked her, etc.). 

 

Part 2: Rachel wants to ensure that this doesn!t happen again. She wants to make an A 

on the final exam. What advice would you give to Rachel as she prepares for her final 

exam? Provide as many suggestions as you can think of about how Rachel should 

prepare for the exam to ensure that she gets the grade she wants. 
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Two valid reasons are listed for the cause of the problem.  

AND 0 to 1 valid suggestions for improvement are listed. 

 

AND 2 to 3 valid suggestions for improvement are listed. 

 

AND 4 to 5 valid suggestions for improvement are listed. 

 

AND 6 or more valid suggestions for improvement are listed. 
 

Four valid reasons are listed for the cause of the problem.  

AND 0 to 1 valid suggestions for improvement are listed. 

 

AND 2 to 3 valid suggestions for improvement are listed. 

 

AND 4 to 5 valid suggestions for improvement are listed. 

 
AND 6 or more valid suggestions for improvement are listed. 

One valid reason is listed for the cause of the problem.  

AND 0 to 1 valid suggestions for improvement are listed. 

 

AND 2 to 3 valid suggestions for improvement are listed. 

 

AND 4 to 5 valid suggestions for improvement are listed. 

 

AND 6 or more valid suggestions for improvement are listed. 
 

APPENDIX L 

Far Transfer Task Rubric 

 

 

No valid reason is listed for the cause of the problem AND no suggestions for 

improvement. 

No valid reason listed for the cause of the problem, but valid suggestions for 
improvement are listed. 

Three valid reasons are listed for the cause of the problem.  

AND 0 to 1 valid suggestions for improvement are listed. 

 

AND 2 to 3 valid suggestions for improvement are listed. 

 

AND 4 to 5 valid suggestions for improvement are listed. 

 
AND 6 or more valid suggestions for improvement are listed. 

_1_ 

_2_ 

_3_ 

_4_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

_10_ 

_11_ 

_12_ 

_13_ 

_14_ 

_15_ 

_16_ 

_17_ 

_18_ 
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APPENDIX M 

Recommendation Form Rubric to Recode Bottom 104 Recommendation Form Scores 

 

 

 

 

 

One correct specific reason for the choice is listed. 

 

 
AND at least one limitation of the chosen world is listed. 

 

 

Two correct specific reasons for the choice are listed. 

 

 

AND at least one limitation of the chosen world is listed. 
 

Three correct specific reasons for the choice are listed. 

 

 

AND at least one limitation of the chosen world is listed. 
 

Four correct specific reasons for the choice are listed. 

 

 

AND at least one limitation of the chosen world is listed. 
 

Five correct specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

_2_ 

_1_ 

_3_ 

_4_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

_10_ 
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The world chosen for the alien species is not an acceptable choice.  

APPENDIX N 

Recommendation Form Rubric to Recode All Recommendation Form Scores 

 

 

 

 

The world chosen for the alien species is not an acceptable choice.  

One correct specific reason for the choice is listed. 

 
AND at least one limitation of the chosen world is listed. 

 

The world chosen for the alien species is not an acceptable choice.  

Two correct specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is not an acceptable choice.  

Three correct specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is not an acceptable choice.  

Four correct specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

The world chosen for the alien species is not an acceptable choice.  

Five correct specific reasons for the choice are listed. 

 

AND at least one limitation of the chosen world is listed. 
 

_2_ 

_1_ 

_3_ 

_4_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

_10_ 

_0_ 
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The world chosen for the alien species is an acceptable choice.  Five  

correct specific reasons for the choice of a home for the salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

The world chosen for the alien species is an acceptable choice.  Six or more 

correct specific reasons for the choice of a home for the salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

 

 

 

  

 

The world chosen for the alien species is an acceptable choice.  One  

correct specific reason for the choice of a home for the salamander is listed. 

 
AND at least one limitation of the chosen home is listed. 

 

The world chosen for the alien species is an acceptable choice.  Two  

correct specific reasons for the choice of a home for the salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

The world chosen for the alien species is an acceptable choice.  Three  

correct specific reasons for the choice of a home for the salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

The world chosen for the alien species is an acceptable choice.  Four  

correct specific reasons for the choice of a home for the salamander are listed. 

 

AND at least one limitation of the chosen home is listed. 
 

_11_ 

_12_ 

_13_ 

_14_ 

_15_ 

_16_ 

_17_ 

_18_ 

_19_ 

_20_ 

_21_ 

_22_ 
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