
 

 

 

 

 

 

 

 

 

Copyright 

by 

Damji Heo 

2014 

 

 



The Report Committee for Damji Heo 

Certifies that this is the approved version of the following report: 

 

 

Comparison of Experts and Novices in Problem-Based Learning for 

Engineering Education 

 

 

 

 

 

 

 

 

 

APPROVED BY 

SUPERVISING COMMITTEE: 

 

 

 

Diane Schallert 

Marilla Svinicki 

  

Supervisor: 



Comparison of Experts and Novices in Problem-Based Learning for 

Engineering Education 

 

 

by 

Damji Heo, B.A. 

 

 

Report 

Presented to the Faculty of the Graduate School of  

The University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of  

 

Master of Education 

 

 

The University of Texas at Austin 

December 2014 



 Dedication 

 

My family, who always supports me no matter where I am. 

 

 



 v 

Acknowledgements 

 

Dr. Svinicki, Dr. Schallert, and my best friend, Renee Dale 

 

 

 



 vi 

Abstract 

 

Comparison of Experts and Novices in Problem-Based Learning for 

Engineering Education 

 

Damji Heo, M. Ed 

The University of Texas at Austin, 2014 

 

Supervisor:  Diane Schallert 

 

Ill-structured problems, problems that do not have simple structures and one finite correct 

solution, are the most common form of problems that engineers meet in everyday 

situations. However, the curriculum of engineering education mostly focuses on well-

structured problems, leading to the possibility that students might not apply the 

knowledge they have learned from school to the workplace after they graduate. Problem-

based learning using ill-structured problems is more effective in teaching students to 

approach a solution. After an introduction to these three areas, I propose a research study 

in which novice participants who are majoring in Engineering and expert participants 

who are in the Civil or Mechanical Engineering fields are asked to solve ill-structured 

problems. The focus of analysis will be on the different types of analogies they use. Self-

efficacy will also be measured using a survey to observe if different levels of self-

efficacy affect problem solving differently in the two groups, and if there is any 
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relationship between types of analogies that each group uses and self-efficacy. The 

findings of this study would help to improve the curriculum of engineering education 

especially enhancing students’ cognitive strategy for engineering designs. 
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Chapter 1:  Engineering Education 

 

As Atman et al. (2008) argued, engineers in current society are required to have 

various skills due to its complexity of work, such as “an ability to define problems as 

well as to solve them, a tolerance for ambiguity, design judgment, an understanding of 

uncertainty and an appreciation of the impact of designed solutions on the people and 

environment they interact with” (p.234) Acknowledging their importance, Atman et al. 

showed how educators and researchers have tried to integrate these aspects into the 

curriculum for engineering education in order to improve the learning outcomes.  

The Accreditation Board for Engineering and Technology (2013, pp.3-4) has also 

put forward a list of desired student outcome criteria, as shown below: 

“(a) An ability to apply knowledge of mathematic, science and engineering 

(b) An ability to design and conduct experiment, as well as to analyze and interpret 

data 

(c) An ability to design a system, component or process to meet desired needs within     

realistic constraints such as economic, environmental, social, political, ethical, 

health and safety, manufacturability, and sustainability 

(d) An ability to function on multi-disciplinary teams 

(e) An ability to identify, formulate and solve engineering problems. 

(f) An understanding professional and ethical responsibility 

(g) An ability to communicate effectively(h) The broad education necessary to 

understand the impact of engineering solutions in a global, economic, 
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environmental, and societal context 

(i) A recognition of the need for, and an ability to engage in life-long learning 

(j) A knowledge of contemporary issues 

(k) An ability to use the techniques, skills, and modern engineering tools necessary for 

engineering practice”. 

Because it would be advantageous to design an engineering education curriculum 

to facilitate learning outcomes based on ABET criteria, researchers have investigated 

what types of learning environments most effectively produce these learning outcomes. 

Two promising instructional environments, problem based-learning and the framework of 

comparison between experts and novices, have been increasing for engineering education. 

Problem-based learning is especially beneficial at facilitating such outcomes as outcomes 

e and k on the ABET list (Dorst & Cross, 2001). Also, researchers have found that 

differences between experts and novices during tasks have been helpful in designing a 

curriculum for facilitating outcome f, because it is possible that learners could be induced 

to approach a task in a fashion similar to experts once they have seen it done several 

times.  

  In this report, I will suggest how to evaluate problem-based learning and the 

framework of comparison between experts and novices, regarding engineering education. 

I begin with a closer examination of these two models for learning, move on to a 

description of self-efficacy, and then propose a study that focuses on types of analogies 

within a problem-based learning environment and association of self-efficacy and use of 

analogies. 
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Chapter 2:  Problem-based Learning 

 

Problem-based learning is a learning approach that learners apply their 

knowledge based on their previous experiences to problem-based learning (Quinn et al., 

2008, p. 330). Torpes and Sage (2002) defined problem-based learning as “focused, 

experiential learning (minds-on, hands-on) organized around the investigation and 

resolution of messy, real-world problems.” (p.15) Due to the characteristics of problem-

based learning, students take charges in a problem situation and teachers facilitate 

students to understand the problem in a deeper level. Therefore, it is possible that learners 

in problem-based learning are active problem solvers and self-directed.  

Problem-based learning is based on ill-structured problems. Ill-structured 

problems are “vaguely defined or unclear goals and unstated constraints; they possess 

multiple solutions and solution paths or no consensual agreement on the appropriate 

solution;… they possess no explicit means for determining appropriate actions or 

relationships between concepts, rules, and principles that are used; and they require 

learners to make judgments and express personal opinions or beliefs about the problem 

and defend them” (Jonassen et al., p.139). In other words, ill-structured problems have 

fewer constraints and can be interpreted with various perspectives. Accordingly, they 

have multiple solutions compared to well- structured problems. Ill-structured problems 

are much more similar to the problems that one would meet in everyday situation as well. 

Problem-based learning not only requires procedural (How to) knowledge but also 

requires propositional knowledge (When to) from learners, due to the characteristics of 
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problems. Learners need to use propositional reasoning to draw on analogous solutions in 

uncertain situations, using analogies based on their previous experiences. In particular, 

analogies from previous experiences that are not directly related to the problem on which 

they are currently working require learners to find common schemata that the experiences 

and a current task share. In this circumstance, learners may use propositional reasoning to 

guide their thinking in using those analogies.  

This propositional approach in learning theories largely supports higher level 

cognitive processing during problem-based learning, especially when dealing with tasks 

that have fewer constraints. Mitchel et al., (2009) argued that propositional approach in a 

learning process approach makes it possible to reason the relationship between events, 

and thus to produce “conscious, declarative, propositional knowledge about those events” 

(p. 186). Therefore, learners in problem-based learning situations need to use a 

propositional approach to draw on various resources from their previous experiences, 

either direct or indirect, to reach the solutions. In order to facilitate learners using such an 

approach, effective instruction based on models would be needed. 

In problem-based learning, two types of models can be used for instruction. One 

is self-guided modeling and the other one is expert modeling. Schmidt (2003) argued that 

learners in self-guided modeling studies lead themselves through the learning process and 

pursue the goals by themselves (p.243). In problem-based learning, students in small 

groups collaboratively work on tasks with minimal guidance from an instructor (Schmidt, 

1983, p.139). In this process, Loyens et al. (2008) argued that “students need to carefully 

plan their self-study activities in order to be optimally prepared for the next tutorial 
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meeting, which requires effective time management” (p. 415). It is critical to effectively 

manage their study time throughout the learning process, since the time and resources are 

limited. Students can achieve successful time management by accurately evaluating their 

performance until reaching their goal, and managing their time.  

Self-directed learning and problem-based learning are also deeply related to 

constructivism. Constructivism is “a philosophy based on the fundamental assumption 

that knowledge cannot exist outside our minds” (Hendry et al., 1999 p.359). In the 

constructivist perspective, knowledge is formed by interaction with the environment 

surrounding learners (p. 359). Therefore, constructivism in a learning environment 

emphasizes building knowledge while interacting with an environment such as with 

group members. Because constructivism emphasizes the learner building the knowledge 

by herself/himself, it is possible to say that constructivism forms the basis of self-directed 

learning. Moreover, students in problem-based learning need to think critically as well as 

creatively to solve a task and monitor their own understanding simultaneously (Savory & 

Duffy, 1995 p.14). This conforms to the ultimate purpose of a constructivist learning 

environment.  

However, the ineffectiveness of self-directed learning in problem-based learning 

with ill-structured problems is often pointed out. Lee and Spector (2012) pointed out that 

the expertise of the learner must be considered when designing instructions for problem-

based learning. That is, inexperienced learners and experienced learners should be taught 

based on different versions of the instruction model. Previous studies reported that the 

learning outcome was more effective when novice students learned based on well-guided 
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instruction like expert modeling. Worked examples, that is, experts’ problem solutions, 

are the tools that can be used to assist novice learners in problem-based learning. In a 

review paper, Atkinson et al. (2000) argued that “examples can in fact help educators 

achieve the goal of fostering adaptive, flexible transfer among learners…the research on 

inter-example features of lesson design point to importance of providing a wide range of 

examples (and having students emulate examples) that illustrate multiple strategies…” 

(Spiro et al., 1991, p.208). In other words, the authors argued that worked examples are 

effective for novice learners not only in finding a strategy to reach to solution, but also in 

facilitating a more flexible attitude when dealing with problems. 

In conclusion, problem-based learning is an optimized environment for learners 

to build and enhance their knowledge, and various types of knowledge are required for 

them to solve a task. Moreover, the instructional designers should consider learners’ level 

of expertise to improve the effectiveness of instruction. 
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Chapter 3:  Comparison between Expert and Novice Problem Solvers 

 

One of the frameworks that has been used in problem-based learning is a 

comparison of problem solving strategies between experts and novices in the field. This 

framework can be derived from expert systems for intelligent tutoring systems. Previous 

studies have designed expert systems for intelligent tutoring, based on a comparison 

between expert and novice problem solving. Sumner et al. (1992) argued that 

“…characteristic of human experts is the ability to explain their reasoning process” (p. 

184). In other words, experts can more accurately monitor and articulate their reasoning 

process. One possible explanation is that experts are more capable of engaging in 

metacognition. Metacognition is the strategy to understand and control cognitive process 

(Sternberg, 1998, p. 128). In order to build these characteristics of expertise, learner 

metacognition is necessary. Sternberg listed the characteristics of expertise in his paper 

and asserts that metacognition is essential regarding “time allocation, development of 

representations, selection of strategies, prediction of difficulty, and monitoring” (p.133). 

In order to facilitate learners’ acquisition of expertise, instructions regarding these 

characteristics are important. As mentioned in the previous section, a problem-based 

learning environment with expert modeling instruction could be effective for learners to 

enhance their expertise.  

As Sternberg argued, well-developed schemas are one of the qualities of 

understanding critical to expertise. One type of schema, the analogy, is a commonly used 

logical strategy to solve problems (Christensen & Schunn, 2007). Previous studies have 
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investigated if and how expert and novice learners show difference in the types of 

analogies they use (Ball et al. 2004; Dixon & Johnson, 2011). Researchers differentiated 

types of analogies into two categories: between domain analogies and within domain 

analogies. Between domain analogies, which share the dominant characteristic of being 

schema-driven, are “analogies drawn between two ideas from different domains but are 

used to resolve functional issues in a design” (Dixon & Johnson, 2011 p.49). The objects 

used for between domain analogies might look like they do not share similarities on a 

superficial level. However, the schemas that they share are similar. Within domain 

analogies, however, are the analogies “that are from the same domain” (p. 49). Previous 

studies found that expert participants and novice participants differed in how they used 

analogies when solving given tasks. Ball et al. (2004) reported that expert participants 

more frequently used analogies in general, and they were more capable of using between 

domain analogies than novice participants. This is a key difference for the proposed study. 

Not only in terms of analogies, expert and novice participants show differences 

when they are involved in a problem solving task. For example, Randel et al. (1996) 

argued that experts are more capable of situation awareness in naturalistic decision 

making situations. Situation awareness is “the perception of the elements in the 

environment within a volume of time and space, the comprehension of their meaning, and 

the projection of their status in the near future” (Randel et al, 1996, p. 583; Endsley, 1988, 

p.92). The characteristics of naturalistic decision making environments are: “1. Ill-

structured problems, 2 Uncertain dynamic environments 3. Shifting, ill-defined, or 

competing goals, 4. Action/feedback loops, 5.Time constraints, 6. Outcome with high 
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stakes, 7.Multiple players, 8.Organizational goals & norms” (Randel, et al. 1996, p. 580). 

Based on the characteristics that were defined in their papers, it is possible to say that 

naturalistic decision making takes place in problem-based learning situations with ill-

structured problems. Therefore, it is possible to assume that situation awareness is also an 

important characteristic of a problem-based learning situation. As Randel et al (1996) 

argued based on their findings (p.592), experts are more capable of situation awareness 

than novices are. Consequently, they tend to better understand the conditions of situation. 

Bedard and Chi (1992)’s study cited by Dixon (2011), argued that “experts are more 

efficient and superior in classifying problems…They are also efficient in their inference 

about additional aspects of the problem” (Bedard & Chi 1992 in Dixon, 2011, p. 41). To 

summarize these results, experts are better at 1) identifying problems, and thus spend less 

time on identification 2) proceeding to solve promptly, and 3) are more methodical.  

The framework of comparison of experts and novices is commonly used in 

professional education settings such as medical schools and engineering education. 

Previous studies have explored learners’ mental representations. Walker (1987) argued 

that “domain expertise can sometimes compensate for overall lack of aptitude by 

providing a ‘domain-specific aptitude,’ enabling low-aptitude/high-knowledge people to 

perform in ways similar to those shown by their high-aptitude/high-knowledge 

counterparts on certain domain-related processing tasks” (p.39). That is, individuals with 

low aptitude but high knowledge can show a similar level of performance to individuals 

with high aptitude and high knowledge in a sense of recalling information and goal 

relevant inferences. The result of Walker’s study also found that individuals with low-
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aptitude/high knowledge outperformed individuals with high-aptitude/low knowledge. 

Experts can be considered as a high-aptitude/high knowledge group and novices can be 

considered as a low-aptitude/low knowledge group since experts have been trained much 

longer and deeper than novices, and accordingly, experts would have higher aptitude. 

Even if experts and novices do not differ significantly in aptitude, they would still show 

difference in performance since their knowledge level is different.  

In sum, the framework of expert-novice comparison is frequently used to model 

the mental representations of participants during tasks so that researchers can design 

instruction to train novices to become more expert-like in many professional educational 

settings.  
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Chapter 4:  Self-Efficacy 

  

 Self-efficacy is an important construct that may explain why there is a difference 

between experts’ and novices’ ability to reach a solution when they are involved in a task, 

and why they use different cognitive strategies. Self-efficacy is a motivational capacity 

that helps individuals manage their skills to cope with situations they face (Reeve, 2009). 

Self-efficacy has been studied by many educational researchers, especially relating to 

learners’ cognitive process in a challenging situation. Bandura (1997) argued that 

efficacy beliefs affect the consistency and effectiveness when applying knowledge.  In 

this sense, self-efficacy can be a moderator of academic performance; the cognitive 

processes are involved in applying knowledge and self-efficacy, which makes individuals 

more willing to put effort into a task and apply their knowledge. Self-efficacy is also 

deeply related to perseverance and goals that individuals set.  

 Researchers have investigated self-efficacy and its effect on challenging cognitive 

tasks. Bedard et al. (2012) investigated the determinants of students’ engagement in 

engineering and medical problem based learning. They reported that self-efficacy, stress,, 

and theories and beliefs about knowing can be predictors for engagement and persistence 

during the task. The authors argued that the students’ self-awareness of themselves as 

effective learners and problem solvers, and their outputs should “correlate with their 

engagement in a problem based and project-based curriculum” (p.10). Another study 

reported that there was a significant relationship between self-efficacy and persistence 

and its effect on academic performance (Multon et al. 1991). In their study, participants 
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who showed a high level of self-efficacy performed better and with greater persistence in 

various academic settings. This positive correlation between self-efficacy and 

perseverance implies that greater perseverance can be an important mediator for 

cognitive process as well when learners work through a challenging task.  

 Previous studies about women in STEM fields have shown the effect of self-

efficacy and persistence in challenged situations. Researchers have shown that women 

strongly feel that they are minorities and even feel a sense of exclusion in STEM fields, 

which is male- predominant (Thompson & Daniel, 2007; Marra et al., 2009). As a result 

women’s low self-efficacy is related to persistence on their career in the field. 

Researchers have explored how curriculum can be designed to facilitate learners’ self-

efficacy while they are involved in a challenging task. In Ponton et al.(2001), the authors 

argued that partitioning the original problem into simpler ones within the capability range 

of the learner can enhance the motivation and ultimately self-efficacy as well by 

increasing their ability to solve the original problems (p.249).  

 Based on the previous studies about self-efficacy and its effect on cognitive 

process, it is possible to speculate why there could be a difference between novices and 

experts when they are involved in a task, and how curriculum designers can set 

curriculum to train better students in STEM field.  
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Chapter 5: Proposal 

 

Proposed Study 

 

Introduction 

Students of engineering majors solve well-structured problems in school settings 

because the current curriculum mostly focuses on well-structured problems that are well- 

organized and have only one solution. However, the problems in actual engineering fields 

are typically ill-structured rather than well-structured, meaning there are fewer 

constraints and often multiple solutions. Therefore, engineering students might not apply 

the knowledge gained in school to work places. Besides, previous studies have 

recognized that analogy is an essential cognitive strategy from which to draw innovative 

solutions (Chisholm, 1990; Ball et al., 2004). However, it has not been explored 

vigorously by comparing experts and novices in their different cognitive strategies when 

solving a task, such as analogical thinking. In this study, I will use a framework of 

comparison of expert and novice approach, between domain (schema-driven) analogy vs. 

within domain (case-driven) analogy, giving an ill-structured problem to observe whether 

experts and novices show significant differences when approaching a solution for a given 

task. Self-efficacy will be measured as well using a survey to find the relationship 

between self-efficacy and types of analogies that two groups use. The findings will be 

helpful to improve the curriculum of engineering education especially enhancing 

students’ cognitive strategy for engineering designs.  
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Method 

Participants 

This study will begin with five Participants for each group. They will be selected 

using purposive sampling.  Participants who are considered experts will be graduate 

students and faculty members in mechanical engineering or civil engineering at the 

University of Texas at Austin. Novices will be undergraduate students, especially 

freshman and sophomore students who are either mechanical engineering or civil 

engineering majors. The age range of total participants will be between 19 and mid 50s. 

Participants can be female or male. Their ethnicity will be diverse (e.g., white, Asian, 

Latino, African-American) mirroring the distribution within the institutional population 

of UT Austin. Participants will be briefed about the purpose and process of the study and 

asked for their signed consent to participate, according to the protocol of the Human 

Subject Review Board of the University of Texas at Austin. 

 

Measures and Data to be Collected 

Task protocol. Participants will be invited to design a package to deliver fish to a 

distant place. Packaging is commonly seen in everyday situations so both novices and 

experts are familiar with it and can easily be engaged in the problem. Fish was chosen 

because multiple aspects must be considered in order for fish to be delivered safely from 

one place to another. Setting a destination as a distant place is an unclear goal so that 

participants can set their own criteria about the final destination, and each can approach 
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the task with a different perspective. The task protocol sheet for conducting the trials is 

attached in Appendices.  

Participants will solve the given task individually. The clinical interview will be 

performed concurrently during the process of solving the task. The questions during the 

interview were based on the checklist from “Entering the Child’s mind” (Ginsberg, 

1996). The checklist was revised for adult respondents. The interviewer will take notes 

while participants are solving the task and audio recordings made. Self-efficacy survey 

will be distributed after the interview. After audio recording their interviews, with the 

consent of the interviewee, a transcription will be made. The notes taken for each 

participant will be analyzed as follows in order to compare novices and experts.   

 

Data Analysis 

Coding strategies. Coding of transcript data will flag how many times each 

participant uses within domain (case-driven) analogies (i.e., using the case of a water 

pool to design a package to deliver the fish) and between domain (schema driven) 

analogies (i.e., using a triangular shaped package as a more resistant package based on 

experience from a robotics project) while solving the task. Frequencies will be counted 

and calculated to determine average frequencies for each type of analogy for experts and 

novices. Code descriptions are shown below: 
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Analogy Between domain 

(schema-driven) 

-analogies about ideas originated from two 

different domains but used to solve same 

functional issues. (Ball et al., 2004; Hey et al. 

2008; Dixon et al., 2011 p.49) 

e.g. comparing package design to the one from 

other fields, using materials that are used not for 

package. 

 Within domain 

(case-driven) 

-originated from the same domain and used for 

a problem that can be solved by the same 

solution approach that has been already used 

from the previous experience (Ball et al., 

2004;Hey et al. 2008; Dixon et al., 2011) 

e.g. analogies from package, waterpool, fish 

tank. 

 

 Self-efficacy survey. A self-efficacy survey will be used to find if there are any 

differences between experts and novices in their level of self-efficacy and if participants 

of different self-efficacy produce different types of analogies. Because self-efficacy is 

enhanced by mastery experience in one’s past (Reeve, 2009), I will use a self-efficacy 

survey to measure participants’ level of self-efficacy relative to the task and their beliefs 

about their expertise. The self-efficacy scale is attached to appendices. 
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Expected Findings, Limitations, and Study Significance 

One of the expected findings would be that expert participants will use analogies 

more frequently in general compared to novice participants, and they will use more 

complex between- domain analogies when solving the task. Moreover, expert participants 

will have higher self-efficacy than novice participants. Finally, it is possible that I will 

find an association between self-efficacy and the types of analogies that participants use. 

Potential limitations of this study are related to the clinical interview. Because 

participants may not be native English speakers (a common characteristic of engineering 

populations at a university), it is possible that there would be miscommunication during 

clinical interviews, and there might be limitations when probing participants’ cognitive 

processes. Also, the sampling method is purposive; therefore, it might not be possible to 

generalize the results. Nonetheless, the findings of this study might help to improve the 

curriculum of engineering education, especially for facilitating cognitive strategies in a 

way of more expert-like for engineering design. In addition, further research is needed to 

establish whether novices who have high self-efficacy benefit differently from these 

curriculum innovations than novices with low self-efficacy.  
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Appendices 

Appendix A: Email Flyer 

 

Dear prospective participant, 

 

I am recruiting participants for a research study on engineering problem solving 

techniques and would appreciate your consideration in participating in this study. The 

results of this study will be used to better inform and improve techniques used in 

engineering education in order to better prepare students for solving real-world problems 

upon graduation.   

 

Participation will require 30-60 minutes of your time.  

 

Please email either Damji Heo (hdj514@gmail.com) reply to this email, or 

call/text 512-000-0000 to let me know you can participate. We will contact you and find 

a time and location that is convenient for your schedule to meet.  

 

Thank you for your time. I look forward to hearing from you. 

 

 

 

 

 

 

 

 

 

 

 

 



 19 

Appendix B: IRB form 

  
IRB USE ONLY 

Study Number: 2013-01-0034 

Approval Date:  

Expires: 

 

Consent Form 

< Engineering Education Study > 
You are being asked to take part in a research study of how people use analogies when 

they are involved in an engineering design task. Please read this form carefully and ask 

any questions you may have before agreeing to take part in the study. 

 

What the study is about: The purpose of this study is to learn how people use analogies to 

solve a given task. The findings may be used to contribute to the development of 

curricula in engineering education. You must be an undergraduate or graduate student or 

faculty member in civil /mechanical engineering field to participate in this study. 

 

What we will ask you to do: If you agree to be in this study, we will conduct an interview 

with you in which you are involved in a given task. Before being provided with a task, 

you will be asked about your degree status, what year you are in, and if you are an 

undergraduate or graduate student. When you begin a task, we will ask you how are 

coming up with ideas for a solution to the task, what considerations you are making to 

meet the requirements of a task, and why are you mentioning any specific cases, 

examples, ideas or theories throughout this process. When you finish designing, we will 

ask you follow up questions such as why you think it is an effective, efficient solution 

and what considerations you made in coming up with this solution and ask you to 

describe the advantages and disadvantages of the design. The interview will take about 

30 minutes (60 minutes maximum) to complete. With your permission, we would also 

like to audio-record and video record you while you are involved in a task. 

 

Risks and benefits: We do not anticipate any risks to you participating in this study other 

than those encountered in day-to-day life. There will be no benefits to you by 

participating in our research. 

 

Compensation: As a participant in this study, your name will be entered into a drawing of 

participants upon completing the study’s interview to receive a $25 giftcard from 

Starbucks. Upon the completion of the study’s interview phase, we will draw names at 

random and notify you by email if your name has been drawn, and arrange a time for you 

to pick up your giftcard. 

 

Your answers will be confidential. The records of this study will be kept private. In any 
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sort of report we make public, we will not include any information that will make it 

possible to identify you. Research records will be kept in a location where only a 

principal investigator and co-investigator can access. The notes taken during the task will 

not contain any private information. The audio record files will be deleted completely 

after transcription, which we anticipate will be within two months of its recording. Video 

records will be used only if it contains any crucial data for our research study. The 

consent forms will be kept until we finish this study, which we anticipate until the end of 

August, 2014. 

 

Taking part is voluntary: Taking part in this study is completely voluntary. You may skip 

any questions that you do not want to answer. If you decide not to take part or to skip 

some of the questions, it will not affect your current or future relationship with the 

University of Texas at Austin. If you decide to take part, you are free to withdraw at any 

time. 

 

If you have questions: The researchers conducting this study are Damji Heo. Please ask 

any questions you have now. If you have questions later, you may contact Damji Heo at 

aaa@aaa.com or at 1-512-000-0000. If you have any questions or concerns regarding 

your rights as a subject in this study, you may contact the Institutional Review Board 

(IRB) at 1-512-471-8871 or access their website at 

http://www.utexas.edu/research/rsc/humansubjects/. You will be given a copy of this 

form to keep for your records. 

 

*If it becomes necessary for the Institutional Review Board to review the study records, 

information that can be linked to you will be protected to the extent permitted by law. 

Your research records will not be released without your consent unless required by law 

or a court order. The data resulting from your participation may be made available to 

other researchers in the future for research purposes not detailed within this consent 

form. In these cases, the data will contain no identifying information that could associate 

it with you, or with your participation in any study. 

 

Statement of Consent: I have read the above information, and have received answers to 

any questions I asked. I consent to take part in the study. 

 

Your Signature ___________________________________  

Date ________________________ 

Your Name (printed) ___________________________________________ 

In addition to agreeing to participate, I also consent to having the interview audio-

recorded and video- recorded. 

Your Signature ___________________________________  

Date _________________________ 

Signature of person obtaining consent ______________________________  

Date _____________________ 

http://www.utexas.edu/research/rsc/humansubjects/
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Printed name of person obtaining consent ______________________________  

Date _____________________ 
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Appendix C: Task Protocol 

 

<Task> 

Many live fish, particularly tropical fish, are shipped overseas or across the U.S. long 

distances, from fish suppliers to fish sellers, in order to sell fish in stores. Currently there 

are not universal regulations on how fish are shipped. In an effort to reduce costs, 

supplier companies often use low-cost methods to reduce shipping weight and size. 

However this often results in significant in losses in live fish during shipment, and 

possible damage to other packaging due to water leakage.    

You are a consulting engineer that was recently hired by FedEx to develop a better 

standard for packaging for how live fish are shipped.  This standard will require all live 

fish to be packaged according to the regulations you recommend. You may recommend 

any materials or methods that you wish, however keep in mind that this recommendation 

must be approved by a board of FedEx reps, fish suppliers, and regulatory employees, so 

it must be reasonable, but innovation is necessary for them to accept your 

recommendations. 

You must recommend a standard that suppliers will use to package their live fish using 

FedEx. This must include. You may indicate if the standard requires (obligatory) or 

recommends (recommended but not required) these features: 

- Size of the box/container to ship the fish in  

- Materials used to make the box/container 

- Requirements for making sure the fish are not damaged and water doesn't leak out to 

surrounding packages during shipment. 

- Any features the container should have to control the temperature /control temperature 

changes. 

You must justify your recommendations by providing details/reasoning on why you 

design the package based on these four elements. 
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Appendix D: Questions checklist 

 

examples of questions asked by researcher during task completion 

 

 Begin with a prepared protocol 

 Understand the domain under investigation. 

 Prepare specific tasks with which the child can engage. 

 Prepare open-ended questions. 

 Explain the purpose of the interview.  

 Ask the fundamental question. 

 Remain silent when necessary. 

 Echo and reflect. 

 Ask for justifications. 

 Explore interesting leads. 

 Rephrase the question.  

 Repeat and review tasks. 

 Probe unclear responses. 

 Offer countersuggestions. 

 Conduct appropriate experiments. 

 Encourage the child’s way of solving problems.  

 Avoid talking too much. 

 Avoid leading questions. 

 Avoid unnecessary corrections and teaching. 
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Appendix E: Self- Efficacy Survey 

 

To what extent does each statement apply to your situation? Indicate a 1 if the 

statement does not apply to you up to 5 is the statement is very true of you. 

 

1.I was confident when 

I used other cases to 

solve this task. 

1 2 3 4 5 

2.I know I have the 

expertise to solve this 

task 

1 2 3 4 5 

3.I believe that the 

design that I came up 

with in this problem 

would be actually 

useable in the real 

world 

1 2 3 4 5 

4.I am confident in my 

skills as a 

civil/mechanical 

engineer. 

1 2 3 4 5 

5. I have had success in 

engineering projects in 

which I designed the 

product by myself. 

1 2 3 4 5 
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