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A MULTI-CASE STUDY ON THE TRANSFER OF ENGINEERING 

LEARNING BETWEEN CAPSTONE AND WORK 

Logan A. Perry 

Abstract 

One of the core aims of education is to prepare students who have the ability to leverage 

their learning beyond the classroom. This is particularly important during the transition between 

school and work, a period where recent graduates are expected to apply what they have learned 

in an educational context to address real-world problems. In engineering programs, capstone 

courses are typically designed to facilitate this process. By asking students to synthesize and 

apply both technical knowledge and professional skills in a practical application, these courses 

have come to play a pivotal role in preparing students for work. However, for capstone courses 

to be effective at accomplishing what they were designed to do, students must be able to transfer 

what they have learned in capstone into the workplace. Existing scholarship on transfer tends to 

focus on identifying the mechanisms by which transfer occurs, typically through experimental 

studies. Yet, few studies have thoroughly examined the transition between capstone and work, 

and even fewer have begun to ask what knowledge, skills, and attributes (KSAs) are transferring 

between the two contexts.  

The purpose of this qualitative multi-case study was to understand the nature of transfer 

between capstone and work among recent engineering graduates entering the workforce. Using 

Actor-Oriented Transfer as a theoretical lens, this study prioritized participants’ interpretations of 

what transfers between the two contexts instead of the researchers’ perception of what should be 

transferring. The perspectives of eight recent graduates from mechanical engineering and 

engineering science programs at four institutions were analyzed in the study. Using weekly 

reflective journals and interviews that took place three, six, and twelve months after beginning 

employment, data was analyzed to (1) identify instances of successful transfer and (2) determine 

what factors enable or inhibit transfer between capstone and work. Four types of KSAs emerged 

from the analysis: interpersonal skills, analytical skills, strategizing skills, and disposition. 

Additionally, the cross-case analysis revealed that four main factors influence transfer: access to 

support and resources, project structure, contextual differences, and attitudes.      

This study highlights the nature of transfer between capstone and work and draws attention 

to the primary types of transfer and factors that affect transfer between these two contexts. In 

addition, it emphasizes the importance of shifting the narrative away from experimental studies 

of transfer by prioritizing participant perceptions through a qualitative multi-case methodology. 

The results of this study have implications for researchers, instructors, and employers with an 

interest in the success of engineers during their critical transition from school to work.  
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General Audience Abstract 

One of the core aims of education is to prepare students who have the ability to leverage 

their learning beyond the classroom. This is particularly important during the transition between 

school and work, a period where recent graduates are expected to apply what they have learned 

in an educational context to address real-world problems. In engineering programs, capstone 

courses are typically designed to facilitate this process. By asking students to synthesize and 

apply both technical knowledge and professional skills in a practical application, these courses 

have come to play a pivotal role in preparing students for work. However, for capstone courses 

to be effective at accomplishing what they were designed to do, students must be able to transfer 

what they have learned in capstone into the workplace. Though many studies on transfer exist in 

current literature, few studies have thoroughly examined the transition between capstone and 

work, and even fewer have begun to ask what knowledge, skills and attributes (KSAs) are 

transferring between the two contexts.  

The purpose of this study was to understand the nature of transfer between capstone and 

work among recent engineering graduates entering the workforce. Using a multi-case study 

design, this study prioritized participants’ interpretations of what transfers between the two 

contexts instead of the researchers’ perception of what should be transferring. The perspectives 

of eight recent graduates from mechanical engineering and engineering science programs at four 

institutions were analyzed in the study. Using weekly reflective journals and interviews that took 

place three, six, and twelve months after beginning employment, data was analyzed to (1) 

identify instances of successful transfer and (2) determine what factors enable or inhibit transfer 

between capstone and work. Four types of KSAs emerged from the analysis: interpersonal skills, 

analytical skills, strategizing skills, and disposition. Additionally, the analysis revealed that four 

main factors influence transfer: access to support and resources, project structure, contextual 

differences, and attitudes.      

This study highlights the nature of transfer between capstone and work and draws attention 

to the primary types of transfer and factors that affect transfer between these two contexts. In 

addition, it emphasizes the importance of using interviews and other qualitative methods to study 

transfer. The results of this study have implications for researchers, instructors, and employers 

with an interest in the success of engineers during their critical transition from school to work.  
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Chapter 1 -  Introduction 

1.1 Motivation 

Engineering is a field that touches almost all facets of society. In 2016, there were 6.9 

million scientists and engineers employed in the U.S., making up 4.9% of the total workforce 

(Sargent, 2017). The Bureau of Labor Statistics estimates that almost 140,000 new engineers will 

be needed to enter the workforce by 2026 (U.S. Bureau of Labor Statistics, 2018). Furthermore, 

with advances in technology, communication, and science, engineers are expected to solve 

“global problems of unprecedented scope and scale” (Vest, 2008, p. 235). As the field of 

engineering continues to grow in numbers and importance, higher education is facing a steep 

challenge to prepare tomorrow’s engineers for their crucial role in the U.S. economy and society 

at large. 

 

1.1.1 Engineering Graduates’ Preparedness 

Despite consensus around the growing need for engineers, several reports published in 

the last 15 years suggest that engineering graduates are not always fully prepared to be 

successful at work. In 2012, the American Society of Mechanical Engineers (ASME) published 

their Vision 2030 report, citing a lack of practical experience, inter-personal skills, problem-

solving ability, and creativity skills in graduates (ASME, 2012). In 2013, the American Society 

for Engineering Education (ASEE) issued a report titled “Transforming Undergraduate 

Education in Engineering” which highlighted the attributes industry seeks from engineering 

graduates. Industry representatives claimed that “engineering schools are heavily influenced by 

academic traditions that don’t always support the profession’s needs” (ASEE, 2013, p. 5). They 

seek a “T-shaped” engineer who brings “broad knowledge across domains and the ability to 

collaborate within a diverse workforce as well as a deep expertise within a single domain” 

(ASEE, 2013, p. 2). Stakeholders like these would argue that this type of engineer is not 

commonly found among recent graduates.  

 Reports like those published by ASME and ASEE have been written for over a century, 

pushing engineering education to constantly revise its curriculum. In 1918, the Mann Report was 

published and was one of the first national reports to highlight the need for change within 
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engineering education. Calling for a more direct focus on practical application, Mann suggested 

the addition of shop, machine, and manufacturing courses to provide graduates with the skills 

needed to contribute to industrial production (Mann, 1918). Over time, however, this push 

toward practical application faded and made way for a new focus on the engineering sciences 

(Froyd, Wankat, & Smith, 2012). Reports like the 1923 Wickenden Report and the 1955 Grinter 

Report highlighted the need for a broader engineering education that includes a strong scientific 

emphasis (Grinter, 1955; Wickenden, 1930). This was further promoted in 1968 with the 

publication of the Goals of Engineering Education Report, where the authors acknowledged the 

trend of common first-year programs at many institutions, most of which boasted courses in 

economics, management, and humanistic studies (Walker, Pettit, & Everitt, 1968). However, by 

the 1980s, the subject of competency shortfalls began to reverse yet again. Specifically, there 

was renewed concern that engineering graduates did not have sufficient practical knowledge to 

understand and design modern technology (Dutson, Todd, Magleby, & Sorensen, 1997). Thus, 

engineering school were called to adjust.  

These reports have pushed for change within engineering education for decades. Shifting 

back and forth between an emphasis on practical application and a broad, science-based 

education, they have continually fluctuated on what should be emphasized in the engineering 

curriculum. Whether pushing for additional machining classes or a stronger theoretical 

knowledge of physics, this literature has highlighted the perceived shortcomings of engineering 

graduates and the dynamic nature of engineering education. As curricular changes were 

implemented, critiques continued to fluctuate, moving back and forth over the course of the last 

100 years. Yet, despite some gaps in knowledge among engineering graduates (Korte, 2009; 

Korte, Brunhaver, & Sheppard, 2015), students graduating from programs across the country 

continue to be hired in engineering industry. In fact, employment opportunities for engineering 

occupations continue to rise (U.S. Bureau of Labor Statistics, 2018). If this is the case, why are 

engineering graduates continually hired if they are not adequately prepared? To answer this, 

conversations about the transition between school and work must move beyond whether or not 

students are prepared to enter the workforce to focus on better understanding how recent 

graduates transition between these two spaces.  
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1.1.2 Capstone Courses  

Capstone courses are of central importance in the discussion on transitions. In 

engineering programs, capstone courses are designed to bridge the gap between school and work, 

helping students prepare for their role in the workplace. Created in response to critiques about 

students not having sufficient practical knowledge for the industry roles they will assume after 

graduation (Dutson et al., 1997), these courses have become commonplace in engineering 

programs for the past four decades. In particular, they satisfy accreditation requirements to create 

“a major design experience based on the knowledge and skills acquired in earlier course work 

and incorporating appropriate engineering standards and multiple realistic constraints” 

(Accreditation Board for Engineering and Technology, 2018, p. 6). Typically taken during the 

engineering student’s senior year of their undergraduate education, capstone courses provide 

students the opportunity to engage in open-ended projects that simulate real-world work 

experiences, exercising a blend of previously attained and new knowledge (Pembridge & Paretti, 

2010). By asking students to synthesize and apply both technical knowledge and professional 

skills in a practical application, these courses are essential for teaching students how to integrate 

communication skills (such as writing and speaking) with technical course content  (Paretti, 

2008). Simply put, capstone courses have come to play a pivotal role in preparing students for 

work. However, for capstone courses to be effective at accomplishing what they were designed 

to do, students must be able to bring what they have learned from these courses into the 

workplace. In other words, the learning that happens in one context must move to another. 

Broadly speaking, leveraging ideas acquired in one context in response to an opportunity or 

challenge presented in a new context is called transfer. This phenomenon is the focus of this 

study. 

 

1.1.3 Transfer 

In the context of learning, transfer refers to the use of prior knowledge or ideas in a new 

situation. In teaching students, no matter the subject, educators hope that whatever is learned is 

carried forward to future contexts and applied as necessary (Bransford & Schwartz, 1999; S. 

Leberman, McDonald, & Doyle, 2006). Desse (1958) claimed “there is no more important topic 

in the whole psychology of learning than transfer of learning…Practically all educational and 
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training programs are built upon the fundamental premise that human beings have this ability to 

transfer what they have learned from one situation to another” (p. 213). At its core, transfer is the 

very foundation of education and learning (Haskell, 2001), and a critical component of the 

transition between capstone and work.  

Yet, despite its importance, there is little consensus on the definition of transfer, how it 

functions, or how it should be studied (Beach, 1999; Lave, 1988). Scholars have debated the 

meaning and mechanics of transfer for decades, but still have little understanding of how and 

when it occurs (Beach, 1999). Existing literature includes at least 10 different types of transfer 

(Leberman et al., 2006; Mestre, 2005) and many theories that attempt to explain how it works 

(Beach, 1999; Judd, 1908; Thorndike, 1903). Though many studies have explored the 

phenomenon in an experimental setting that is largely guided by the researchers’ expectations for 

what should transfer (Bransford & Schwartz, 1999), few have explicitly considered or prioritized 

participants’ perspectives (Lobato, 2012). In addition, transfer has seldomly been explored in the 

context of engineering, particularly during the pivotal transition between school and work. This 

is especially surprising due to the persistent emphasis in national reports on ensuring engineering 

graduates are prepared for their roles in the workplace (ASEE, 2013; ASME, 2012). This begs 

the question: what role does transfer play during this transition from engineering school to work? 

More importantly, what knowledge, skills, and attributes are transferring between the two 

contexts? This study will begin to address these questions and shed light on the important role 

transfer plays as engineering students shift to become employable engineers. 

 

1.2 Study Overview & Significance 

The purpose of this multi-case study is to investigate the nature of transfer between 

engineering capstone courses and the first year of engineering work. This phenomenon will be 

explored via interviews collected from recent engineering graduates who participated in a 

National Science Foundation (NSF) funded study (hereafter referred to as the Capstone to Work 

(C2W) project). Using Actor-oriented theory (Lobato, 2012) as a guiding framework, the aim of 

this study is to elucidate what recent engineering graduates perceive transferred between 

capstone and work and understand the factors that enable or inhibit the transfer process.  
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By addressing these points, this research will advance our understanding of transfer 

between engineering capstone and work, highlighting this new knowledge through the lens of 

recent graduates undergoing this transition. The findings of this study have potential implications 

for students, educators, employers, and researchers in both the classroom and workplace 

contexts. Students pursue a degree in higher education because of the outcomes they hope their 

education will provide. While studying within a specialized field, they hope to graduate with the 

knowledge, skills, and ways of being that are necessary to be a member of a profession, a 

competitive candidate on the job market, and ultimately, successful throughout their careers. 

This success relies on a productive transfer of learning between contexts. This study will 

contribute to an understanding of what makes this productive.   

Furthermore, educators have a vested interest in ensuring their students can transfer their 

learning beyond the classroom. Since the students who become employees have the lived 

experience of learning in the classroom and leveraging these insights in a new setting, they have 

the best perspective on how this process works. In turn, understanding their perceptions of what 

does and does not transfer between capstone and work has important implications for the 

capstone experience. Areas of the curriculum that are found to transfer can be emphasized and 

reinforced. Moreover, if it turns out that certain desired competencies are not transferring to the 

workplace, curricular changes can be made to achieve the desired outcome. Conversely, if other 

competencies are transferring and hindering participants’ performance in their future roles, 

course material can be reframed to be taught in a more applicable way. Thus, an understanding 

of what is and is not transferring between these contexts provides critical information that 

educators can use to improve and refine their practices.  

Engineering employers want to hire and invest in graduates that can succeed on the job. 

Companies seek employees who are prepared to leverage the knowledge they gained throughout 

their education and build upon it to excel at the job they were hired to perform. This requires 

students to transfer their knowledge and generalize their learning in a new context.  A better 

understanding of transfer allows employers to create spaces that encourage transfer, fostering 

environments that draw connections to the classroom to increase the productivity of their new 

employees.  
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Finally, researchers have a vested interest in understanding the most productive ways to 

study transfer. This study takes a different approach to transfer as compared to other research; 

though many scholars have chosen to use experimental techniques to investigate the presence of 

transfer, this study uses a qualitative approach that prioritizes participant perceptions (Lobato, 

2012). Therefore, this study has implications for how transfer is studied and will provide insights 

on the advantages of this approach.  

In summary, students, educators, employers, and researchers all have a vested interest in 

students’ ability to transfer their learning from capstone to the workplace. As such, a study that 

contributes to a better understanding of transfer during this critical transition is beneficial for all 

parties involved and has important implications for how engineering graduates are trained and 

supported.   

 

1.3 Dissertation Overview 

This chapter presented the problem motivating this study and provided an overview of the 

purpose, methods, and significance of the proposed work. Chapter 2 provides a survey of 

relevant literature on transfer. Beginning with a general overview, the chapter reviews the history 

of transfer and examines scholarship pertaining to transfer at both school and work. Next, 

Chapter 3 details the methodology of this study. Beginning with a description of the overarching 

research design, the chapter presents the theoretical framework guiding the analysis and each of 

the phases planned for this study. Chapter 4 details the results of the study and will summarize 

the findings by grounding them in data gathered from participants. Chapter 5 will discuss the 

results in the context of available literature and present implications for stakeholders affected by 

transfer between capstone and work. Finally, Chapter 6 will provide recommendations for future 

studies that will continue to investigate the complex phenomenon of transfer during this critical 

transition.  
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Chapter 2 -  Literature Review  

  The following literature review will provide an overview of scholarship pertaining to 

transfer. Divided into three sections, the chapter will provide (1) an overview of transfer; (2) a 

discussion of the historical context of transfer, including major theories and contributors; and (3) 

a short summary of research conducted on transfer in the context of the engineering school to 

work transition.  

 

2.1 Overview of Transfer 

Transfer is the act of conveying from one person, place, or situation to another. Though 

this general definition captures movement between situations, this dissertation is particularly 

focused on how learning transfers from one context to another. Beach (1999) defines the transfer 

of learning as “the appearance of a person carrying the product of learning from one task, 

problem, situation, or institution to another” (p. 101). Similarly, Mestre (2005) defines it as “a 

situation where information learned at some point in time influences performance on information 

encountered at a later point in time” (p. vii). What these definitions have in common is that the 

transfer of learning occurs when past learning affects learning or performance in a new situation.  

Transfer is a frequently debated topic with various types and subcategories. Existing 

literature presents many contrasting types of transfer, including positive vs. negative; near vs. 

far; literal vs. figurative; lateral vs. vertical; a low road vs. high road (Haskell, 2001; Leberman 

et al., 2006; Mestre, 2005). Table 2-1 summarizes these major types. Each of these types has 

subtle differences that have implications for how a transfer task is defined and classified. 
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Table 2-1 - Types of transfer 

Type of 

Transfer 
Description 

Positive When learning or experience in one context improves performance in 

another context 

Negative When prior learning or experience inhibits learning in a new context 

Near When learning transfers between similar tasks 

Far When learning transfers between tasks that share few or no similarities 

Literal When intact knowledge transfers to a different situation  

Figural When learning is applied to a new situation, often using similes or 

metaphors 

Lateral When learning is applied to a different context with a similar level of 

complexity 

Vertical When learning is applied to a different context with a higher level of 

complexity 

Low Road When learning transfers automatically, or with very little effort  

High Road When learning transfers deliberately or with greater amounts of thought 

 

Though depicted in separate rows, the types of transfer listed in this table are not mutually 

exclusive and often overlap. For example, if someone uses the skills they learned regarding the 

consideration of alternatives in the engineering design process to make investment decisions, this 

could be categorized as both positive transfer (the original learning improved performance in the 

new context) and far transfer (the two situations had little resemblance). On the other hand, if a 

student learning English understood that verbs associated with a singular subject typically have 

an ‘s’ at the end, but assumed that this was also true with the subjects ‘I’ or ‘you,’ this could be 

classified as both negative transfer (the original learning hindered learning at a later point in 

time), and near transfer (the tasks are similar). As a whole, the types of transfer listed in Table 

2-1 lay the groundwork for the rich body of literature available on the subject, drawing attention 

to the diversity of perspectives proposed over the last century. While some scholars suggest that 

transfer is ubiquitous, occurring frequently in our everyday lives (Beach, 1999), others contend 

that transfer is rare, if not wholly inappropriate as a metaphor for learning (Detterman & 

Sternberg, 1993). The scholarship synthesized in the remainder of this literature review will draw 
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attention to this and other debates to provide context for the role transfer plays in the transition 

between school and work.  

 

2.2 Historical Context 

Scholarship on transfer extends back 100 years. During this time, scholars have debated 

the mechanics of this phenomenon, questioned its prevalence, and some have even contested its 

appropriateness in the context of learning. Beginning with the classical approaches, the 

discussion below presents a historical report of how the transfer literature has evolved. It 

concludes with a discussion of the cognitive approaches and expanded theories from more recent 

literature.  

 

2.2.1 Classical Approaches 

To properly understand the diverse set of transfer theories used in modern educational 

research, a discussion of several of the original theories must first be considered. Deemed the 

classical approaches, this section explores three of the most commonly discussed theories of 

transfer that paved the way for more modern conceptualizations of the phenomenon.  

 

2.2.1.1 Formal Disciplines Model 

Born out of ancient and classical educational theory, the formal disciplines model of 

transfer posited that training in formal disciplines strengthened the mind, giving it the ability to 

transfer what is learned to other situations (Haskell, 2001). The model suggested that each 

discipline, such as mathematics or astronomy, consists of an internal structure that mimics our 

internal cognitive structures, which are often referred to as “faculties”. By learning a formal 

discipline and its associated structure, the mind develops faculties such as memory, attention, 

and judgement, leveraging its ability to apply this structure to everyday problems (Leberman et 

al., 2006). Said differently, transfer was assumed to occur automatically as a result of learning a 

subject. Consequently, education was less focused on the acquisition of content, but instead on 

how it trained the mind. For example, the formal disciplines model of transfer would suggest that 
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learning Latin strengthens the learners’ faculties, giving them the ability to learn any other 

language, such as English or French (Schneider, 1974). Similarly, courses in logic were assumed 

to teach people how to think. Unfortunately, however, there was very little research to 

substantiate these claims (Haskell, 2001). Most modern scholars agree that the formal disciplines 

model is incorrect – we cannot assume that transfer occurs automatically when a subject is taught 

or learned (Perkins & Salomon, 1989). Doing so ignores the unique elements of each subject and 

the context in which it is learned. Despite its shortcomings, however, the formal disciplines 

model provided a starting point for research on a highly complex phenomenon, making way for 

other approaches, such as the identical elements model.  

 

2.2.1.2 Identical Elements Model 

Contributing to the disproval of the formal disciplines model was the identical elements 

model, which began to gain popularity at the turn of the twentieth century. It was conceived by 

psychologists Edward Thorndike and Robert Woodworth, who suggested that transfer would 

only occur when there is a common set of elements between learning tasks (Thorndike & 

Woodworth, 1901). In one experiment, Thorndike asked participants to estimate the size of 

rectangles within a specific range, and then asked them to estimate the size of triangles or 

rectangles within a different size range. The formal disciplines model would suggest that 

participants should perform well on the second set of activities, given that the first trains the 

mind. However, in reality, this proved to be untrue – participants performed less than half as well 

and did not correctly estimate the sizes (Thorndike, 1913). Thorndike and Woodworth postulated 

that the poor performance could be attributed to the small number of identical elements between 

the two sets of tasks. Furthermore, they suggested that as the number of identical elements 

(sometimes called stimulus features) between two learning situations increased, so would the 

level of transfer. Thus, the more two situations have in common, the more useful the original 

learning situation is in the new learning situation. Thorndike had no evidence to prove the 

relationship between stimulus features and transfer until research in stimulus generalization was 

conducted many years later (Haskell, 2001). Studies on this topic were conducted with both 

human and animal subjects. In one example, a conditioned dog was trained to salivate upon 

hearing a 500Hz tone. As the frequency of the tone was changed in 25Hz increments, the level of 
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salivation was found to increase or decrease with the peak at 500Hz (Mestre, 2005). This study 

provided the evidence Thorndike needed to illustrate that there was a stimulus relationship 

between the original task and a new task, supporting his theory that the number identical 

elements (or stimulus features) affected the degree of transfer. Thorndike was studying what is 

referred to today as near transfer (see Table 1).  

The identical elements model had a heavy influence on educational methods for several 

decades (Mestre, 2005). Educators were encouraged to design classroom activities that were 

similar to situations experienced in the real-world, hoping to theoretically increase transfer. 

Unfortunately, however, the approach lost popularity as a major shortcoming was identified – 

specifically its inability to account for transfer when no identical elements are present (Haskell, 

2001). For example, though encyclopedias and goldmines have very little in common, most 

English speakers are able to recognize the metaphorical relationship between the two, 

specifically comparing the valuable gold that comes from a mine to the metaphorical richness of 

the information found in an encyclopedia (Mestre, 2005). However, with no obvious similarities, 

the identical elements model has little to offer in terms of explaining this phenomenon. Simply 

put, the identical elements model is only able to account for instances of near transfer and 

ignores other types of transfer, such as far transfer and lateral transfer, as discussed in Table 2-1. 

With such an unexplainable shortfall, other transfer approaches began to gain popularity. 

 

2.2.1.3 General Principles Model 

One scholar by the name of Charles Judd questioned the theory of identical elements and 

proposed another model of transfer, often referred to as the general principles model. This 

approach suggests that transfer occurs by understanding the general principles that undergird a 

phenomenon, rather than identical elements alone (Judd, 1908). In one of his experiments, Judd 

asked several groups of children to throw darts at an underwater target. While the experimental 

group was taught about the principle of refraction, the control group received no guidance. Judd 

tested for transfer by asking each group to hit the targets at various depths and counting the 

instances when it was successfully hit. The experimental group hit the target much more 

frequently, leading Judd to conclude that an understanding of general principles facilitated the 

transfer process (Judd, 1908). Judd’s general principles model bears some resemblance to the 
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formal disciplines model, primarily in that it accounts for what is taking place in the learner’s 

head, as opposed to considering the featural similarity of the learning situations alone. Today, the 

general principles model has largely taken the place of the formal disciplines model in the debate 

against the theory of identical elements. Perhaps more importantly, it led the way for other 

conceptualizations of transfer, known as the cognitive approaches.  

 

2.2.2 Cognitive Approaches 

Rather than depending solely on the similarity of two instances – as in the case of the 

identical elements method – some scholars were thinking of new ways to explain transfer that 

also considered conceptual similarity. Broadly termed the ‘cognitive approaches,’ these theories 

were concerned with what was happening in the mind of the learner during transfer. Dividing the 

cognitive system into short-term, long-term, and sensory memory, these cognitive approaches 

provided a new way of thinking about the mind’s role in conceptualizing learning (Mestre, 

2005). As such, researchers began to investigate the structure and function of the mind as it 

relates to transfer, establishing several models in the process, some of which are still used today. 

 

2.2.2.1 Information-Processing Model  

Developments in computing technology led to the creation of the information-processing 

model. Likening the mind to a computer, the model divides transfer into three steps: input, 

process, and output. In this way, the mind takes in information, processes it, and enables it to be 

retrieved and applied at a later time (Leberman et al., 2006). In general, the information-

processing model is useful for explaining theories like the identical elements approach. If two 

learning situations share similar features, stimulus cues that were encoded in the original learning 

situation are retrieved when they are recognized in the transfer context. Though this model is 

useful for explaining instances of near and low road transfer, it fails to account for the more 

complex types of transfer (such as far transfer and figural transfer) listed in Table 2-1. Still, the 

information-processing model was one of the first approaches to provide a cognitive explanation 

for how transfer occurs.  

 



13 

 

2.2.2.2 Schema Theory 

Central to the information-processing model and its corresponding approaches is schema 

theory. This theory is concerned with how the brain organizes and structures knowledge (Reed, 

1993). When a person faces a new learning situation, they make sense of the information being 

presented using mental models that are already constructed in their mind. These models, or 

schemas, were constructed during earlier learning events, and represent how the learner sees the 

world (Leberman et al., 2006). These schemas may be explicit and directly understood by the 

learner, or they may be tacit and poorly understood. In either case, these mental models affect the 

way the learner understands new learning situations.  Thus, transfer occurs when the learner 

makes a connection between a new learning situation and the mental models they have 

constructed during previous learning situations.  

 

2.2.2.3 Metacognition Model 

Situated in the education space, the metacognition model is a cognitive approach 

concerned with self-monitoring strategies and the ways in which learners use these strategies to 

direct their thinking across learning tasks (Belmont, Butterfield, & Ferretti, 1982; Borkowski, 

1985). Metacognition builds on schema theory in that it suggests learners must be aware of their 

own thinking processes to make connections between existing schema and new learning 

situations. For example, a learner may ask themselves questions to facilitate reflection on the 

learning process (Haskell, 2001). These questions have a heavy influence on the ways in which 

learners conceptualize the new learning situations, thereby affecting transfer. The metacognition 

model is particularly popular in the education space to find ways to promote transfer in the 

classroom. Cree (2000) acknowledged that “the way in which knowledge is organized through 

the teaching process is of key importance in terms of developing the learner’s own patterns of 

representing knowledge, and in enabling recall and retrieval strategies” (p. 12). Said differently, 

schema theory and metacognition are important topics for educators to understand, primarily to 

help them in organizing course content in such a way that promotes transfer.  
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2.2.3 Critiques of Existing Transfer Literature  

Many of the theories and studies on transfer discussed thus far have centered on the learner 

identifying similarities across two tasks, with these similarities typically being related to concrete 

identical elements or conceptual similarities. In most of this research, transfer was measured by 

the extent to which previously learned behaviors were repeated in new situations. However, 

despite the variety of transfer studies available, most scholars concluded that transfer was a poor 

metaphor to describe learning and cited various reasons for its inadequacy. Detterman and 

Sternberg (1993) argued that the literature up until that time was inadequate for two reasons: 

“first, most studies fail to find transfer. Second, those studies claiming transfer can only be said 

to have found transfer by the most generous of criteria and would not meet the classical 

definition of transfer” (p. 15). Broudy (1977) also expressed frustration with transfer, claiming 

that students often forget the facts they have learned and cannot apply their knowledge to solve 

new knowledge. In a similar manner, Beach (2002) cited three shortcomings, namely: 

1) transfer is no different from “just plain learning” (p. 40);  

2) transfer discusses the importance of mental representations and the external environment, 

but does not clearly understand nor explain the link between the two; and 

3) the creation of transfer environments is not considered to be a part of the transfer process, 

just supporting or conflicting with it.  

Beach claimed, however, that the most obvious shortcoming is in conflict with common sense, 

which would contend that generalizations from old tasks to new tasks must happen constantly in 

everyday life. Yet, formal studies on transfer indicate that transfer is rare and difficult to 

facilitate (Beach, 2002). However, despite these critiques, many argue that transfer is not rare, 

but instead needs to be expanded (Bransford & Schwartz, 1999). More specifically, Bransford 

and Schwartz (1999) argued that there was a need to reconsider popular beliefs about what 

constitutes evidence of transfer. 

Consider an example. One study cited by Bransford and Schwartz (1999) investigated the 

extent to which general education prepared fifth graders and college students for learning a new 

task. In the experiment, both groups were asked to create a plan to prevent bald eagles from 

going extinct. Based on their findings, the study indicated that no group created a satisfactory 

plan – neither the fifth graders nor the college students considered essential factors. For example, 
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one group suggested hand-feeding the baby eagles, but failed to consider the risk of the eagles 

imprinting on the humans involved in the feeding process. By traditional measures of transfer, 

the experiment would be considered a failure since neither plan contained critical elements 

needed for success. However, adopting a more holistic perspective revealed other evidence of 

transfer. More specifically, the college students focused on interdependence between the eagles 

and their habitats, asking questions such as “what type of ecosystem supports eagles?” and “do 

other animals need to be recovered in order to recover eagles?” (Bransford & Schwartz, 1999, p. 

67). A closer look indicated that these and similar questions were coming from other aspects of 

biology the students learned in other courses. Thus, though traditional methods of measuring 

transfer would determine that the plans were incomplete, and thereby concluding that no 

successful transfer occurred, a broader look indicated that transfer was occurring in more subtle 

ways. Research like this pointed to the need for newer, more robust conceptualizations of how 

transfer should be conceptualized and measured.  

 

2.2.4 Expanded Views of Transfer 

Many scholars have begun responding to this need for more expanded versions of 

transfer, thinking beyond the mainstream approaches discussed thus far. The following section 

will highlight several of these theories to provide an overview of the more modern 

conceptualizations discussed in the literature.  

 

2.2.4.1 Situated Approaches 

Some scholars were particularly dissatisfied with the separation of cognition from the 

social world (Lave, 1988). This led to a different branch of transfer theories, often deemed the 

“situated approaches”. Greeno (1997) argued that the cognitive theories conceptualize learning 

as the acquisition of structures that are stored in the mind and retrieved when they need to be 

applied in a new situation. Instead, he suggested, transfer should be considered as patterns of 

participation across situations. Tuomi-Gröhn & Engeström (2003) put it well by saying that “the 

important notion in a situated view of transfer is that what is transferred is not knowledge from 

task to task but patterns of particiatory processes across situations” (p. 25). In other words, 
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transfer is less about applying knowledge in new scenarios, and more about actively participating 

in a new context.  

Two different situated perspectives are provided here as examples. Drawing on Gibson 

(1986), James Greeno began to look at transfer in terms of affordances. Affordances are defined 

as the “support for particular activities created by relevant properties of things and materials” 

(Greeno, Moore, & Smith, 1993, p. 102). If successful transfer is to occur, the new situation must 

provide affordances, and the learner must perceive these affordances. Said differently, the learner 

must recognize elements in the new environment that relate to abilities learned elsewhere. 

Therefore, to encourage transfer, a task must be learned in such a way that allows the learner to 

transform it depending on the context in which it is needed. Analoui (1993), on the other hand, 

developed a socio-technical model of transfer focused on the workplace. He argued that “transfer 

of learning is regarded as a process which is dependent on learning not just the tasks or skills, but 

also on learning about and understanding the social-cultural context within which these tasks and 

skills are to be applied” (Leberman et al., 2006, p. 19). Analoui suggested moving away from 

tasks and skills and focusing instead on the process of socialization, particularly in the 

workplace. He argued that the traditional focus on learning a task while ignoring the context in 

which the task occurs is a fundamental reason for why many previous studies saw low levels of 

transfer. Though conceptualized differently, both Greeno (1993) and Analoui (1993) draw 

attention to the importance of context when considering transfer, an important omission of the 

classical and cognitive approaches.  

 

2.2.4.2 Preparation for Future Learning 

At the forefront of more recent views on transfer are John Bransford and Daniel 

Schwartz, two scholars behind rethinking transfer as ‘preparation for future learning’ (PFL). 

Bransford and Schwartz (1999) suggest that most transfer studies use what they refer to as ‘direct 

application’ (DA) and ‘sequestered problem solving’ (SPS). Using these approaches, participants 

are typically asked to directly apply something they have learned to a new problem. They 

suggest that these studies provide “no opportunities for them to demonstrate their abilities to 

learn to solve new problems by seeking help from other resources such as texts or colleagues or 

by trying things out, receiving feedback, and getting opportunities to revise” (Bransford & 
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Schwartz, 1999, p. 68). Instead, they suggest broadening the traditional conceptualization of 

transfer, focusing on assessments that “emphasize learning in knowledge-rich environments” 

(Bransford & Schwartz, 1999, p. 68). As an example, Bransford and Schwartz suggest 

considering a company that has just hired a new employee (a topic relevant to this dissertation). 

It would be unrealistic to expect this new employee to have already learned everything necessary 

to do their job – a study on this topic would most likely conclude that there is little transfer 

between school and work. Instead, companies expect the new employee to learn and make use of 

the resources around them. In this way, their conceptualization of transfer goes beyond 

replicative or procedural knowledge (Broudy, 1977) and emphasizes people’s ability to learn 

new information in a new context, contending that this approach accounts for evidence of 

transfer that is typically missed in more traditional DA/SPS approaches. In short, Bransford and 

Schwartz argue that transfer is not rare, but instead needs to be broadened and refocused as 

preparation for future learning. Doing so moves away from studies that only consider direct 

application and provides a more holistic insight into the phenomenon.  

 

2.2.4.3 Boundary-Crossing 

Other researchers have suggested thinking of transfer as a form of boundary-crossing 

(Hager & Hodkinson, 2009; Särljö, 2003; Tuomi-Gröhn & Engeström, 2003). Broadly speaking, 

boundary-crossing refers to encountering difference when entering a space for which you may be 

unfamiliar or unqualified (Tuomi-Gröhn & Engeström, 2003). Rather than the application of 

knowledge in a new context, Särljö (2003) conceptualizes transfer as a transition of knowledge, 

skills, and identity across different these boundaries. Central to this argument is abandoning the 

assumption that a person is a “vessel” containing “stuff” that moves into a new space; instead, 

they should be considered someone “whose social and embodied self includes skills, knowledge 

and understanding” (Hager & Hodkinson, 2009, p. 631). Framing transfer in this manner allows 

it to be reconceptualized as an opportunity to enhance learning during a transition rather than 

suggesting it is as simple as moving knowledge from one situation to another.  
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2.2.4.4 Actor-Oriented Transfer 

Actor-oriented transfer (AOT) is another new approach that suggests moving beyond the 

typical assumptions of most transfer theories. Most of these theories center on participants’ 

ability to use a predetermined set of knowledge in a new context. In effect, they take an 

observer’s point of view, only considering knowledge that the expert has deemed should 

transfer. By contrast, Lobato (2003) takes a different approach with AOT, placing an emphasis 

on the participant’s point of view. AOT focuses on the participant’s interpretation of what 

transfers in a given scenario (Lobato, 2012). Said differently, it prioritizes the participant’s point 

of view over the expert’s, making space for an expanded view of how learning transfers from 

one context to another.  

Lobato (2012) begins the discussion on AOT by differentiating it from what she refers to 

as the “mainstream cognitive perspective” (p. 233), a reference to the category of theories 

discussed in the ‘Cognitive Approaches’ section. While AOT and the mainstream cognitive 

approaches both assert that psychological similarity is the basis for successful transfer, AOT puts 

an additional focus on interpretation. As Lobato (2012) puts it, “knowing and representing arise 

as a product of interpretive engagement with the experiential world, through an interaction of 

prior learning experiences, task and artifactual affordances, discursive interplay with others, and 

personal goals” (p. 234). Broadly speaking, whereas transfer is typically characterized as how 

knowledge from one task can be applied to a new task (Lobato, 2012; Nokes, 2009), AOT 

focuses on the generalization of learning experiences as understood through the eyes of the 

learner (Lockwood, 2011). This transfer approach has been used in a variety of studies (Karakok, 

2009; Lockwood, 2011; Roorda, Vos, & Goedhart, 2015) and was chosen as the guiding 

theoretical framework for this research.  

 

2.3 Transfer Between School and Work 

The following section will discuss studies that pertain to transfer in the context of the 

transition between school and work. These studies stand in stark contrast to most research on 

transfer, which typically focuses on transfer between learning tasks in school or laboratory 

environments (Tuomi-Gröhn & Engeström, 2003). The studies included in the sections below 

break out of this mold and present research on transfer between the classroom and the workplace, 



19 

 

specifically focusing on the influence of pedagogical approaches on transfer in the school 

context, and the effectiveness of employee training programs on transfer in the work context. 

 

2.3.1 Transfer Research Focused on School 

Focusing first on the school side of the transition, several studies have been conducted to 

investigate the effectiveness of various pedagogical strategies designed to facilitate transfer 

between school and work. Gardner and Korth (1997) used experiential learning as a framework 

to investigate the degree to which students could transfer their classroom learning to the 

workplace. As students in a human resource development master’s program, participants were 

put into teams and asked to complete various projects throughout the academic year. The course 

was designed to promote an understanding of group dynamics, group development, and group 

effectiveness. Results of the study indicated that student feedback about the course was positive, 

and many participants reported using the knowledge gained during the course as they moved into 

the workplace (Gardner & Korth, 1997). Leberman (1999) conducted a case study on action 

learning and the transfer of learning from the classroom to the workplace as a part of her 

dissertation work. Case managers working for the Accident Rehabilitation and Compensation 

Insurance Corporation were studied to understand the long-term effects a training program had 

on the transfer of learning back to the workplace. The study was focused on identifying factors 

that facilitated transfer, particularly from an adult learning environment that employed action 

learning methods of instruction. The findings of the study indicated that course design 

emphasizing experiential learning was a key factor in facilitating transfer (Leberman, 1999). The 

results also emphasized the importance of personal development, suggesting that most 

professional development training focuses on specific job-based skills that fail to develop the 

person.  

Transfer has also been studied in the context of problem-based learning (PBL). A study 

by Kjærsdam (2004) investigated the use of PBL and its effects on the transfer of knowledge 

from university to industry. Collaborating with a nearby business park, Aalborg University 

students were provided with an industry-based problem to solve under the supervision of a 

faculty member. After the program was completed, a survey was distributed to 487 companies to 

assess the extent to which the engineering graduates were qualified for their new positions in 



20 

 

industry. While 81% of the companies gave high marks for students involved in the PBL 

program, only 50% of the companies gave high marks for those in traditional, non-PBL 

programs. More specifically, there were significant gains with regard to the transfer of project 

management, business, and economic skills. The study indicated that collaboration between 

universities and local companies is an effective method for increasing transfer between school 

and work, particularly when paired with a pedagogical strategy such as PBL. Overall, the three 

studies mentioned in this section showcase the work performed related to transfer and pedagogy 

in educational contexts, but also draw attention to the limited nature of research in this area.  

 

2.3.2 Transfer Research Focused on Work 

On the work side of the transition, a great deal of research has been conducted to 

investigate the factors that enhance or inhibit transfer from work training programs. Though not 

centered on the transition between four-year degree programs and the workplace, these studies 

provide helpful insights on transfer between a classroom and industry environment. Companies 

spend billions of dollars in training each year, and as such have a vested interest in understanding 

the factors that promote transfer (Grossman & Salas, 2011). Axtell, Maitlis, and Yearta (1997) 

conducted a study to investigate the immediate and long-term transfer of training. The results 

suggest that the trainees’ perceptions of the usefulness of the training, as well as their motivation 

to transfer the skills learned, played a significant role in the level of transfer that takes place after 

one month. After one year, the level of transfer depends on their level of autonomy in their 

position, their original motivation to transfer what was learned, as well as their perceived level of 

transfer at one month. These results highlight the changing nature of factors affecting transfer, 

and suggest that the period immediately after training is critical for “laying the foundations for 

future skill use” (Axtell et al., 1997, p. 210).  

Other studies have also been performed in this space. Research by Belling, James, and 

Ladkin (2004) focused on how organizations can improve their support for workplace transfer 

from management development programs. The top three barriers to transfer included pressure to 

focus on short-term financial targets, daily pressures of work life, and a lack of time for 

planning. The top three facilitators to transfer included the determination of the individual, the 

degree to which the individual understands their own strengths and weaknesses, and their 
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understanding of the benefits of applying what was learned in the workplace. Cromwell and 

Kolb (2004) used a mixed-methods approach to study factors that influence transfer from 

training programs back into the workplace. The findings indicated that trainees who received 

high levels of support, including those who participated in a peer support network, reported the 

highest levels of transfer. Grossman and Salas (2011) conducted a more recent study to 

investigate these factors and found that trainee characteristics such as cognitive ability, self-

efficacy, and motivation all contribute to the degree to which transfer occurs. More importantly, 

however, the results suggest that the training design and workplace environment have a heavy 

influence on transfer outcomes. In particular, the use of realistic training environments when 

paired with opportunities to practice and receive feedback in the workplace show the greatest 

promise for facilitating transfer (Grossman & Salas, 2011). Broadly speaking, these studies 

highlight important factors that affect transfer in the space between training environments and 

the workplace. As such, it is important to understand the major findings in this area of research 

as they provide guidance for the study in this dissertation on factors that promote and impede 

transfer in an engineering context.  

 

2.3.3 Transfer Research on Both School and Work 

Though the literature discussed in this section until this point has placed a heavier 

emphasis on either the school or workplace environment, some scholars have taken a more 

balanced approach. In particular, Tuomi-Gröhn & Engeström (2003) have studied transfer 

between school and work through the use of activity theory (Engestrom, 2000), which focuses on 

the interaction between human activities and consciousness within an environment. Based on the 

work of Lev Vygotsky, Aleksei Leont’ev, and Alexander Luria, activity theory centers 

consciousness in everyday practice, and asserts that learning occurs as a result of involvement in 

an activity system (Jonassen & Rohrer-Murphy, 1999; Nardi, 1996). Activity systems consist of 

goal-oriented human activities that are mediated by rules, tools, and relationships in the 

environment in which they occur. The theory suggests that learning and the activity system in 

which it occurs are intertwined and conceptualizes school and work as two separate activity 

systems that the learner must move between. Tuomi-Gröhn & Engeström pair this theory with 

expansive learning, which describes the creation of new professional knowledge. Whereas 
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standard theories of learning suggest that the learner aquires some form of stable, well-defined 

knowledge, Engeström’s (2001) theory of expansive learning asserts that knowledge is 

constatnly changing and redefining itself, especially in the workplace. When considered together, 

Tuomi-Gröhn & Engeström (2003) suggest that these theories provide a powerful lens for 

understanding transfer between school and work. In particular, they aruge that schools and 

workplaces must work together to consciously create new practices instead of focusing simply 

on how knolwedge moves from one activity system to the other. Schools must act as change 

agents, bringing knowledge from the workplace into the classroom. They suggest that the best 

way for students to learn is through situated experiences, collaborating in workplace activities 

through internships and work practice periods. Ultimately, Tuomi-Gröhn & Engeström (2003) 

assert that the transition between school and work cannot be left to the individual, but instead 

must be an effort by the collective school and work organizations to create new practices in sync 

with one another. In this way, transfer is less about changing individuals, and more about 

changing communities.  

 

2.4 Capstone Courses 

Of particular interest in this study are capstone courses. Though little research has been 

conducted on the transfer of learning between capstone and work, a larger body of literature has 

focused on capstone courses themselves. These studies are designed to better understand 

capstone courses and how they prepare students for practice. For example, Lauff, Kotys-

Schwartz, Rentschler, Weidler-Lewis, and O’Connor (2015) cited a disconnect between 

engineering education and practice and addressed this by focusing on how design is structured in 

each of these environments. Specifically, they suggest that time and space frame the way 

engineers design but are not sufficiently captured in the idealized ‘design loop’ typically taught 

to students. The authors suggest rethinking this method of teaching design to give students a 

more accurate perspective of the engineering design process. Howe, Rosenbauer, and Poulos 

(2017) published results from a capstone design survey designed to understand and improve 

engineering capstone courses. The results of the survey indicated that student numbers in these 

courses have increased in the past decade and noted that a majority of the design projects being 

sourced from industry. Respondents reported that personal success and opportunities for 
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interaction were the most enjoyable portions of the course, while funding, time limitations, and a 

heavy workload provided the most difficulties.  

Others have begun to gain a deeper understanding of teaching and learning in capstone 

courses. Pembridge and Paretti (2019) created a functional taxonomy of the pedagogical 

practices used by capstone faculty. Nine functions were identified, including: challenge, protect, 

coach, promote employability, provide exposure, provide role models, accept and confirm, 

counsel, and build rapport. This taxonomy provides a useful framework for understanding the 

breadth of capstone teaching and highlights the importance of teacher-student interactions in the 

course. More specifically, it suggests that capstone instructors must go beyond presenting 

information and teaching engineering design; they must develop interpersonal relationships with 

students and help them build the confidence to be a practicing engineer. Davis, Beyerlein, 

Thompson, Gentili, and McKenzie (2003) created universal capstone learning outcomes based 

on attributes of top quality engineers. These attributes included: (1) motivation, (2) technical 

competence, (3) judgment and decision making, (4) innovation, (5) client/quality focus, (6) 

business orientation, (7) product development, (8) professional/ethical, (9) teamwork, (10) 

change management, and (11) communication (Davis et al., 2003). By assessing the importance 

of these attributes at graduation and five years after beginning employment, the authors were 

able to develop learning outcomes that satisfy each attribute as well as ABET requirements. Lutz 

and Paretti (2017) conducted a study to explore student perceptions of capstone design outcomes. 

The results led to the emergence of four themes, including: engineering design skills, teamwork 

and communication, self-directed learning, and development of engineering identity. 

Interestingly, the study highlighted implicit outcomes beyond technical and professional skills 

that often remain unassessed in using traditional approaches. For example, the findings suggest 

that students learn to handle ambiguity and uncertainty through their capstone course, yet these 

skills are rarely emphasized or assessed. This study highlights important design outcomes and 

draws attention to the need to better understand implicit outcomes that may be going unnoticed.  

Though few of these articles make explicit connections to transfer, assumptions about 

how learning transfers between capstone and work are built into this literature. For example, 

Pembridge and Paretti (2019) highlight “the ways in which capstone faculty prepare students for 

professional work by creating environments that simulate work” (p. 215). By modeling capstone 
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courses after the workplace, faculty are making the assumption that similarities between the 

capstone and work environments will result in increased transfer (as suggested by the identical 

elements model). Additionally, capstone can be effective at teaching students how they learn. 

Aligning with the preparation for future learning (PFL) model created by Bransford and 

Schwartz (Bransford & Schwartz, 1999), these courses  help students become self-directed 

learners and prepare them to continue learning as they enter the workplace. Simply put, just as 

capstone courses require a combination of technical and professional skills, these courses are 

built on a blend of transfer assumptions when preparing students to carry their learning into the 

workplace.   

Most importantly, capstone courses provide an effective context for studying transfer. 

Davis, Beyerlein, Thompson, Gentili, and McKenzie (2003) claim that “the position of capstone 

courses in the curriculum, their integrative nature, and their mandatory presence in accredited 

engineering degree programs make them excellent environments for observing and cultivating 

students’ professional competencies” (p. 1). Designed to span the gap between engineering 

school and work, these courses are strategically designed to expose all students to the realities of 

working in engineering industry. As a result, they provide an incomparable opportunity to study 

transfer through the lens of student perceptions as they transition between school and work. 

 

2.5 Conclusion  

Transfer is a complex phenomenon, one that has challenged our understanding for 

decades (Beach, 1999). This literature review presented insights from the major contributions to 

our understanding of transfer, beginning with the earliest theories and concluding with formal 

studies about the transition between school and work. Though the multitude of theories and 

studies presented indicate that transfer has been studied extensively, there is still very little 

consensus on how and when transfer occurs. This is particularly true about the transfer of 

learning between capstone and work, where graduates are asked to transfer the knowledge, skills, 

and attributes from the classroom into the workplace. Though some studies have investigated this 

transition, most focus primarily on either the work or capstone context and fail to holistically 

capture the extent to which transfer occurs between the two. Moreover, these studies take the 

researcher’s perspective and do not adequately account for the perspectives of the participants. 
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Finally, few, if any, center on engineering, a field that expects its graduates to retain what they 

have learned in school and use this learning to address the grand challenges facing today’s world 

(National Academy of Engineering, 2008). Given this complexity and uncertainty, more research 

is needed to develop our understanding of transfer and the role it plays in this critical transition.  
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Chapter 3 -  Methodology 

3.1 Purpose and Research Questions 

 The purpose of this qualitative multi-case study was to understand the nature of transfer 

between capstone and work among recent engineering graduates entering the workforce. The 

following research questions were be addressed: 

1) What learning do recent engineering graduates describe as transferring between 

capstone and work?  

2) What factors promote or impede the transfer of learning between capstone and work 

during the first year of engineering employment? 

This chapter will summarize the methodology for this study, specifically discussing the larger 

project from which this study is based, the theoretical underpinnings, and a detailed examination 

of the data analysis processes.  

 

3.2 Capstone to Work Project: Source of Existing Data 

This study is part of a larger NSF-funded project (#1607811) referred to herein as 

Capstone to Work (C2W). This project broadly aims to study the experiences and perceptions of 

individuals as they move from their capstone courses into the workplace. Using a multi-case 

approach, the project seeks to investigate four major points, including: 

1) the skills, practices, and attitudes fostered through the capstone experience and the extent 

to which individuals draw on these experiences in the workplace;  

2) the perceived differences between capstone and work and how these differences help or 

hinder the school to work transition; 

3) pedagogical practices in capstone and how they help or hinder the transition; and 

4) the ways individuals perceive themselves to be underprepared in their early work 

experiences.  

Participants were recruited from four geographically diverse sites across the United 

States. While three of the four sites targeted mechanical engineering students, one site included 
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students from engineering science at a liberal arts institution. Mechanical engineering was 

chosen as the primary discipline due to its large size, strong post-graduation industry focus, and 

wide range of career options. The four sites used in this study range from large program 

graduating over 400 graduates per year to smaller program with 35-45 gradates annually. All 

sites used a similar approach to the capstone experience, sharing essential features such as a 

professional workplace environment, applied design projects, teamwork, a combination of 

formal and informal written and oral documentation, multifaceted advising, student autonomy, 

and an emphasis on professional practice (Ford et al., 2019). In sum, the sites chosen in this 

study provide consistency in terms of their industry-focus while allowing for diversity in terms 

of location and program size. Table 3-1 provides an overview of the four sites with additional 

information available in Paretti et al. (Paretti, Ford, Howe, & Kotys-Schwartz, 2021). 
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Table 3-1 - C2W study site details (Paretti et al., 2021) 

Capstone 

Features 
Site A Site B Site C Site D 

Course 

Duration 
2 semesters 4 semesters 2 semesters 2 semesters 

Discipline 
Mechanical 

Engineering 

Mechanical 

Engineering 

Engineering 

Science 

Mechanical 

Engineering 

Advising 

Structure 

Course instructor 

oversees; faculty 

advisors mentor 

teams (instructor 

also advises 

some teams) 

Course instructor 

oversees; faculty 

advisors mentor 

teams 

Course 

instructor 

oversees and 

advises all 

teams 

Course 

instructor 

oversees; faculty 

advisors mentor 

teams 

Number of 

Capstone 

Students 

375-425 100-150 25-35 200-250 

Number of 

Capstone 

Projects 

50-60 16-22 6-9 25-45 

Project Sources 

Industry: 16  

Faculty: 15 

Competition: 13 

Humanitarian: 5 

Industry:12 

Faculty:10 

Competition:2 

Humanitarian: 

Industry: 7 

Faculty: 6 

Competition: 0 

Humanitarian: 

2 

 

Major 

Assignments 

Reports (3) 

Presentations (4) 

Poster (1) 

Design Reviews 

(4) 

Product Demo 

(1) 

Expo (1) 

Reports (6) 

Presentations (4) 

Poster (2) 

Design Reviews 

(2) 

Expo (2) 

Reports (3) 

Presentations 

(3) 

Poster (1) 

Design 

Reviews (3) 

Reports (5-8) 

Negotiated 

Reports (3) 

Presentations (6-

9) 

Negotiated 

Presentations (3) 

Poster (1) 

Design Reviews 

(4) 

Expo (1) 

Previous Design 

Experience 

First Year 

Design Course, 

Sophomore 

Design Elective 

First Year Design 

Course 

First Year 

Design Course, 

Possible 

Electives with 

Design 

First Year 

Design Course, 

Junior Design 

Course, 

Sophomore and 

Junior Design 

Electives 

Internship/Co-

op Experience 
Optional Optional Optional Optional 
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The study currently has two cohorts of students with a total of roughly 140 participants. 

Cohort 1 graduated in Spring 2017, while Cohort 2 graduated in Spring 2018. Each participant 

was asked to participate in four hour-long semi-structured interviews, one at the conclusion of 

the capstone course and thereafter at 3, 6, and 12 months after beginning work. During the 

interview, participants were asked about their experience in the school and work environments, 

including their responsibilities, challenges, accomplishments, and perceptions of themselves as 

engineers. In addition, weekly quantitative surveys were collected to gauge the participants’ 

perceived levels of preparedness, along with weekly reflective journals about challenges and 

strategies for overcoming these challenges during the first three months of work. A portion of the 

C2W data was leveraged in this study to investigate the nature of transfer during the capstone to 

work transition. Both the interview protocols and reflective journal prompts can be found in 

Appendix B.  

 

3.3 Theoretical Underpinnings 

 This project used Actor-Oriented Transfer (AOT) as a theoretical lens. While most 

theories of transfer take an observer’s point of view and center on the participants’ ability to use 

a predetermined set of knowledge in a new context, AOT takes the participant’s point of view by 

focusing on their interpretation of what transfers in a given scenario (Lobato, 2012). AOT 

expands the traditional view of transfer beyond applying knowledge in a new context to the 

generalization of learning experiences understood through the eyes of the learner. This 

framework aligns well with the study proposed for two reasons. First, it easily pairs with the data 

available in the C2W project. The questions posed to the participants via the interview protocol 

ask them to compare their work experience to their capstone course, specifically asking how 

these experiences align and what skills have been necessary for them to do their job. The 

answers elicited from the participants speak to their interpretation of what transferred between 

school and work, providing direct insight into their perspective as ‘actors’ in the space. Second, 

the AOT model allows transfer to be studied without the researcher having to predefine what 

learning should theoretically transfer. Because previous literature indicates that there is still little 

known about what transfers between school and work, a framework that makes space for the 

participants to define this learning lends itself well to the topic of study. As such, it must be 
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noted that any reference to transfer in the remainder of this document refers to the AOT 

conceptualization of the phenomenon, indicating the generalization of learning as perceived (a 

posteriori) by the student, rather than the generalization of learning as posited (a priori) by 

researcher design. 

 

3.4 Positionality 

As the researcher conducting this study, I acknowledge that my biases do have the 

potential to influence the research process. My primary bias comes from my brief experience as a 

civil engineer who moved into the workforce, a transition which I found difficult. Though I am 

thankful for my experiences in engineering industry, I do acknowledge that there are biases that 

come from these past roles, in addition to my identity as a person. I identify as a white male that 

has focused his career on engineering education scholarship. I tend to take a pragmatist 

perspective in research, believing that each question I explore calls for a unique approach. As 

someone who has experienced the move from engineering school to work, I have always had a 

vested interest in the complexities of this critical transition. My own struggles in this area led me 

to my interest in this topic, and as such, I hope to use this study as an opportunity to improve our 

understanding of how learning transfers between capstone and the workplace. 

 

3.5 Methodology 

 This research was conducted as a multi-case study design. A case study is a qualitative 

research method that allows for an in-depth exploration of a phenomenon within a real-world 

context (Yin, 2017). Case studies typically come in two forms, embedded and holistic. This 

study was conducted as a holistic multi-case study since one phenomenon was explored with one 

unit of analysis per case. Specifically, the phenomenon of interest was the transfer of learning 

between capstone and work, the unit of analysis was recent engineering graduates that have 

begun work in engineering industry, and the context for the cases was the engineering workplace 

in which the recent graduates enter after graduation.  

This methodology pairs well with the study of transfer because it supports an in-depth 

exploration of the phenomenon within the context in which it occurs. The literature review 



31 

 

conducted in Chapter 2 revealed that transfer is a highly debated phenomenon that is not well 

understood. Moreover, it suggested that little is known about transfer in the space between 

school and work, particularly in the context of engineering. In light of these findings, the 

research in this study required a methodology that allows for a detailed look at the rich data 

available, one that is particularly sensitive to the context in which the phenomenon occurs. It is 

in these areas that the strengths of a multi-case study approach lie.  

Case studies are able to leverage participants’ lived experiences to provide an 

understanding of a phenomenon within multiple contexts (Baxter & Jack, 2008). This is 

particularly important in this research due to the diverse variables available within the Capstone 

to Work dataset. Though all participants graduated with mechanical engineering or engineering 

science degrees, there is a great deal of variety among participants due to variables such as 

capstone project type, employer type, employer size, level of training provided, etc. A 

methodology that leverages this diversity and prioritizes an understanding of how it affects 

transfer between school and work is essential for developing a rich understanding of the 

phenomenon.  

The multi-case study is also useful for exploring a phenomenon through a variety of data 

sources (Baxter & Jack, 2008). This fits well within the scope of data already collected in the 

Capstone to Work project. Yin (2014) describes the importance of using multiple sources of data 

when doing a multi-case study. Multiple sources give the researcher a broader range of data to 

explore. More importantly, however, multiple sources of evidence provide converging lines of 

inquiry – conclusions are more convincing if different sources of information suggest similar 

findings. In the Capstone to Work study, data was collected in the form of interviews at 3, 6, and 

12 months of employment and weekly reflective journals. This combination of data sources 

provided opportunities to reinforce conclusions via triangulation, an important portion of the 

analysis process in the case study methodology. 

 

3.5.1 Data Collection 

 As mentioned, this research leveraged data already collected through the Capstone to 

Work project. As such, data collection in this project did not focus on collecting new data, but 
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instead centered on choosing an appropriate sample for this study. The unit of analysis for this 

case study was individuals—namely, recent engineering graduates, of which eight (8) were 

chosen so that two participants were captured from each site. More specifically, one participant 

from each site was chosen for each of the available cohorts, totaling two participants from each 

site – one from cohort 1 and one from cohort 2. All sites were used (including the engineering 

science program at Site C) to include greater diversity within the sample. All data collected for 

each individual – including weekly reflective journals (over a period of 12 weeks) and three 

interviews (at 3, 6, and 12 months) – were analyzed for each case. Students with all interviews 

and most (or all) reflective journals were given priority when choosing participants. To ensure 

further variety, participants with various project types and employer sizes were chosen. Given 

that capstone projects are the central focus of the course, having a diverse sample of project 

types ensured that the study captured a range of capstone experiences. This was particularly 

important since many projects were industry-focused; including projects that were competition-

based or led by faculty allowed for a clearer understanding of whether non-industry projects 

sufficiently prepare students for work in engineering industry. Additionally, choosing 

participants who went into various sized companies ensured that the sample captured the variety 

of support and resources available to recent graduates as the moved into work. Table 3-2 presents 

the variables of interests and the minimum number of participants that were chosen for each 

category.  

 

Table 3-2 - Participant categories 

Variable Subcategory 
Number of 

Participants 

Capstone 

Project Type 

Industry 5 

Non-Industry (Faculty or 

Competition) 

3 

Employer Size 

Large (1000+ employees) 5 

Small/Medium (less than 1000 

employees) 

3 
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These numbers were chosen roughly based on the distribution of these variables within the data. 

For example, since just over 60% of participants went to work in large (1000+ employees) 

companies, 5 out of 8 cases were participants who work in a large company. A detailed table 

describing each participant and their associated demographics is provided in Table 3-3. Table 3-4 

presents the total number of participants with complete data available from the C2W project.  

 

Table 3-3 - Participant demographics 

Characteristic Total Site A Site B Site C Site D 

Cohort 
1 4 1 1 1 1 

2 4 1 1 1 1 

Gender* 
Male 6 2 2  2 

Female 2   2  

Race/Ethnicity** 

White 4  2  2 

Middle 

Eastern 
3 2  1  

Asian 1   1  

Capstone 

Project Type 

Industry 5 1 1 2 1 

Faculty 1  1   

Competition 2 1   1 

Employer Size 

Large 5 2 1  2 

Medium 2  1 1  

Small 1   1  

*Self-identified; no participants in the study identified as transgender or non-binary 
** Open-ended response; participants self-described their race/ethnicity 
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Table 3-4 – Number of participants with complete data 

Site 
Reflective 

Journals 

3-Month 

Interview 

6-Month 

Interview 

12-Month 

Interview 

A 36 32 27 24 

B 29 20 21 20 

C 21 15 20 15 

D 24 20 18 17 

Total 110 87 86 76 

 

 

3.5.2 Data Analysis 

The data analysis was divided into three phases. Phase I centered on the development of 

an initial codebook resulting from the analysis of all eight cases. Phase II focused on the revision 

of this initial codebook based on an interrater reliability analysis. The third and final phase 

consisted of a second iteration of coding based on the revised codebook, as well as a cross-case 

analysis. The sections below will first provide further detail on how AOT will be operationalized 

and will then review each of the data analysis phases.  

 

3.5.2.1 Operationalizing Actor-Oriented Transfer 

All coding was carried out through the lens of AOT in an emergent manner – no codes or 

themes were generated prior to the analysis. The data was coded based on two dimensions of 

transfer as described by in AOT. Specifically, Lobato (2012) points out that “transfer situations 

may be isomorphic to initial learning situations along a particular dimension, yet may include a 

dimension of complexity that is hidden from the view of an expert until one investigates 

students’ understanding of the transfer situations more closely” (p. 241). In other words, while 

traditional theories of transfer only capture situations that have strong similarities to the original 

learning environment, AOT includes a second, more complex dimension that can only be 

understood by leveraging the participants’ perceptions of the transfer process. The following 

paragraphs delve into these two dimensions in further detail.   
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The first dimension refers to more traditional conceptualizations of transfer. This covers 

situations that are typically ‘isomorphic’ to the original learning environment, or those that share 

significant similarities with the context in which learning first occurred (as is the case with 

approaches such as the identical elements model). The following excerpt from the data illustrates 

an example of transfer that falls in this first dimension: 

Capstone exposed me to presenting information and updates in front of a direct client and 

to different industry leads during the midterm and final presentations. I’ve never truly had 

a problem presenting. I’ve presented in front of several hundred people dozens of times 

including corporate CEOs, politicians, industry leaders. However, the difference was 

presenting in front of a group that I am going to be working with for a long amount of 

time. Therefore, it is important for me to initially establish a good rapport with everyone 

since I’ll be consistently presenting in front of them. Capstone gave me good exposure 

to consistently presenting in front of the same audience, so I hope to translate those 

skills. – Participant 1241 

In this example, the participant reflects on transferring presentation skills between capstone and 

work. These situations are isomorphic since the participant is using what they learned in 

capstone to accomplish something similar in the workplace. Instances of transfer that fall into 

this first dimension are typically related to the course objectives of the capstone experience. This 

is because capstone courses are typically designed to replicate an industry experience, allowing 

students to learn and practice the skills they will need in the workplace. From the AOT 

perspective, it could be said that capstone courses are designed to have elements that are 

isomorphic to the workplace. As such, most instances of transfer that fall within the first 

dimension will relate closely to a capstone objective. Table 3-5 lists the course objectives for 

each site. 
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Table 3-5 - Capstone course objectives 

Site Course Objectives 

A • Design mechanical and/or thermal systems using engineering, science, and 

mathematical methodologies. The design process includes the following 

steps: problem recognition and definition, concept generation and selection, 

design communication and review, and project management. 

• Understand the following: team dynamics, ethical responsibilities of the 

engineer, generation and protection of intellectual property, professionalism 

in behavior and dress, and design documentation. 

B • Gain a thorough overview of the design procedure that is followed by 

today’s mechanical engineers. 

• Obtain an understanding of design principles and practices that should assist 

them in making informed design decisions and in solving complex 

problems. 

• Develop the framework for understanding how various mechanical 

engineering technologies are used in the design process 

C • Design an appropriate solution to a real-world engineering design problem. 

• Understand, apply, and manage the engineering design process. 

• Communicate effectively through oral, written, and visual means. 

• Work effectively as a member of a diverse team. 

• Exercise professional responsibility, ethical reasoning, and contextual 

awareness. 

• Evaluate academic experience and professional training in light of future 

career and educational goals. 

D • Develop an understanding of the necessary professional skills needed to 

succeed in industry. 

• Understand how to collaboratively work in a team toward a common 

design. 

• Become proficient at written technical communications. 

• Become proficient at oral technical communications. Become proficient at 

managing long term projects. 

• Become proficient at integrating technical skills to successfully complete a 

project. 

• Develop the knowledge and ability to use skills in heat transfer, fluid 

mechanics, circuits, etc. to perform engineering analysis. 

• Generate alternative design concepts and evaluate using design 

requirements. 

• Apply engineering design skills to create CAD models and drawings to 

build professional prototypes. 

• Use results of engineering analysis to make decisions (engineering and 

business) in a methodical manner. 

• Fabricate and test physical prototypes to help make decisions. 
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 The second dimension is what differentiates AOT from other transfer theories. This 

dimension accounts for transfer situations that are not isomorphic, or those where there is an 

indirect relationship between the learning context and the transfer context. An example from the 

data is provided for clarity: 

My biggest challenge of the week was making sure I was up to date with everything 

going on. I am involved in a wide array of businesses for [Company] and with that comes 

a broad sense of knowledge about each part of business. Therefore, I spend a lot of time 

reading and learning about what is going on in each sector so I can get up to date. I would 

not say I am nearly up to speed now due to the extensive depth of each division; however, 

I have put a valiant effort forward and will continue to do so in order of enhancing my 

value. Capstone didn't prepare me too much for this topic. However, I was responsible for 

the electrical integration of my [capstone] project because the rest of the team didn't want 

to do it. It was not that no one wanted to do it as much as it was nobody knew how to do 

it. I saw this as an opportunity to add value to my team, so I stood up and persuaded one 

of my colleagues to do it with me. Although learning about electrical wiring is 

different than [learning about] cars, it can be related as into exploring uncharted 

waters in lieu of knowledge and value. – Participant 1241 

In this example, the participant leverages the skills they gained in capstone when learning 

electrical wiring to get up to speed with the automotive industry. Though the transfer situation 

(getting familiar with the automotive industry) is far from isomorphic with the learning situation 

(electrical wiring), the participant found the lessons learned in their capstone course useful in the 

workplace. It is important to note that this instance of transfer was somewhat embedded – it was 

only understood by leveraging the participant’s experiences. This illustrates the importance of 

the second dimension by highlighting the additional level of understanding that comes from 

employing the AOT framework.  In sum, the inclusion of dimension two in the analysis process 

led to a more holistic understanding of transfer that traditional approaches cannot achieve.  

 

3.5.2.2 Phase 1: Initial Codebook Development 

To prepare for analysis, all data – that is, the interview transcripts and journal entries – 

were uploaded into Dedoose, a software application for analyzing qualitative and mixed methods 
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data (Dedoose, 2020). Both the interviews and reflective journals were leveraged during this 

analysis to ensure each case is examined in-depth and to create the potential for converging lines 

of inquiry – the findings of the study are likely to be more convincing if they are triangulated 

across multiple sources (Yin, 2017). All eight (8) cases were analyzed in this phase to develop 

initial codes. Codes are labels that assign meaning to chunks of data (Miles & Huberman, 2013).  

These codes were consolidated into a codebook. The codebook included codes, code definitions, 

and examples that explain when not/to apply each code. The level of detail provided contributes 

to an explicit chain of evidence between the data and the findings of the study (Yin, 2017), 

making clear connections between the codes and the associated data. This process contributes to 

increased transparency and reliability in the research design. The codebook was continually 

refined and updated throughout all data analysis phases. The final version of this codebook can 

be found in Appendix C. Additional cases were to be considered if saturation was not reached 

with eight cases. Saturation was defined to occur when a relatively small number of codes was 

added for new participants. Because only a handful of codes were added to the codebook when 

analyzing the seventh and eighth cases, saturation was considered reached. 

To ensure consistency and a clear alignment with the AOT framework, several criteria 

were generated for the data analysis process. These criteria were used to identify specific 

instances of transfer (RQ1), and include: 

1) There must be an explicit reference to their capstone learning experience, whether that be 

from the interview question posed to the participant or from the participant’s response to 

the interview question.  

2) There must be either: 

a. An explicit reference to using or applying something learned in capstone in the 

workplace. OR 

b. An indication that something learned in capstone primed the participant’s thinking 

or in some way affected how they approached their role in the workplace. 

 

3.5.2.3 Phase II: IRR & Codebook Revisions 

Though a strength of qualitative data lies in its richness, measures must be taken to 

ensure this data is analyzed in a valid and reliable way (Moretti et al., 2011). To address 
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reliability in this study, two other researchers were asked to code a subset of excerpts analyzed in 

Phase I to stabilize the codes and determine a consistent coding strategy. These researchers were 

chosen based on their familiarity with the C2W dataset – one researcher had a detailed level of 

familiarity of the C2W project, while the other had no familiarity at all. This process was 

designed to determine if, given the same data and phenomenon, both researchers would interpret 

the data in a similar manner to the primary researcher if given the codebook (McHugh, 2012). 

Coding from these other researchers was used to conduct an interrater reliability (IRR) analysis, 

which is defined as “the extent to which the different judges tend to make exactly the same 

judgments about the rated subject” (Tinsley & Weiss, 1975, p. 368). Current literature offers 

numerous methods for conducting IRR, including percent agreement, Cohen’s Kappa (κ) 

(Cohen, 1960), Krippendorff’s Alpha (α) (Krippendorff, 1970), and many others. Unfortunately, 

many of these methods are only useful in cases where codes are mutually exclusive and do not 

apply in cases where multiple codes could be assigned to the same portion of text. Since data in 

this study could be associated with multiple codes, the F1 score was be chosen for the analysis.  

The F1 score represents the harmonic mean between two datasets and is calculated using 

the following equation: 

𝐹1 =  
1

𝑁
∑

2𝑝1𝑖𝑝2𝑖

𝑝1𝑖 + 𝑝2𝑖

𝑁

𝑖=1

 

where: 

N = the number of documents (interviews, reflective journals) coded 

x1i = the number of codes assigned by coder 1 

x2i = the number of codes assigned by coder 2 

si = the number of codes agreed upon by the researchers 

p1i = si/x1i 

p2i = si/x2i 

 

F1 scores range from 0 to 1 with an F1 score of 1.0 indicating perfect agreement and an F1 score 

of 0 indicating no agreement. Once coding has taken place, preliminary F1 scores were 

calculated, and are presented in Table 3-6.   
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Table 3-6 - IRR Results 

 Coder 1 Coder 2 

Researcher 0.792 0.821 

 

Though use of the F1 score is a quantitative metric for measuring IRR – which could be 

considered unaligned with the qualitative methods in this study – the focus of the IRR process 

still centered on negotiating coding and code definitions to reach consensus. The addition of the 

F1 score simply adds a quantitative metric for representing coder agreement and does not replace 

or diminish the qualitative discussions that were used to refine the codebook. All interrater 

reliability materials, including the excerpts selected for coding, can be found in Appendix B. 

 

3.5.2.4 Phase III: Recoding and Cross-Case Analysis  

Once the codebook was revised, a second round of coding was conducted. This was done to 

ensure consistency between each case and the revised codebook from Phase II. Once all cases 

were coded, a cross-case synthesis was conducted. The goal of this analysis was to synthesize 

patterns across all cases (Yin, 2017), particularly focusing on factors that enabled or inhibited 

transfer (RQ2). Once these factors were identified, the codebook was finalized. The final version 

of the codebook including the codes (i.e., qualitative labels mapping to the themes), a definition 

for each code, and an example to illustrate how not/to apply the code.   

 

3.6 Research Quality 

Four criteria laid out by Yin (2017) were be used to ensure quality within this research 

design, as summarized in Table 3-7.  
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Table 3-7- Case study quality criteria 

Criteria Description Tactics 

Construct Validity 

Identifying correct operational 

measures for the concepts being 

studied 

• Used multiple sources of 

evidence for triangulation 

• Maintained a chain of 

evidence 

Internal Validity 

Seeking to establish a causal 

relationship, whereby certain 

conditions are believed to lead to 

other conditions, as distinguished 

by spurious relationships  

• Explanation building 

External Validity 
Showing whether and how a case 

study’s findings can be generalized 

• Used AOT theory to guide 

the research 

• Used replication logic via 

multiple cases 

Reliability 

Demonstrating that the operations 

of a study can be repeated with the 

same results. 

• Used a codebook detailing 

codes, definitions, and 

examples 

 

First, this study sought to ensure construct validity by using multiple sources of evidence and 

maintaining a chain of evidence. Multiple sources of evidence allow for converging lines of 

inquiry, essentially strengthening any claims made in the study. In addition, maintaining a chain 

of evidence illustrates the connections between all portions of the study – from the research 

questions to the findings – allowing for an explicit explanation of how the results were formed. 

Second, this study used explanation building to address internal validity and help explain why 

transfer did or did not occur in the workplace. This was done by answering the second research 

question that focuses on factors affecting transfer. Third, this study accounted for external 

validity by grounding the study in a theoretical framework. AOT has been used in a variety of 

transfer research studies and situates the study within the larger body of transfer literature. 

Furthermore, the use of replication logic via the analysis of multiple cases is analogous to 

conducting multiple trails in an experiment, potentially generating greater support for the 

findings. Finally, reliability was addressed by creating and maintaining a detailed codebook. This 

document provides a thorough explanation of each code, along with examples of how it was 

applied in the study. Together, these four criteria provided a strong foundation for ensuring 

validity and reliability in this research.  
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In addition to these criteria, I also engaged in reflexivity throughout the research process. 

This is important in qualitative analysis, in particular, because meanings are made rather than 

found (Mauthner & Doucet, 2003). Even my choice to study transfer was indicative of my 

experiences and viewpoints, let alone my experiences with it. Throughout my research, I 

required myself to continually think about how my intuition and experience might be affecting 

my understanding of transfer. A physical manifestation of reflexivity in my research was through 

the use of a journal, or audit trail. Articulating my thoughts in a journal encouraged me to 

maintain a reflective stance throughout the project, keeping me aware of my preconceptions 

(Tufford & Newman, 2012). Aspects journaled about include my reasons for choosing transfer as 

a research topic, assumptions I have about the phenomenon, observational comments about the 

research, and the reasoning for decisions made during the research process (among others). By 

doing these things, my mission was to bring sincerity and validity to the research (Tracy, 2010).  

 

3.7 Limitations 

Like any study, this research has several limitations. Though these limitations do not 

invalidate this study, they should be considered since they may confine the conclusions that can 

be drawn. First, this study was dependent on a limited sample, and as such, the results cannot be 

generalized. Though saturation was reached with the participants chosen for this study, these 

students only represent a small portion of the larger C2W dataset and a smaller portion of 

engineers in the United States. Additionally, all students participating in the study come from a 

mechanical engineering or engineering science program, and thus are not representative of 

engineering as a whole. Furthermore, though the C2W project draws upon students from four 

institutions, these four institutions do not necessarily represent all engineering programs. This is 

particularly true considering the industry focus of all four capstone courses. Though the 

programs in this study chose to mimic the workplace environment, not all capstone courses 

choose to do so. This choice does affect transfer, and as such, the results of this study represent 

transfer from a particular kind of capstone course, not capstone courses in general. Still, the 

findings of this research may be transferrable to other settings with similar programs or contexts. 

Future research may consider extending this analysis to a larger sample within the C2W dataset 

and perhaps a larger sample within the engineering field. Second, this research depended upon 
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reports of participants’ experiences. Because this study used interviews and reflective journals, it 

relies on the participants’ interpretations of what transfers between school and work, potentially 

leading to an incomplete or biased account of the phenomenon. It must be noted, however, that 

the actor-oriented theoretical framework accentuates the importance of the participants’ 

perspectives, thus reconceptualizing this as less of a weakness and instead highlighting it as a 

methodological strength. Finally, this study acted as somewhat of an intervention, potentially 

biasing the perceptions of the participants. Because many students may have not been used to 

engaging in reflection on a weekly basis, this new task may have affected the way many 

participants thought about their daily activities. Though this is not necessarily a drawback, it is 

important to note that this intervention could have affected the data collection process and the 

types of experiences that were shared.  
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Chapter 4 -  Results 

4.1 Introduction 

The purpose of this qualitative multi-case study was to understand the nature of transfer 

between capstone and work among recent engineering graduates entering the workforce. In this 

chapter, findings corresponding to the proposed research questions will be presented. This will 

begin with a discussion of what recent engineering graduates describe as transferring between 

capstone and work (RQ1). Afterward, results of the cross-case analysis will be discussed, which 

focuses on factors that enable or inhibit transfer between these two contexts (RQ2). 

 

4.2 Transfer Between Capstone and Work 

The first research question in this study sought to investigate the types of learning that 

transfer between capstone and work. Four categories of learning were found to transfer in this 

context. They are interpersonal skills, analytical skills, strategizing skills, and disposition. Each 

of these categories consist of several different types of transfer that will be described in the 

following sections. Like the rest of the study, this question was answered through the lens of 

Actor-Oriented Transfer (AOT), meaning the results were concerned with participants’ 

perceptions of how learning transferred between these two contexts. More specifically, AOT 

prescribes two dimensions through which to look at transfer, the first of which considers 

isomorphic instances of transfer where the original and transfer contexts share significant 

similarities, and a second in which the contexts are not isomorphic. Each of the four transfer 

categories considers these two dimensions separately: typically, the types of learning fell into 

one dimension or the other, but in a few instances, the type of learning aligns with both 

dimensions of AOT. The four transfer categories, along with their associated AOT dimension, 

are depicted in Figure 4-1 and discussed in the following sections (note that a grayscale version 

of Figure 4-1 is available in Appendix D).  
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Figure 4-1 - Engineering learning transferring between capstone & work 

 

  

 

4.2.1 Interpersonal Skills 

Interpersonal skills are competencies related to interacting with others. These skills are 

often emphasized in capstone in a way that is not common in other engineering courses, typically 



46 

 

requiring students to work in teams, interact with clients, and communicate in ways that may be 

unfamiliar. The interpersonal skills of focus in this study include communication, working with 

superiors, and teamwork, each of which is illustrated in Figure 4-2 and summarized in the 

following sections.  

  

Figure 4-2 - Interpersonal skills 

 

4.2.1.1 Communication 

The broadest group within the interpersonal skills category, communication, includes the 

oral and written correspondence skills that are critical to success at both school and work. These 

skills typically fall into dimension 1 of AOT, meaning participants found strong similarities 

between the types of communication required in capstone and those used in the workplace. This 

finding is not surprising since most capstone courses make communication one of the primary 

learning objectives of the course. The learning objectives for Site C, for example, explicitly state 

a desire for its students to be able to “Communicate effectively through oral, written, and visual 

means.” One participant reflected broadly on the transfer of communication skills from capstone 

in an interview: 
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Participant 2211: I mean, yeah, the communication, that's been huge for me. So just 

learning how to talk and what to speak to, that was definitely huge in this position. 

Interviewer: Okay, and you got a lot of that in Capstone, I'm assuming? 

Participant 2211: Yeah. No, yeah, I would say I definitely got a lot of that out of 

Capstone. And just feeling comfortable talking with people about the different 

issues or just calling people in general. 

Here, the participant directly links their ability to comfortably talk with people to their 

experience in capstone. Another participant gave similar credit to capstone, but in the context of 

written communication: 

And I guess writing reports. Being the project manager of my senior design team, I 

got a lot of experience formatting and writing reports and that's kind of my 

company's main deliverable is reports. So, I feel pretty confident in that, actually 

too, I just finished my first one not too long ago and it went over really smooth. So, feel 

good about that. – Participant 4256 

In both examples, the participants directly attribute these skills to their capstone courses – the 

communication skills gained were perceived as useful and highly similar to those required in 

their industry jobs.  

 One of the most frequently discussed communication skills was oral communication 

skills used during presentations. Typically required at several points in the capstone course, 

presentations require students to share their work with an audience. This is often required in the 

workplace, as one participant shared: 

Capstone exposed me to presenting information and updates in front of a direct client and 

to different industry leads during the midterm and final presentations. I’ve never truly had 

a problem presenting. I’ve presented in front of several hundred people dozens of times 

including corporate CEOs, politicians, industry leaders. However, the difference was 

presenting in front of a group that I am going to be working with for a long amount of 

time. Therefore, it is important for me to initially establish a good rapport with everyone 

since I’ll be consistently presenting in front of them. Capstone gave me good exposure 
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to consistently presenting in front of the same audience, so I hope to translate those 

skills. – Participant 1241 

In this excerpt, the participant describes the exposure capstone provided regarding presentations 

but does note how the audience differs in the context of the workplace. Instead of presenting 

directly to a client or stakeholder occasionally, they describe having to present regularly to the 

same group of people in his job. Still, the acknowledgement of these skills transferring from the 

capstone environment in this and many other cases highlights its importance in both contexts. 

 

4.2.1.2 Working with Superiors  

Moving from the first dimension of AOT into the second, many participants discussed 

nuances of working with their superiors in the discussion on moving from capstone to work. In 

capstone, students are typically asked to work with an advisor or instructor that is responsible for 

teaching the course and supervising the project. The advisor and instructor may or may not be 

the same person, depending on the project (some students may have an instructor and a separate 

advisor from industry or the department faculty). In the workplace, the advising typically 

changes to that of a supervisor. Many students noted the skills they gained as a result of working 

with their advisor, such as in the following excerpt:  

I think what's really valuable for us, and I even told her, is that we really like the fact 

that she was very involved in our day-to-day ... We had these one-on-one sessions 

which kind of mimic your one-on-one sessions with your manager, if anything. 

Those things shouldn't be cut off, because those are things that are very valuable: having 

those discussions, talking about these problems that are happening in the team, if there 

are any. To me, I valued that a lot. – Participant 3146 

This participant was able to translate their experience working with their advisor in capstone to 

working with their manager in the workplace. It should be noted, however, that the work and 

school contexts can be significantly different when it comes to working with supervisors. These 

differences include how frequently interactions between the participant and their superior occur 

and the level of expectations and accountability that are set. Though some skills may still 
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translate, the contexts may not have extensive similarities, thus putting this category of 

interpersonal skills in AOT dimension 2. This shift was noted again:  

There are times where the opportunities to talk about it was ... It was either once or 

twice in fall, and then once or twice in the spring again. So it wasn't as many times. 

Whereas in the company, you have one-on-ones weekly, or if at all, once in two 

weeks, to bring up issues. Or at least that's how I feel my company right now, it's pretty 

accessible with getting to talk to a manager about things I'm facing. – Participant 3146 

In this excerpt, the participant notes that the contexts between school and work can be quite 

different. Whereas the capstone experience may only provide limited opportunities to collaborate 

with a superior, the workplace presents numerous opportunities for interaction. Another 

participant discusses how this shift affects deadlines and their sense of responsibility:  

I think sometimes, in my job at least, I feel like there are certain things that you're 

supposed to do but no one is really going to double check that every day. Like, everyday 

kind of routine things. So, I feel like you really need to create a responsibility for 

yourself. Even if no one is watching over you. You going to have to have a work ethic, 

or some type of...I mean that's a work ethic, but not only do you need to get it done, but 

you need to get it done in the best way possible. Even if no one is going to ask about it at 

the end of the day. So, that didn't really happen in my Capstone project. Everything 

that we always did, we presented to [Professor] or our client everything that we 

did. So, you always have an audience for what you're doing, but sometimes on your 

job even if you have a manager, not everything is going to be deliberate. But it's 

still an expectation, it's still your job and your responsibility. And maybe one day if 

it doesn't go right then you will be asked about it. So that's one of the things I was 

saying, is kind of being responsible for things that no one else is going, or no one 

necessarily is going to watch over or ask if you got it done or they want to see it. – 

Participant 4135 

The participant in this excerpt notes that they experienced less external accountability in the 

workplace. Though each task was presented and graded by the professor in capstone, this level of 

feedback may not be common with every task at work. As such, the participant notes that they 

must maintain accountability on their own instead of looking to their supervisor for it.  
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4.2.1.3 Teamwork  

Teamwork is the final and most frequently translated skill in this category. Focused on 

collaborating with others, this skill is critical for success in both contexts. Interestingly, data in 

this study indicates that teamwork does not fit neatly within AOT dimensions 1 or 2, but instead 

aligns with both dimensions depending on the context. Recall that dimension 1 includes transfer 

situations that are isomorphic, or rather similar in nature. Since capstone courses, particularly 

those in this study, are designed to replicate the industry workplace experience, it follows that 

recent graduates may find strong similarities between capstone and work regarding teamwork. In 

fact, the course learning objectives for Site D mentions the desire for their students to 

“understand how to collaboratively work in a team toward a common design.” For many 

participants, such as in the following excerpt, teamwork skills clearly translated: 

My capstone experience helped with working with a team and that translated here 

with my class. Everyone has a different learning style and design helped me with 

this. – Participant 2211 

In this excerpt, the participant draws a comparison between working with different types of 

people, particularly recognizing that each person will always have different ways of learning. 

Another participant shared in their reflective journal how capstone helped them realize how to 

have difficult conversations with coworkers and get to know their working styles: 

What was your biggest challenge this week? This week I needed to help the company 

close its construction phase. In our software lifecycle, that means all implementation and 

testing is completed and validated with supporting documentation or code.  

What made it so challenging? Initially things were going well. I knew that testing and 

validation was going to take a while but what I did not expect was that documentation 

took longer than expected. It was challenging because I did not foresee possible 

roadblocks and did not factor that into planning our milestones...Another challenge was 

to get people to write up documentation. Some people were really busy and needed all 

over the company so they had other priorities. Others were software engineers who had 

the perception that when the code is submitted, they can take their hands off or leave 

documentation to the last minute. I just assumed they would work on documentation in 

line with testing which was my fault but different people work differently so I just need 
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time to get to know people's working styles. I also did not know how much I should and 

could push people. I did not want to be the annoying employee who just demands things 

all the time. I’m still figuring this out. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? My capstone process did expose me to have 

difficult conversations with my peers about due dates. It is because of this 

experience that I realize I need to get to know someone's working style quickly in 

order to 'manage' them. It never gets easy but at least I have a game plan on how to 

approach this situation. – Participant 3146 

Despite these similarities regarding teamwork, many of the participants in this study also 

recognized that the context changes when moving into the workplace. Specifically, the ways in 

which one might approach dealing with challenges or a difficult team member may change: 

Also, establishing good connections with your coworkers. Almost I think it's like a whole 

different ballgame. Sometimes you know like, if you work on projects in school, 

sometimes you just brush that. If you don't like someone or if someone doesn't do work, 

you can just easily do it, or take over their work. Ignore them and not deal with the 

situation, but in the working world, relationships are important. You're going to find 

people that you just simply cannot…it's very difficult to work with, but it's very 

important that you address it and find good ways to go at it. In the design clinic, 

when something like that happens, it's important to not just brush it off like you do 

in school projects. But to try to find constructive ways attacking the situation. I 

think being exposed to that will help you do that in the working world. Sometimes 

difference of opinions is great, you know? It keeps the checks and balance and keeps the 

team open to consider things they'd never consider. It's important to have that, but at the 

same time, if it causes any kind of distress to the point that the team can't function, it's 

important to address it constructively, yeah. – Participant 3146 

In these cases, teamwork situations may look different since teams in the workplace are often not 

temporary. Instead of ignoring a group member that is not contributing or simply doing their 

assigned work to complete a project, graduates may be forced to approach the situation 

differently at work where team members may be a more permanent part of their daily life. 
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Similarly, they may be required to work with a much more diverse group of people than they 

worked with in capstone. Participant 1117 mentions this in their interview: 

Interviewer: Yeah. So okay. So one skill that you talked about getting from Capstone was 

the ability to work with people with different personalities.  

Participant 1117: Yes.  

Interviewer: Do you feel like you were using that skill? 

Participant 1117: Oh, I use it every single day. So I deal with both engineers, 

managers, purchasing people, customers, and our floor associates. So there's 

ranging education levels, there's ranging ages, experience levels, and a lot of it 

factors in when you try to talk to them. So I've been ... Yeah, I have to deal with a lot 

of different people and a lot of different kinds of people. 

As these excerpts illustrate, teamwork is a crucial part of both capstone and work. Though 

capstone may not directly prepare students for the particular teamwork environment they will 

experience in the workplace (a non-isomorphic context shift), participants still perceived the 

collaborative environment surrounding capstone projects is beneficial.  

 

4.2.2 Disposition  

The second category of successful transfer is disposition, which refers to a person’s 

attitudes, qualities, or perceptions of identity that may affect the transition between capstone and 

work. The types of disposition that will be discussed in this section include confidence and 

taking initiative, each of which is illustrated in Figure 4-3 and summarized in the following 

sections.  
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Figure 4-3 - Disposition 

 

4.2.2.1 Confidence 

Confidence is the belief that one can be successful. In the context of capstone and work, 

several participants shared the confidence they gained from capstone and how that affected their 

ability to perform in the workplace. For example, one participant talked about how capstone 

helped them gain confidence to do their job despite the stakes being much higher in the 

workplace: 

You may not think so, but I mean, every little bit helps, especially whenever you get out 

into the world, and all of the sudden, oh, this isn't just for school sort of thing, I'm 

having to do this and it may cost millions, but you've got a bit more confidence in 

that, that, yes, I've done something in the past, and it worked. I know that I can do 

things. – Participant 2168 

Other participants specifically highlighted that confidence cultivated from their capstone 

experience helped in the workplace despite the two contexts being so different:  
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Interviewer: And, more generally, how does what you're doing at work right now 

compare to what you experienced in Capstone? 

Participant 4256: I think they're quite different. Like, to me it's kind of hard to build a 

bridge between the two just because my role is so different and so non-technical at 

[Company] with my Capstone project. Then, now my job is just purely technical for the 

most part. It's kind of hard to draw that gap. But, I would say ... yeah that confidence 

really bled over from Capstone. I think that's a big part of being a successful 

engineer and being able to learn. 

In cases like these, capstone gave participants the ability to believe in themselves, even if the 

contexts were not isomorphic. Though certainly not a learning objective, confidence is a key 

takeaway from capstone that serves as a fitting reminder of education’s ability to affect more 

than just the knowledge and skills associated with a profession.   

 

4.2.2.2 Taking Initiative 

Capstone also helped many participants learn to take initiative or responsibility for their 

work. Unlike many engineering courses, capstone allows students to take ownership of their 

project from start to finish. Though students are provided guidance, capstone projects are often 

very open-ended, meaning that students are required to manage their progress, set deadlines, and 

resolve unexpected challenges. For many participants, this led to a greater level of comfort when 

taking initiative in new situations. One participant shared their experience:  

Participant 3276: So, one of the first things that I did when I first came, like my second 

week. Our company works in a way so we have multiple projects and there's like one 

business analyst in each project. So I have no idea what the other projects are doing, I 

have no idea what they're therapeutic is, what procedures they're trying to target, nothing. 

So, in my second week I was like why couldn't we create some sort of round table for at 

least the business analysts to come together and kind of teach each other what their 

projects are doing. 

Interviewer: Yeah. Now so do you think Capstone helped you prepare to kind of take 

those initiatives like that? 
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Participant 3276: I definitely think so. I think one of the things that we...I mean as an 

engineer in general, you always learn is like what are your three needs? What [inaudible] 

success, you know? So sometimes you're like oh why don't I know what the other 

projects are doing? What are other people thinking of the companies? Until you really 

realize that there's not a lot of communication, or interdisciplinary learning, interproject 

thing. So, I think you have to, that's like the engineering mentality to kind of go to the 

root of cause/analysis and you try to figure out like okay what can I do about it, who are 

the stakeholders? [crosstalk] And then I'm exaggerating the simple thing that I could. But 

you know in general that's what you do as an engineer. I think from that perspective 

my Capstone, I think in my Capstone I initiated a lot of times that I would always 

try to figure out, not only through, am I trying to think about my client but also in 

trinity. What are the needs of my team members? How can I facilitate our 

conversations better? How can we work better together? 

In this example, the participant felt much more comfortable taking the initiative to facilitate a 

group meeting to keep the company updated about project updates. They attributed this to 

capstone, claiming that they gained this perspective from working with clients and in their team. 

This example serves as another reminder that capstone not only affects the transfer of knowledge 

and skills, but also affects the disposition and attitudes of the participants.  

 

4.2.3 Analytical Skills 

Analytical skills are technical competencies that are required to perform engineering 

tasks and solve engineering problems. These skills are often a large focus in engineering classes 

and are needed to complete many of the components of the capstone design project. 

Interestingly, many analytical skills were mentioned less often than the three other categories of 

skills presented in the results of this study. Despite this, participants still emphasized their 

importance in both capstone and the workplace. The analytical skills of focus in this section 

include metrics and standards, technical analyses and calculations, problem solving, and 

software. Each of these is depicted in Figure 4-4 and summarized in the sections below.  
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Figure 4-4 - Analytical skills 

 

 

4.2.3.1 Problem Solving 

Problem Solving is central to the role of an engineer and fundamental in the design of 

capstone courses. Unlike the other three types of analytical skills, problem solving was 

mentioned quite frequently by participants. On a formal project, problem solving may be referred 

to as the engineering design process. Ranging from identifying a client’s needs to testing the 

final design, this process captures a variety of skills and stages. On a smaller, informal scale, 

problem solving may be used to address challenges that arise in school or the workplace. The 

four sites used in this study all have a reference to problem solving or the engineering design 

process in at least one of their learning objectives. For example, Site B seeks to help their 

students “gain a thorough overview of the design procedure that is followed by today’s 

mechanical engineers.” Because capstone courses are designed to simulate the industry problem 

solving process in an isomorphic manner, most instances of this type of transfer fall into AOT 
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dimension 1. In this study, many participants perceived the transfer of problem-solving skills 

into the workplace, both on large, formal projects and in smaller, informal scenarios.  

 On the formal side, many participants discussed how their capstone course helped them 

understand the design process as a whole. One participant summarized it well: 

The capstone design experience encompassed everything from product concept to 

prototype completion. Through this I was able to see the full-scale development that 

goes into designing and building a product. I had already worked on a previous patent 

before and was exposed to overall concept of what the capstone design experience was; 

however, I was only working with my brother. The capstone design project kind of acting 

a “company” through my grades and communication with a client. Overall, I believe the 

capstone project contributed to preparing me for my job. – Participant 1241 

In other cases, participants discuss using problem solving skills gained from capstone to address 

less formal, daily challenges: 

My biggest challenge this week was going into the system and figuring things out on my 

own. It is tough to just surf the intranet or software to find the answers you're looking for. 

I approached this challenge by using search techniques like control + f. Also, just taking 

the time to look through each part to find answers. I felt very prepared for this 

challenge because capstone taught me how to problem solve, and if I saw a problem, 

it was pretty easy to get it done efficiently. – Participant 4135 

In this case, the participant felt as though they were prepared when they encountered a problem 

due to their experience in capstone. As both these examples illustrate, students gained problem 

solving skills on both a formal and informal level and successfully transferred these skills to the 

workplace.  

 

4.2.3.2 Metrics/Standards 

Metrics and standards fall into dimension 1 of AOT and are defined as specifications 

used in the engineering design process. These specifications encompass design standards and 

validation techniques that are used to ensure the quality of engineered products or services. In 
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several cases, such as in the excerpt below, participants discussed gaining familiarity with 

metrics and standards during their capstone course:  

Participant 1241: But I guess the big thing is the validation process. We did a lot of 

validating in Capstone. And so if you think about every accessory you put on a 

vehicle, it has to [be] validated, at [Company]. And so being able to truly 

understand what engineering validation is, is a big correlation. And then being able 

to speak just the engineering lingo.  

Interviewer: Okay. So two follow up questions. The first is, what is engineering 

validation? 

Participant 1241: So I guess it's the same thing. In terms of creating a product and 

then validating it through, making sure it meets all of the target specifications. 

Making sure that it can withstand certain forces, that it's waterproof, that it can go 

through all these different types of tests. And is robust enough and designed well 

enough to truly be used in all the different conditions by a customer. 

In this example, the participant discusses how the validation skills they gained in capstone are 

relevant to completing the validation activities they must perform in their job. In situations like 

this one, participants were already familiar with the process of meeting various metrics and 

standards due to their experience in their capstone course, meaning the skillset successfully 

transferred.  

 

4.2.3.3 Technical Analyses and Calculations 

Also included in AOT dimension 1 is technical analyses and calculations. This skillset 

broadly includes a variety of analyses or calculations that may be necessary for engineering 

design. One participant shares how they transferred these skills in the following excerpt:  

Interviewer: Hm. Okay. I think that's pretty interesting. Okay. So, now the counterpart 

question is what are the things that you have been really prepared for [as a result of 

capstone]?  
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Participant 4256: I felt very comfortable sitting in there with my peers and discussing 

all these engineering decisions and assumptions that I made. And I think this was 

actually ... since the new year is since I've noticed feeling more comfortable with that.  

Interviewer: Mm-hmm (affirmative). Can you give me an example of an engineering 

assumption and how you would present it or talk about it? 

Participant 4256: Sure. So, like ... let me think of a good inclusive one. Since we do a lot 

of finite element modeling, if I say I applied this boundary condition because the 

client gave me this information. But I was missing a big chunk of it. I've filled in the 

blanks that the client left out through these cited sources, or through this good 

engineering assumption. 

In this excerpt, the participant shares their familiarity with finite element analysis and the 

boundary condition assumptions they made. Cases like this, though far less commonly 

mentioned than interpersonal and strategizing skills, indicate the importance participants place 

on the analytical skills that transfer between capstone and work.  

 

4.2.3.4 Software 

The final skillset within the analytical skills category is software. Software includes using 

any computer program, such as computer-aided design (CAD) program or any analysis tool, as a 

part of their engineering work. Interestingly, participant discussions about software indicated that 

it aligns with both AOT dimensions 1 and 2, depending on the context. For participants who 

were able to use a previously learned program in the workplace, such as in the excerpt below, 

this could be considered an example of dimension 1 transfer: 

So, during my internship I used process mapping software which was actually, I was 

able to use it because I had used it for my Capstone Project. So that was a 

completely transferrable skill. – Participant 3276 

In this situation, the learning and transfer contexts were isomorphic since the participant was 

able to use the same software package in both capstone and work. In other cases, participants 
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were not able to use the same software, but were still able to use concepts or lessons learned 

from a previous software to learn a new program, as was the case for this participant:  

What was your biggest challenge this week? Refreshing my knowledge of CAD 

programs.  

What made it so challenging? In school I used more computational fluid dynamics and 

finite element analysis software than CAD software. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? I mostly had other team members do the 

CAD modeling while I did the CFD and FEA computations. There are similar 

methods to all 3 software programs though. – Participant 2168 

In this excerpt, the participant was able to recognize that several different types of software used 

similar methods.  Even though they did not necessarily have experience with CAD software 

during capstone, they were able to transfer skills from using computational fluid dynamics and 

finite element analysis software to learn a CAD program. Though the two contexts were not 

isomorphic, the participant was still able to transfer skills from capstone. Scenarios like this 

provide evidence of dimension 2 transfer between capstone and work.  

 

4.2.4 Strategizing Skills 

Strategizing skills are competencies required for creating a plan to accomplish a goal. 

This could include making a schedule to manage one’s time or searching for ways to retrieve 

needed resources. These types of skills are useful in many aspects of student and professional 

life. The strategizing skills of focus in this study include project management, time management, 

working with incomplete information, seeking and using resources, and holistic perspectives, 

each of which is illustrated in Figure 4-5 and summarized in the following sections.  
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Figure 4-5 - Strategizing skills 

 

 

4.2.4.1 Project Management and Time Management 

Two of the most transferred skills between capstone and work were project management 

and time management, which also fall into AOT dimension 1. Though students may be required 

to use these skills in other courses, many participants said capstone courses taught them most 

effectively: 

I was actually just thinking about that the other day. I'm like, "Actually, most of what 

I'm doing, I honestly probably learned the most out of my design clinic." I have an 

engineering degree and I'm not using it at all here. Because of the engineering 

knowledge, but a lot of it is knowing how to time manage, knowing how to... Just 

management and the organization, in general. And I think that's what I learned the 

most out of my design clinic project. – Participant 3276 
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Capstone requires students to use skills that may not be used in other courses. These projects 

require students to go beyond their technical knowledge and employ strategizing skills such as 

making key decisions, tracking progress, manage a budget, and others. The participant from the 

previous excerpt discussed some of these competencies later in their interview:  

So, first I think from my past, definitely the whole project management thing. In my 

experience, [Professor] used to have us make us, like, each quarter one of my team 

members would be a project manager. So, you have to like keep track of the budget, 

you have to create [inaudible], you have to follow them, you have to make decisions, 

priorities about you kind of help your team members stay on track. So that kind of 

stuff really really helped me when I came to the real world. Just working in teams, I 

got managerial tasks because I'm working with a lot more experienced people. And then 

just like working a lot [inaudible] and other project managers. That was super, I think I 

was pretty prepared for. 

Project and time management skills become critical in capstone for students to manage the 

variety of pressures required for the success of a large design project. This experience is often 

unique to capstone since most other courses do not have the time or resources to focus on a 

project to such a detailed level. As such, the transfer of these types of skills depends heavily on 

the capstone experience. 

 

4.2.4.2 Working with Incomplete Information 

Moving from AOT dimension 1 into dimension 2, working with incomplete information 

is a common circumstance for newcomers in an unfamiliar environment. Unsurprisingly, many 

participants shared experiences where they were required to accomplish a task without having all 

the necessary knowledge in their new roles. An excerpt from one participant’s reflective journal 

provides an excellent example of how the transfer of knowledge from capstone helped them 

overcome this challenge:  

What was your biggest challenge this week? Trying to get the big picture of the software 

development process while still carrying out specific duties that needed to get our 

software released on time.  
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What made it so challenging? I didn't know what I didn't know. Even if I did, I needed 

to remember everyone's names and what they did in the company in order for me to ask 

for help. There were also many timelines and various projects happening simultaneously 

and I often mistook documents for one project and not the other. In medical 

software/device industry, documentation is super important, and I was only given a 

list of documents that I needed to get people to sign off after 

development/implementation was done. I did not know what documents needed to 

be done at what time and I had to sift through a lot of folders in the electronic 

system to find SOPs.  

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? Design clinic helped me navigate the feeling 

of 'not knowing what I don’t know'. I was able to break down concepts I didn't know 

and find out which people and which documents would help me answer my own 

questions. I found myself in a similar position to when I first started out in Design 

Clinic as in there was no solution or textbook way of doing things and I felt 

extremely comfortable and prepared to find answers to questions I initially didn't 

know. – Participant 3146 

In this excerpt, the participant was able to use their experience from capstone to help them 

approach a situation where they lacked key information. Unfortunately, the situations that most 

participants found themselves in lacked any significant similarity to their capstone courses, 

meaning the learning and transfer contexts were not isomorphic. As a result, most of these 

occurrences of transfer fall into AOT dimension 2, as previously mentioned. The following 

excerpt from another participant’s reflective journal illustrates how different these contexts can 

be: 

What was your biggest challenge this week? My biggest challenge was having a full 

understanding of everything that's going on. It's been almost 2 months but there is still so 

much to learn and understand. Making sure I stay on top of everything and more 

importantly understand all of the language going on is my biggest challenge. 

What made it so challenging? What makes it so challenging is how many acronyms 

are used throughout the company. There are so many. Literally thousands and even 
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if you know what it stands for it does not necessarily mean you know what it means. 

This has made it very challenging on top of the fact that I'm not a big car guy so having 

to learn a whole new language has been difficult. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? Understanding a whole different type of 

language like "hot rod talk" is something that I was exposed to in my capstone 

design experience. I had to learn the firefighters’ lingo and understand the industry. 

The main different is that there is a lot more to learn in the automotive industry 

than the fighter industry. There is more terminology and sophistication. That is the 

only real way I see my capstone experience has prepared me for this.   

In this instance, the participant was challenged with meeting the expectations of their job despite 

not having enough information about the automotive industry. To address this challenge, they 

were able to use a similar approach to learning about the firefighting industry, even though the 

language used in their workplace was more sophisticated. Though these two contexts have little 

in common, the participant in this excerpt was able to draw on the skills they gained in capstone 

to do their job despite the lack of necessary information. Even though this type of strategizing 

skill is not directly listed as a learning objective of the capstone experience, many participants 

were able to use the skills they gained the course to help them navigate their new industry roles. 

 

4.2.4.3 Seeking and Using Resources 

Similar to the theme of working with incomplete information, many participants also 

learned to leverage resources through their capstone experience. In this context, resources are 

defined to include both people and materials. One participant broadly captured the need to take 

advantage of resources in their reflective journals: 

My capstone design project helped me realize the importance of seeking resources 

and figuring out the who, what, when and why before digging into an action. – 

Participant 3276 

In capstone, advisors and peers may be considered resources, along with textbooks, tutorials, and 

webpages. In the workplace, resources may come in the form of managers and colleagues, as 
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well as company manuals or past projects. The participant from the previous excerpt provided a 

specific example of seeking and using resources in one of their weekly reflective journals: 

What was your biggest challenge this week? In regards to my biggest challenge this 

week, I am currently picking up a project from a previous [Coworker's Position] who has 

been promoted to a higher position. The challenge this week came with the conflict of 

not knowing to what extent I should still seek help or have people go over my work 

even when I think I've got the process down. In fact, there was one point last week 

where I made a mistake in one my emails because no one had double checked it. The 

person I'm picking up the work from is also very busy and I really don't want to take over 

his time more than I need to.  

How did you approach this challenge? Reflecting on it now, do you wish you had handled 

it differently? My boss (cced in that email) caught the mistake and emailed me clarifying 

the knowledge gap. I emailed him back, thanked him for taking the time to clarify and 

told him I was happy to follow up with the third party and clarify what I meant. He said 

there was no need to but he appreciated my willingness to do that. Reflecting on it now, I 

realize that it's better to take the time to ask questions early on even when it's not a 100% 

needed than to take the time to fix things later on. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? I don't think we get taught how to tackle 

such situations, just because these are macro-scale challenges that would only come 

up on the job. But I think my capstone experience definitely taught me that I need to 

always do my research before asking a question, but also not be afraid to seek help 

when needed.  – Participant 3276 

In this excerpt, the participant was challenged with having to pick up a project from where 

another coworker left it. Though they point out that capstone did not necessarily teach them to 

tackle situations that required them to seek help, they do mention that the experience taught them 

to be well informed when asking questions and seek help when necessary. Though skills like this 

are often not directly taught or assessed in capstone courses, students learn to seek and use 

resources through their experience in these classes.  
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4.2.4.4 Holistic Perspective  

One of the most valuable characteristics of capstone courses is being able to experience 

an entire project from start to finish. While many courses in the undergraduate engineering 

education curriculum teach components of engineering design, capstone is often the only chance 

students get to manage and experience every part of the design process. From this, many students 

gain what will be termed herein as a “holistic perspective.” One participant shares how this 

perspective was useful when they got to work:  

Interviewer: Okay, you can do that sort of thing as well. Okay. Excellent. So, do you 

think that ... And you had mentioned that Capstone is quite a bit different than what 

you're doing, and that you don't really learn about things like ergonomics and that type in 

school, but was there anything that you learned from Capstone that can help you in your 

approach, at least? Maybe not from a knowledge perspective, but from an experience 

perspective? 

Participant 2168: Right. Actually, the whole project itself, being on a project, working 

on it to make sure that it comes to fruition and such, that is a big, big, big advantage 

for things, because it not only puts you through the processes of stuff, but I mean, at 

the end, if the thing works, then you get that sense of accomplishment, and that 

helps you down the road. You may not think so, but I mean, every little bit helps, 

especially whenever you get out into the world, and all of the sudden, oh, this isn't 

just for school sort of thing, I'm having to do this and it may cost millions, but 

you've got a bit more confidence in that, that, yes, I've done something in the past, 

and it worked. I know that I can do things. 

In this excerpt, the participant shares how they have significantly more confidence in the 

workplace after having undergone the capstone experience. Though the technical content 

differed between school and work, they still found value in seeing the entire design process. 

Another participant echoes this sentiment, specifically underscoring the value of capstone even 

compared to other courses: 
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Interviewer: Okay. Yeah. Well thanks for talking about that. I'd like to start, I guess 

shifting the interview to talk about capstone and just to I guess about your school 

experiences. So the first question just generally thinking back on capstone, what's your 

impression of it or what are your thoughts or feelings about capstone at this point?  

Participant 1241: Yeah. When I told you that I think capstone was one of the most 

significant thing to do, when I look back at school. Honestly I look back, I'm not thinking 

of dynamics, deforms, none of that. Really thinking of capstone was probably the most 

value added course I took. That's solely because when you're able ... I mean the 

whole premise of the capstone, I mean you come out here as the problem, now we 

don't care what you're doing. Here's some money. Now go find the best solution. We 

don't care how you do it, but being structured and I guess understanding and 

learning the steps needed to innovate and create and optimize the best solution and 

ending with the final product. So similar to every single accessory on the vehicle, it 

goes through its own version of capstone. Like I said, marketing comes out, this is kind 

of the concept we want or this is exactly the concept we want. Now go engineer it and 

make it happen. That means the literal translation. Even for me, for my design release 

engineering role, it's literal translation. 

Here, the participant compares the process of engineering each vehicle accessory in the 

workplace to its own version of capstone, where having exposure to the whole design process in 

the course helped them significantly in their role at work. In cases like these, the value of a 

holistic perspective is a skill that may not be explicitly seen at first but is one that adds 

tremendous value as students transition into the workplace.  

 

4.2.5 Summary 

In this portion of the chapter, the answer to RQ1 has been presented. Four categories of 

skills were found to transfer successfully from capstone to work, and include interpersonal skills, 

disposition, analytical skills, and strategizing skills. Interpersonal skills are centered on 

interacting with people and include sub-skills such as teamwork and communication. Disposition 

relates to the attitudes, qualities, or perceptions of identity that may be carried from school to 
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work, such as confidence and the ability to take initiative. Analytical skills are competencies 

related to performing engineering tasks and solving engineering problems, and include problem 

solving and understanding software. Finally, strategizing skills center on competencies around 

planning and organization and include sub-skills such as project management and working with 

incomplete information. Each of these categories were described in detail and were grounded in 

excerpts from the data. Below, Figure 4-6 is a frequency diagram that illustrates the degree to 

which each category of skills was discussed by each participant. Specifically, the size of each 

bubble is dictated by the proportion of sub-skills within the category mentioned by the 

participant. For example, there are three sub-skills within the interpersonal skills category, 

including communication, teamwork, and working with superiors. If participant A mentions all 

three of these subskills, while participant B only mentions two, participant A’s interpersonal 

skills bubble will be 33% larger than the bubble of participant B. This representation of the 

frequency provides a visual way to understand the most commonly mentioned categories of 

successfully transferred skills. Notably, all four categories of skills, with the exception of 

Disposition, are mentioned by all participants. This consistency implies a certain level of shared 

experience between all participants, which will be discussed further in Chapter 5.  
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Figure 4-6 - Frequency of transfer categories
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4.3 Factors that Enable or Inhibit Transfer 

The second research question in this study sought to identify factors that may enable or 

inhibit transfer between capstone and work. These factors were identified by looking across all 

cases to determine common themes that participants recognized as affecting transfer. Four 

factors were pinpointed, and include access to support and resources, project structure, 

contextual differences, and attitudes. These factors are depicted in the outside ring of Figure 4-7 

(note that a grayscale version is available in Appendix D). Each of these factors will be discussed 

in detail in the following sections. 

 

Figure 4-7 - Engineering learning transferring between contexts & influential factors 



71 

 

4.3.1 Access to Support and Resources 

Access to support and resources is a necessity for inexperienced engineers still learning 

their trade. Not surprisingly, the level of access participants had to support and resources was a 

major factor in transfer between capstone and work. In capstone, students typically have direct 

access to support through their advisor, instructor, project sponsor, or peers. In the workplace, 

many participants found that these resources were different and sometime less accessible. One 

participant shared their experience with the change: 

I felt a little more under-prepared for this because I didn't have a team I could go and rely 

on. When I was stuck in senior design I had a great deal of resources I could use to 

help me out. I had my team, colleagues, [Professor], the client etc. There were many 

different people I could go to for help whereas this situation [in the workplace] I was 

more by myself. – Participant 1241 

Here, the participant discusses the challenge of having fewer people around them to ask for 

assistance when a challenge arose. Other participants reported similar issues with physical 

resources: 

Biggest challenge ... I would say ... right now it feels like keeping my motivation up and 

overall it would be ... finding proper resources without getting, asking just questions to all 

my coworkers. A lot of what we work on isn't really documented like it was in college 

for us, so it's not like I can just go read any textbook I was assigned or Google it or 

anything like that. So that's been a big challenge is finding the proper documentation to 

reference for assumptions or what have you. It's a lot of really long codes and items like 

that now instead of looking at the index of a textbook. 

Conversely, some participants had the opposite experience and had more support in the 

workplace: 

There are times where the opportunities to talk about it was ... It was either once or 

twice in fall, and then once or twice in the spring again. So it wasn't as many times. 

Whereas in the company, you have one-on-ones weekly, or if at all, once in two 

weeks, to bring up issues. Or at least that's how I feel my company right now, it's pretty 

accessible with getting to talk to a manager about things I'm facing. 
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Regardless of whether or not students had access to more/less support in the workplace, almost 

all participants shared the importance of having assistance and encouragement from those around 

them.  

Of particular interest with regard to access to support and resources is capstone advising. 

Most capstone courses have an advising component. Whether this advising comes from the 

instructor, an industry sponsor, a faculty member, or otherwise, many participants shared the 

benefits of having guidance from a more experienced individual. In most cases, this relationship 

enabled the transfer of skills in working with a superior. One participant shared the importance 

of working with their advisor in the following excerpt:  

I think what's really valuable for us, and I even told her, is that we really like the fact that 

she was very involved in our day-to-day ... We had these one-on-one sessions which 

kind of mimic your one-on-one sessions with your manager, if anything. Those 

things shouldn't be cut off, because those are things that are very valuable: having 

those discussions, talking about these problems that are happening in the team, if there 

are any. To me, I valued that a lot. – Participant 3146 

Here, the participant discusses how their interactions with their capstone advisor helped them in 

learning to work with her manager at work. Participant 1241 shared a similar sentiment, saying 

their advisor “reminded me of a manager who was just very, who knew their stuff, who knew 

everything.” Many participants found their advisors to be supportive, such as in the following 

excerpt:  

I mean, she kind of spoiled us in a way because she always answered the phone and she 

always gives you time and she listens to you super well and she made me feel like every 

mentor, or not every mentor every manager in my life is going to be like that. – 

Participant 3276 

Other participants found their advisor to play a firmer, more accountability-based role: 

I would say in reality, she could be very hard, but if you did everything then you would 

learn how to do the process very well. I viewed her as like a boss and she was one of 

those bosses that can be very hard on you and can be ruthless at sometimes. Can be very 

straight up. But you can learn a lot from them. 
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In either case, participants valued and learned from their advisor – their relationship enabled 

them in transferring their ability to work with a more senior individual, a crucial skill for recent 

graduates in the workplace.  

In sum, seeking and using resources was a skill transferred by many from capstone (as 

discussed in relation to RQ1), but the shift in access to support and resources when moving from 

capstone to work does affect the degree to which recent graduates are able to translate these 

skills. Moving forward, recent graduates can be supported in this transition by providing them 

with regular access to more experienced individuals in both capstone and the first year of work.  

 

4.3.2 Project Structure 

Typically, capstone courses are designed to replicate an industry experience. This is often 

accomplished using an extended project that runs for the duration of the course, as is the case at 

the four sites used in this study. While the structure of these projects is beneficial in many ways, 

there are also drawbacks that can make the transition between capstone and work difficult. The 

following paragraphs will discuss how capstone project structure can both help and hurt recent 

graduates in the context of transfer. 

 The structure of capstone projects allows for many beneficial experiences that other 

engineering courses do not offer. Requiring students to complete an industry-style design project 

allows them to gain and practice a variety of skillsets, most of which were discussed in the 

context of RQ1 in the previous half of this chapter. For example, many students discussed 

gaining critical communication skills, including interacting with clients and giving presentations. 

Others discussed the organization and management skills they gained through capstone, as is the 

case with the participant in the following excerpt:  

Actually, most of what I'm doing, I honestly probably learned the most out of my 

design clinic. I have an engineering degree and I'm not using it at all here. Because of the 

engineering knowledge, but a lot of it is knowing how to time manage, knowing how to... 

Just management and the organization, in general. 

In cases like this, participants describe the key role capstone played in their development. In this 

excerpt, the participant specifically credits capstone for having the biggest impact on their 
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preparedness. A majority of this impact is a direct result of the way capstone projects are 

structured, giving students a chance to gain skills that are critical for success in the workplace. A 

different participant summarizes it well: 

I told you that I think capstone was one of the most significant thing to do, when I look 

back at school. Honestly I look back, I'm not thinking of dynamics, deforms, none of 

that. Really thinking of capstone was probably the most value added course I took. 

That's solely because when you're able ... I mean the whole premise of the capstone, I 

mean you come out here as the problem, now we don't care what you're doing. Here's 

some money. Now go find the best solution. We don't care how you do it, but being 

structured and I guess understanding and learning the steps needed to innovate and create 

and optimize the best solution and ending with the final product. So similar to every 

single accessory on the vehicle, it goes through its own version of capstone. Like I 

said, marketing comes out, this is kind of the concept we want or this is exactly the 

concept we want. Now go engineer it and make it happen. That means the literal 

translation. Even for me, for my design release engineering role, it's literal 

translation. – Participant 1241 

In these situations, participants found capstone course to be one of the most valuable throughout 

their degree since they were able to be involved in the design process from understanding the 

problem to developing a solution. By and large, the structure of capstone projects is critical for 

helping students understand the full engineering design process and gain many of the skills 

needed in industry.  

 Despite these benefits, the structure of capstone projects can also result in difficulty when 

transitioning into industry. These characteristics can unfortunately play an inhibiting role in the 

transfer process. For example, many participants discussed the open-endedness and flexibility 

that defined their capstone experience. 

Well, I would say that my stuff with my capstone project was very much more 

experimental. We would have an idea, we would go out, we'd experiment with it, we'd 

see, does this work, does this not work? And we could do that cheap, quick and on the 

fly, and it would just be pretty much our time that we were wasting, or not wasting. In 

the industry, that's not always the case. So, it may be that there are things that, 
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either your supervisor doesn't want you to do things that way, or there are things, 

whether they're regulations, or safety that is put in place, that prohibit you from 

doing that. A lot of times for good reason, sometimes not, but that's neither here nor 

there. – Participant 2168 

In this excerpt, the participant describes how their workplace is much more regimented than their 

capstone course. Whereas capstone involved a significant amount of brainstorming and 

experimenting, their workplace is much more structured, requiring them to follow protocols and 

regulations. For many students, this can make the transition into the workplace difficult.  

 Participants also discussed the hands-on nature of their capstone courses that is often not 

present in the workplace. Whereas the capstone team is typically involved in every stage of the 

design process from start to finish, a new employee may only be responsible for one component 

of the design. A participant shared their experience in one of his interviews:  

Interviewer: Is there any way you can think of the current job being different from what 

you experienced in capstone? 

Participant 2168: Yeah, there's a lot of differences, and such. As I kinda stated before, 

I'm kind of a step removed from things. I don't go in and build or disassemble the 

thing myself. That's another person's job. I'm just there to put together the plans to make 

sure that we can do this, and how ultimately it's going to get done by another person.  

Interviewer: Right. And that was something different in capstone. 

Participant 2168: Right. Yeah, with the capstone project, the team is doing it all. If 

there needs to be a fabrication, and such, a lot of times it's the team doing it. If 

you're lucky enough to have enough money and go and get somebody in a machine shop, 

hire them out to machine it for you, but you're not always that lucky. 

In cases like this, participants realized that their capstone training did not align with their 

experience in industry – their responsibilities and the scope of their work changed between the 

two contexts. 

 Lastly, participants discussed differences in the pace of projects in capstone and the 

workplace. While capstone projects typically have a strict timeline (that usually lasts one or two 



76 

 

semesters), projects in industry can vary in length. One participant discussed this in one of their 

interviews: 

I think one of the big differences would be that some of the projects that I'm 

working on are not necessarily defined as far as what timeline we're working with. I 

know that on the capstone we had a set timeframe. When you push to the public and you 

know you're going to end a couple weeks before graduation and you know you need to 

set timelines around those specific dates and you can't really extend those timelines any 

further than you may possibly can. The one big difference in my current role is ... 

Actually, I have a pretty good example, for one of my projects, our deadline, our go-live 

date, which is essentially the end of the project, it got pushed back an extra three months 

because we were behind on some of the deadlines. I guess that's one of the big 

differences is that it's not necessarily time-restricted because ... In the capstone we set 

two semesters to get everything done whereas in the real world you can ... Able to push 

things back and be able to push timelines around because some of the stuff is indefinite. – 

Participant 4135 

Here, the participant discusses how the pace of project is much more flexible in the workplace as 

compared to capstone, a shift that many participants experienced. When combined with other 

shifts in project structure mentioned, such as the degree of open-endedness and the amount of 

hands-on work required in capstone, students are required to make a significant transition when 

beginning projects in the workplace. This can hinder the transfer of many skills, such as time 

management, project management, and taking initiative, all of which can affect success in at 

work.  

In sum, the structure of capstone projects is beneficial in that it teaches students all the 

necessary components of completing a project. It requires students to gain skills in 

communication, client interaction, professionalism, and much more. Simultaneously, however, 

the structure of capstone projects can hinder transfer in some cases. Whereas students are 

typically wholly responsible for a single project with a set timeline in capstone, they often 

transition to an environment that is less open-ended and less hands-on with a much different 

timeline when they arrive in the workplace. On the whole, capstone project structure is a double-

edged sword that can both enable and hinder transfer between school and work.  
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4.3.3 Contextual Differences  

Contextual differences refer to characteristics of the school and work environments that 

may differ, and as a result influence transfer. This includes working with different types of 

people, workplace politics, and project stakes. A shift in these contexts requires students to shift 

their mindset as they move into industry.  

 Most participants discussed the challenge of learning to work with different types of 

people. Though a learning objective of capstone is teamwork, many students were accustomed to 

working with their peers and did not necessarily feel prepared to work with people of different 

ages, backgrounds, or levels of experience:  

Okay, so the biggest difference is really that I'm working with people who have a lot 

more expertise. Basically, everyone else in the company has either a PhD or a GED, or 

an MD. So you're talking about people with a lot of, not only a higher degree, but also a 

lot of experience. And that's very different, because when I was in my Capstone 

design, we were all equally knowledgeable, we were all coming from equal levels of 

backgrounds and expertise. So you don't feel... Like when you interact with one 

another, you feel like you, you trust each other the same way. But here, it's a little 

different, because you're talking... You're working with people who know a lot more and 

are much more experienced. So the way you interact with them is a little different, and 

the way they treat you is a little different. – Participant 3276 

Here, the participant discusses the transition to interacting with people that have differing levels 

of expertise, a stark contrast to the capstone project where each team member is typically equally 

experienced. Another participant discusses age differences:  

Another one would be that, when I was in Capstone, I was managing a team of 

college students, ranging from the age of 21 to 24. It was very different managing 

that team; whereas at work, it's managing analyst who are between the ages of 25 

and 55. You get that different kind of exposure to just the different age groups, that 

could be in the real world. Just like, working with them, and having to understand that 

some of them might not be as high tech, as some of the younger kids fresh out of college. 
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It's just like having that different mindset of, "Okay. I'm sending an email to a 50-year-old. 

So, I need to kind of help her through some of this." Rather than, if I just sent it to 

someone my age, and it could make a lot more sense, if I had sent it this way. – Participant 

4135 

Here, the participant discusses how project management and communication change depending 

on who they are working with. A couple participants also mentioned the politics that are often 

present in the workplace:  

You start seeing politics, you start seeing people who are very power greedy, the 

executives have very terrible leadership. I mean, the majority of... I think a huge reason for 

why we're not doing well. Like when we killed those four projects they told specific 

teams, and they didn't tell anyone. But then, you come to work and you don't have 

anything to do, because your project got killed. And they expect you to go on with your 

life, as if nothing happened. – Participant 3276 

In this excerpt, the participant discusses the complex relations and business decisions that are 

made in their company and expresses her frustration with how it affects them. Having never been 

exposed to these types of politics in capstone can lead to surprises when graduates enter industry. 

 Participants also mentioned the how the stakes change when moving into work. Whereas 

projects in school and capstone influence grades and grade point averages, projects in the 

workplace can have much higher stakes, as one participant indicates:  

I think the biggest thing I see now is kind of the downfall of them, what would happen if 

the project went south or actually did not do well? In capstone, you know, it's not really 

high stakes and it's not that important to some people, you know, because obviously 

like your grade relies on it, but with the projects that I'm doing now where more 

people rely on our projects and some organizations can't afford for them to go poorly 

or obviously, you know, our company can't afford for them to go poorly either. 

There's kind of a lot of weight on our shoulders as far as kind of how crucial the projects 

are. That's one difference that I do see. – Participant 4135 
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With stakes increasing as graduates move into the workplace, confidence in their abilities may be 

weakened. Another participant who works in defusing dangerous explosives drew attention to 

the high stakes of their workplace:  

Interviewer: Right. So, you also mentioned in one of your surveys that one of your 

biggest challenges in your current job was working with incomplete information. So, is 

there any instance in capstone where you had to deal with this kind of an issue? 

Participant 2168: In capstone, sometimes you have to work with incomplete information, 

sure. Especially, with my project, it was kind of an experimental thing, and you were 

kind of making it up as you went along.  

Interviewer: Right.  

Participant 2168: With this one, you have an object that is dangerous, and you have 

some information on it, but you don't always have the information that you want, 

because it may have been lost to time, something. And so, you have to make your 

best judgment so that at the end of the day, everybody's going home with their 

fingers and toes, you know? 

Interviewer: Yeah. So, the stakes are much higher when you're at work. 

Participant 2168: Yes. Yeah, and in my case it's a bit more of a physical thing, but 

with others it may be more financial. If they screw up, it could cost millions of 

dollars, or something like that. 

In summary, though capstone is designed to replicate the workplace experience, many contextual 

differences can make transfer between the two contexts more difficult. This can affect recent 

graduates’ ability to transfer skills such as teamwork, communication, and confidence. Finding 

ways to expose students to more people during the capstone process and emphasizing the stakes 

of many engineering projects may help in easing the transition between capstone and work and 

encourage more transfer.  
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4.3.4 Attitudes 

Beyond contextual or situational factors, the results of this study indicate participants’ 

attitudes – or prevailing thoughts and beliefs – also may affect the degree to which transfer is 

successful between capstone and work. This includes both their perceptions of what is 

considered ‘engineering’ and how education should prepare students for work.  

This study uses AOT as a guiding framework, which prioritizes participant perceptions of 

what transfers from capstone to work. It follows, then, that participants’ perceptions of what 

qualifies as ‘engineering’ may have an impact on what engineering learning transfers from 

capstone. When discussing their perceptions of engineering during their interviews, participants 

we asked how they define engineering and how their current job fits with their definition. 

Interestingly, several participants felt that their role in the workplace would not be considered 

engineering, as was the case for this participant:  

Interviewer: Okay. Question that comes up also for me, is last time we were talking, the 

work that you were doing, you said it wasn't engineering just because you had done design 

and creating things in capstone but a lot of your role when we last talked was 

communicating back and forth. I'm wondering when you say that you're getting more in 

on internal projects, if that's changed, if you feel like you're doing engineering now or do 

you still not feel like you're doing engineering? 

Participant 4135: I still don't feel like I'm doing any engineering work. The company 

itself is more software-based and the role that I've been placed in is, I wouldn't say purely 

project management but for the most part it's very heavily-sided towards project 

management as well as communication services, which is just another fancy word for 

project management. I'm definitely still not doing any engineering work, which ... It's a 

bothersome thing for me. It's not necessarily negative, it's just I went to school for 

engineering and I'm not really getting that hands-on design work that I really 

enjoyed throughout my years at [University]. It's definitely still more focused on 

communications and management in different aspects of projects. 

In this excerpt, the participant felt as if their work was not engineering-related since it is 

primarily focused on project management. Consequently, their perceptions of how prepared they 
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were for work and the usefulness of the engineering learning that transferred from capstone was 

affected by their definition of engineering. Specifically, they felt bothered that they went to 

school for hands-on engineering work and did not have the opportunity to transfer this 

knowledge to their industry role. This is an important observation that should be noted since this 

study places such high priority on participant perceptions.  

 Also affecting transfer is perceptions about the role education should play in preparing 

students for work. While some students believe that education should teach the development of 

critical skills, others believe it serves to teach specific topics and prepare them fully for their job. 

In effect, where participants fall on the spectrum between these two ideas has the potential to 

affects their perceptions of transfer. For example, some participants have differing views on 

software. Some believe that capstone did not fully prepare them since they were not taught the 

software needed in their workplace:  

Interviewer: How about something that you didn't feel like you were prepared for? Is 

there anything... 

Participant 3276: Yeah. I think maybe my Excel of [inaudible] but that's maybe a 

personal thing. I think when you're working with numbers you have to be quick with 

Excel. It took me time to kind of get...[inaudible] for Excel. I mean, in my Capstone 

project we didn't really use Excel that much. 

Others acknowledged that many of the principles of software can be transferred between 

software programs, meaning it is not necessary to be taught specific tools in order to be prepared:  

What was your biggest challenge this week? Refreshing my knowledge of CAD 

programs.  

What made it so challenging? In school I used more computational fluid dynamics and 

finite element analysis software than CAD software. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? I mostly had other team members do the 

CAD modeling while I did the CFD and FEA computations. There are similar 

methods to all 3 software programs though. – Participant 2168 
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Here, the participant acknowledges that they are able to use principles from computational fluid 

dynamics and finite element analysis software to learn computer-aided drawing software. 

Participants’ perceptions of capstone’s role in preparing them for work can have an important 

impact on how they view transfer and preparedness. 

Along these same lines, some participants specifically acknowledged that capstone (and 

education in general) will never be able to fully prepare students for their role in industry. 

Instead, they highlight the value in learning some things on the job:  

No I was just going to say like I think that you can't learn everything before coming 

to a job. I have to accept that you come as a package and then you kind of shift and 

change who you're working with. And I think there is kind of beauty in that too, like 

you learn a lot from just being on the job and from all the challenges that you face. 

So, in terms of skills because I'm not really using skills at work, I can't really say that 

there's more that I wish I would have learned before that. – Participant 3276 

This participant appreciated that they were able to learn things at work, finding beauty in the 

challenges they face. Others, similar to those from the previous software example, felt that 

specific topics from their job should be covered in school, as is the case in the following excerpt:  

What was your biggest challenge this week? I was given a new project this week which 

has the potential to run for a long time. My biggest challenge was planning how to set 

up a production line that would meet industrial hygiene and ergonomics 

requirements for the workers. 

What made it so challenging? Ergonomics in particular were not emphasized in my 

schooling. When a line of workers is performing the same task all day long for an 

extended period of time you have to take into account a lot of things. The biggest concern 

is a repetitive motion injury; any kind of machine or contraption that can aid the worker 

will eliminate risks and increase production. Boredom is another problem. Workers can 

zone out after doing the same thing forever and that’s when mistakes and accidents 

happen. 

To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? I felt prepared for the task but nothing in my 
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experience had ever given me insight into how to approach things. Most of my 

previous work and design experience were for one-off or small projects, not production 

lines that would run for an extended period. 

Is there anything you think your education might have done that would have better 

prepared you? Ergonomics should at least be mentioned in classes. It doesn’t require 

entire courses dedicated to it but a class period or two to give a sense of what is 

expected by OSHA, etc. for ergonomics would be a good idea. 

Here, the participant suggests that ergonomics should be taught in school since it is an important 

part of their role. Not having been taught these skills made them feel unprepared, even to the 

extent that they did not know how to approach the problem. Ultimately, how participants think 

about the role of education can affect their perceptions of transfer. While some students do not 

expect their capstone course to teach them everything, others feel that transfer occurred less 

because their capstone course did not teach specific skills that were important to their job. 

Therefore, taking note of these perceptions, as well as how participants define engineering, is an 

important factor that can affect transfer.  

 

4.3.5 Summary 

This section presented four factors that enable or inhibit the transfer of engineering 

learning between school and work: access to support and resources, project structure, contextual 

differences, and attitudes. Access to support and resources typically enables transfer and refers to 

the accessibility of assistance and necessary resources at both school and work. Alternatively, 

project structure may enable or inhibit transfer depending on the context and centers on the main 

characteristics of an engineering project, such as the degree of open-endedness and the pace of 

deadlines. Contextual differences typically inhibit transfer and refers to the ways in which 

capstone and work may differ, such as in the type of people involved and the stakes of the 

projects. Finally, attitudes can either enable or inhibit transfer and centers on participants’ beliefs 

about engineering and education. Together, these factors play an important role in the degree of 

transfer that takes place between capstone and work.  
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Chapter 5 -  Discussion 

5.1 Introduction  

The purpose of this study was to understand the nature of transfer between capstone and 

work among recent engineering graduates entering the workforce. This aim was addressed by 

conducting a multi-case study to qualitatively investigate the type of learning transferring 

between capstone and work and identifying factors that can enable or inhibit this transfer. Four 

categories of transferred skills, as well as four factors emerged from this analysis. In this chapter, 

these results will be interpreted in relation to existing literature on transfer.  

The following section will begin with a discussion of how the theoretical lens in this 

study influenced the results. Next, there will be a discussion of successful transfer and the 

differences between the two dimensions discussed in this study. Finally, the section will 

conclude with a discussion about the factors that tend to influence transfer.  

 

5.2 Influence of Theoretical Lens 

One of the defining features of this study’s design was its use of Actor-Oriented Transfer 

(AOT) as a guiding framework. AOT is unique in that it focuses on participants’ perceptions of 

transfer in a given context. This differs from older perspectives on transfer, which are typically 

based on the observers’ (or researchers’) perspective (Lobato, 2012). The use of AOT directly 

influenced the results of this study due to its ability to highlight types of transfer that would have 

otherwise gone unnoticed. Whereas existing transfer theories tend to lead researchers to look for 

specific types of transfer and noting whether it did/not successfully replicate itself across 

contexts (e.g. Thorndike & Woodworth, 1901), AOT allows participants to define success for 

themselves by sharing their perceptions of how learning moves between two contexts. This 

becomes particularly important in discussions about capstone and work, primarily because of the 

limited amount of literature available on this topic – predefining any type of learning that should 

transfer to the workplace would have limited the scope of the results and may have caused many 

instances of transfer to not have been noted. Since AOT was employed in this study, participants 

were given the power to define the types of learning that transferred, providing an excellent lens 
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for the exploration of a space that is not well understood. For example, one of the most 

commonly transferred skills that emerged from this analysis was the ability to work with 

incomplete information. One participant found that the process of learning how to install the 

electrical wiring in a car during their capstone course helped with learning about how business 

functions in the automotive industry because it taught them how to approach a situation when 

they do not have all the necessary knowledge. Though these contexts bear very little 

resemblance, the participant was able to use knowledge from capstone to help them in the 

workplace. Situations like this one were only highlighted because AOT makes space for and 

prioritizes the participants’ perceptions of what transfers, not the researchers’ perceptions.  

This approach is particularly important in discussions regarding the prevalence of transfer 

within the literature. For decades, many scholars suggested that transfer was a poor metaphor to 

describe learning and argued that it rarely occurred (Beach, 2002; Bransford & Schwartz, 1999; 

Broudy, 1977; Detterman & Sternberg, 1993). This was primarily because most studies on 

transfer failed to find evidence that it was taking place. Lobato (2012) argued that the problem 

was not that transfer was not occurring, but that it was being measured incorrectly – she provided 

an example by teaching students how to calculate slope. Specifically, they were taught that slope 

could be found by dividing “rise by run” and were given several opportunities to practice on 

using lines and staircases. When asked to find the slope of a slide, many students did not get the 

correct answer and it was assumed that transfer did not occur. Follow-up interviews using AOT 

indicated that students understood that slope was a relationship between rise and run, but had 

simply made incorrect decisions when measuring the rise and run values. Though traditional 

approaches to transfer would have concluded that transfer did not occur, AOT highlighted the 

fact that some degree of transfer did occur, despite the students getting the answer wrong 

(Lobato, 2012). This same concept applies to transfer between capstone and work and 

emphasizes the importance of prioritizing participants’ perceptions of transfer. By giving 

students the opportunity to discuss transfer from capstone in interviews and reflective journals, 

this study found instances of successful transfer that would have otherwise remained unknown.  

In addition, AOT allows other approaches to transfer (such as the identical elements 

model or the general principles model) to be accounted for. For example, though some 

participants may have transferred their knowledge based on similar elements between the 
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capstone and work contexts (Thorndike & Woodworth, 1901), others were able to extrapolate the 

general principles taught in the capstone course and apply them in the workplace (Judd, 1908). If 

one of these theoretical frameworks were chosen instead of AOT, key instances of transfer may 

have been missed. Using AOT allowed participants to dictate what caused transfer to occur 

instead of predefining these methods beforehand. In summary, this research demonstrates the 

importance of focusing on the participants’ perceptions of transfer and provides evidence that 

transfer can be found if the appropriate methods and approaches are used.  

 

5.3 Successful Transfer 

As discussed in Chapter 4, this study found many instances of successful transfer 

between capstone and work. In particular, four categories of skills were identified, including 

interpersonal skills, disposition, analytical skills and strategizing skills. Within each of these 

categories, specific skills were categorized into one of two dimensions based on AOT.  

 

5.3.1 Dimension 1 

Dimension 1 is characterized by isomorphism, or transfer situations where the original 

context and the transfer context share significant similarities (Lobato, 2012). Forms of transfer 

falling into dimension 1 were common in the study, which is unsurprising since capstone courses 

are intentionally designed to bear strong resemblance to the workplace environment. In fact, 

many of the skills that successfully transferred between capstone and work were in some way 

listed in the learning objectives for the course. Skillsets such as problem solving and project 

management were mentioned most frequently by study participants, indicating that students 

successfully grasped these concepts and were able to translate them into the workplace. 

Reflecting on the literature presented in Chapter 2, it could be argued that dimension 1 has strong 

similarities with the identical elements model. Similarities (or identical elements) between the 

capstone and work contexts may have allowed participants to transfer their knowledge more 

easily into the workplace. More research is needed to investigate the alignment between 

dimension 1 and the identical elements approach.  
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Two of the most frequently mentioned skills transferring between capstone and work 

were teamwork and communication, which are associated with the interpersonal skills category. 

This is interesting in the context of student preparedness for work, since some literature has 

pointed to a lack of professional skills in engineering graduates (Evans, Beakley, Crouch, & 

Yamaguchi, 1993; Holcombe, 2003; Lang, Cruse, Mcvey, & Mcmasters, 1999; Meier, Williams, 

& Humphreys, 2000; Sageev & Romanowski, 2001; Scott & Yates, 2002). Holcombe (2003) 

identified a number of areas in which graduates needed more preparation. At the top of this list 

were communication and teamwork. Male et al. (2010) echoed this sentiment, listing 

communication as one of the three most prominent deficiencies identified in engineers. These 

findings are interesting since participants in this study perceived teamwork and communication 

as transferring frequently between capstone and work. Along these lines, several other studies 

have addressed this issue. For example, Martin et al. (2005) found that participants in their study 

felt that they had good general communication skills. Passow (2012) found that students 

understand the value of these interpersonal skills, rating them highly with regard to importance 

in professional practice. The results of this study raise interesting questions about perceptions of 

preparedness, and whose perceptions of preparedness matter most. Perhaps graduates feel that 

they are transferring these professional skills but, in reality, are falling short of the necessary 

level of proficiency that employers desire. Alternatively, these results could point to the need for 

more research to determine why there is a misalignment between how students perceive these 

skills as transferring and how employers view these competencies as lacking.  

 

5.3.2 Dimension 2 

The second dimension of successfully transferred skills is unique to the AOT framework, 

and a unique contribution of this study. This dimension is characterized by non-isomorphic 

instances of transfer, or situations where there is very little similarity between the original 

context and the transfer context. As a result, the types of transfer categorized in dimension 2 

were typically not on the list of objectives for the capstone courses and were often more abstract. 

For example, two of the most frequently mentioned skills in dimension 2 were working with 

incomplete information, and seeking and using resources. Though capstone courses may have 

not directly intended to teach these skills, each were important lessons learned by the participants 
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that they were able to take into the workplace. Reflecting once again on the literature presented 

in Chapter 2, it could be argued that dimension 2 aligns with approaches to transfer like the 

general principles model. If participants were able to use the principles learned from their 

capstone projects and extrapolate them in new contexts, it could be said that transfer occurred 

because students had an understanding of the concepts that undergird the concept or 

phenomenon. 

Alternatively, another useful way of describing dimension 2 may be through analogical 

reasoning. This is defined as “the ability to recognize and reason about common relational 

structure across different contexts” (Gentner & Smith, 2012, p. 186). Analogical reasoning is 

used to connect familiar situations even when the elements of the two situations are not similar. 

This type of reasoning is rooted in analogy, which is used when a system of relations applies 

across different sets of elements. For example, someone may recognize that a furnace uses fuel 

to produce energy in the form of heat, and may then extrapolate this analogy to understand that 

mitochondria use glucose (or fuel) to generate ATP (or energy) (Gentner & Smith, 2012). 

Though the elements of the two contexts differ, common relations across these situations allow 

the analogy to be employed. This insight bears a great deal of resemblance to transfer, 

specifically the second dimension of AOT. This resemblance primarily comes from the ability to 

use information about one situation to assist in another. Instead of using the notation of the 

original context and transfer context, analogical reasoning refers to a source analog and a target 

analog (Gentner & Smith, 2012). When parallels between the two analogs have been identified, 

the source analog can be used to create explanations and draw conclusions about the target 

analog. In a similar manner, participants in this study use capstone as the source analog and the 

workplace as the target analog. This is particularly applicable to learning that falls into 

dimension 2, where situations are not isomorphic. By seeing parallels between capstone and 

work, participants were able to use knowledge from capstone in their jobs, even if certain 

elements were not the same. For example, students were able to learn to work with their 

managers in the workplace by drawing on things they learned during their relationship with their 

advisor. Though their managers may play more of an accountability role than a support role or 

may treat them differently than their capstone advisor used to, many participants were able to 

make connections between the two contexts. In this way, analogical reasoning serves as a useful 
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way to think about non-isomorphic instances of transfer in dimension 2. More research may be 

needed to better understand this connection.  

 

5.3.3 Capstone Courses 

Conversations about successful transfer bring up important conversations about capstone 

courses themselves, specifically with regard to their value. In general, capstone courses are 

designed to bridge the gap between school and work, particularly easing the transition between 

theoretically-focused engineering courses and practically oriented workplaces (Ford et al., 2019). 

In the context of transfer, the value of capstone courses was demonstrated in this study via 

participants’ perceptions of the critical role capstone plays in preparing students for work. 

Specifically, students mentioned that capstone did more to prepare them than most of their other 

courses. Of particular interest is the emphasis on non-technical skills that were consistently 

mentioned by participants in this study. Though non-technical skills are commonly cited as 

lacking in engineering graduates (Katz, 1993; Male et al., 2010), skills such as communication 

and teamwork were among the most transferred between capstone and work according to recent 

graduates. Since many other courses in the engineering curriculum often do not have an equal 

focus on both technical and non-technical skills, this result highlights the critical role capstone 

courses play in teaching engineering students these competencies. These results support the 

claim that capstone plays an essential role in preparing students for engineering work.   

Furthermore, the results of this study align with other research that pertains to capstone 

courses. Lutz and Paretti (2017) found four emergent themes centering on student perceptions of 

capstone learning, including: 1) engineering design skills, 2) teamwork and communication, 3) 

self-directed learning skills, and 4) development of engineering identity. These four themes share 

significant similarities with the four categories of skills found to transfer in this study. Along a 

similar line, Ford (Ford et al., 2019) found that students drew on capstone most for self-directed 

learning and interpersonal communication challenges. These align well with the analytical and 

interpersonal skills categories identified in Chapter 4. As such, the research in this dissertation 

provides additional evidence to support the findings of these studies by acknowledging that 

students not only learn these skills but are also able to transfer them to the workplace. This study 

also affirms many of the attributes of top-quality engineers identified in Davis et al. (2003). 
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These common attributes include, technical competence, teamwork, communication, product 

development, and others. Additionally, participants in this study affirmed several of the capstone 

design learning outcomes derived from attributes of top-quality engineers. In particular, these 

outcomes include manage project schedule and resources, communicate for project success, 

establish relationships for quality performance, among others. Broadly speaking, this study 

furthers the contribution of past work by validating what students are learning and suggesting 

that they are also able to transfer this learning into the workplace.  

 

5.3.4 Transfer and Study Variables 

Despite the overall effectiveness of capstone, students do have slightly different 

experiences as they transition between capstone and work. Several variables, such as capstone 

project type or the size of their new employer, contribute to this difference. This begs the 

question: does variations in the structure of a capstone experience affect transfer? Though this 

study is qualitative and seeks to make no causal claims about how variations impact outcomes, 

taking note of these trends could provide a basis for future studies. Recall that participants in this 

study were chosen based on three variables: site (university), project type (industry, faculty, or 

competition), and employer size (small/medium and large). More specifically, the participants 

were chosen roughly based on the distribution of these variables within the data. For example, 

since just over 60% of participants went to work in large companies, 5 out of 8 cases were 

participants who work in a large company. Interestingly, no clear relationship between any of 

these variables and successful transfer seem to be present. Figure 4-6 presented a frequency chart 

that illustrated the degree to which each category of skills was discussed by each participant. 

Specifically, the size of each bubble was dictated by the proportion of sub-skills within the 

category mentioned by the participant. All categories of skills were mentioned by every 

participant, apart from disposition, which was not mentioned by three out of the eight. Further, 

the relative size of the bubbles remained fairly consistent across all participants. Overall, this 

consistency indicates that students are having a similar learning experience despite differences in 

site, project type, or employer size. This is not to say that these variables have no effect; in fact, 

some participants acknowledged the advantages of having a specific type of project (typically in 

reference to the benefit of an industry project). Still, despite these differences, most participants 
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consistently transferred all four categories of skills, indicating that graduates still experience 

successful transfer regardless of these variables.  

 

5.4 Factors Influencing Transfer 

Beyond the successful transfer of specific categories of skills, this study also identified 

factors that influence transfer, including access to support and resources, project structure, 

contextual differences, and attitudes. These factors build upon research performed by others. For 

example, Lauff, Kotys-Schwartz, Rentschler, Weidler-Lewis, and O’Connor (2015) explored the 

disconnect between engineering design in university-based engineering practices and 

professional engineering practices. They claimed that engineering design is heavily dependent 

upon the factors of space and time, meaning that spaciotemporal organization has a significant 

influence over how design is thought about and carried out. The results of the study in this 

dissertation reflect these differences in the project structure and contextual differences factors. 

Both suggest that transfer between capstone and work can be inhibited by how design projects 

are organized. As such, both argue that these differences between school and work can have 

important implications for transfer. Furthermore, Pembridge and Paretti (2019) created a 

functional taxonomy of the pedagogical practices used by capstone faculty. Many of the teaching 

functions identified in the results align with the access to support and resources factor, which 

posits that students need significant levels of support from their instructor. In particular, 

functions such as counseling, coaching, challenging, and providing a role model are essential for 

providing proper support to students within capstone courses (Pembridge & Paretti, 2019).  In 

summary, the factors identified in this dissertation intersect with others discussed in previous 

literature.  

Important to note is that the factors identified in this research can affect transfer differently 

depending on the context.  While some factors consistently enable or inhibit transfer, others seem 

to be more nuanced. For example, access to support and resources has a consistently positive 

impact on transfer. In other words, most participants indicated that sufficient access to support 

and resources in both capstone and work increased transfer between the two contexts. Similarly, 

contextual differences typically inhibit transfer, creating a context gap between capstone and 

work that can make transfer difficult. The other two factors, conversely, are more nuanced. 



92 

 

While they may encourage transfer in some cases, they also inhibit transfer depending on the 

circumstances. The following paragraphs will explore this in more detail. 

Project structure is a factor that refers to how the structure of capstone projects may affect 

transfer. Though these long-term, hands-on projects allow students to experience the entire 

engineering design process (Gruenther, Bailey, Wilson, Plucker, & Hashmi, 2009; Pembridge & 

Paretti, 2019) they may also represent significant differences from the projects recent graduates 

experience in the workplace. As a result, they enable transfer in some ways, but inhibit it in 

others. For example, capstone projects allow students to gain a holistic perspective, which is 

defined as an understanding of how a project functions from start to finish. Though this holistic 

perspective can be beneficial, it can also result in a more difficult to transition to workplaces 

where new employees may only be responsible for a portion of a larger project. Similarly, recent 

graduates may move from a very hands-on role in their capstone project to a far more abstract 

role in the workplace. Consequently, capstone project structure may enable transfer in some 

ways and inhibit it in others.   

A similar phenomenon occurs with the attitudes factor. In some cases, students believe that 

each workplace requires unique skills and thus capstone serves to provide them a foundation of 

knowledge that they must build upon in the workplace. These students tend to have a mindset 

that more easily facilitates transfer. Other students believe that capstone should prepare them 

fully for work. These students often have more difficulty in transferring their learning and may 

become frustrated that they were not taught certain topics in school. As a result, attitudes can 

either enable or inhibit transfer depending on the attitudes and beliefs of the participant. 

In summary, while some factors consistently enable or inhibit transfer, others are more 

nuanced and may change depending on the individual and environmental context. For this 

reason, this dissertation does not seek to make specific recommendations regarding some of 

these factors; instead, it aims to draw attention to the components of capstone and work that may 

affect transfer. For example, though students may experience an open-ended project in capstone 

and move into a closed-ended project in the workplace, this is not justification to make capstone 

projects less open-ended. In fact, participants in this study highlighted the benefits open-ended 

projects have for students, including the ability to brainstorm feasible solutions to problems and 

develop protocols to implement these solutions. Instead, this dissertation seeks to highlight the 
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factors that affect transfer so that all stakeholders involved in the capstone-to-work transition can 

be aware of how they may influence preparedness in the workplace. Just as education requires 

unique solutions for each classroom or context, transfer is a diverse phenomenon that cannot be 

reduced to factors that are ‘one-size-fits-all.’ 

 

5.5 Summary 

This chapter presented a discussion of the results of this study. Beginning with a 

conversation about AOT, the first section emphasized the value of using qualitative methods and 

frameworks when studying transfer as opposed to solely experimental approaches. Next, a 

discussion of the results within each dimension of AOT were discussed. For dimension 1, the 

most common types of successful transfer were reviewed and compared with those that are 

commonly cited as lacking in the literature. For dimension 2, connections to analogical reasoning 

were presented as a potential way of describing how non-isomorphic transfer occurs. This 

chapter also presented a discussion of capstone courses – specifically, it emphasized the evidence 

this research provides for the value of capstone courses and compared the results of this study to 

previous literature. It also indicated that most participants experienced all four categories of 

transfer regardless, of the university, capstone project type, or employer size. Finally, a 

discussion about the four factors identified in this study was presented. It drew attention to the 

complex nature of many of the factors, which may both enable or inhibit transfer depending on 

the context. In sum, this chapter attempted to explore the underlying meaning of the results and 

provide connections to the literature presented in Chapter 2.  
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Chapter 6 -  Conclusion and Implications 

6.1 Introduction 

This study was developed to better understand the transfer of learning between 

engineering capstone and work. Previous literature indicated that transfer was a highly debated 

topic, with some scholars believing it to be quite common and others insisting that it to be an 

inappropriate way to describe learning. Further, very little literature was available on transfer 

during the school to work transition, highlighting an important gap in engineering education. As 

such, this study aimed to better understand transfer during this important transition through the 

lens of Actor-Oriented Transfer (AOT), a theoretical framework that prioritizes participants’ 

perceptions of transfer and operationalized through two dimensions. The first dimension focused 

on isomorphic instances of transfer, or situations where the original learning context and the 

transfer context bear significant similarities. This sits in contrast to the second dimension, which 

considered non-isomorphic scenarios that many traditional transfer studies have not included. 

Using a multiple-case approach, eight participants from mechanical engineering and engineering 

science programs were sampled from four different universities across the United States. 

Interviews from the first 12 months of work were paired with weekly reflective journals from the 

first three months of employment to create the dataset. These data were analyzed in an iterative 

fashion using AOT as a guiding lens. The results of the study indicated four categories of skills 

that successfully transfer from capstone to work, including interpersonal skills, disposition, 

analytical skills, and strategizing skills. Within each of these categories are specific types of 

skills, such as communication, project management, and teamwork. In addition, the results of 

this study highlighted four factors that either enable or inhibit transfer. These factors included 

access to support and resources, project structure, context, and attitudes. In this chapter, 

implications, conclusions, and suggestions for future research will be presented.  

 

6.2 Implications 

The research presented in this study has implications for a wide variety of stakeholders in 

the capstone-to-work transition, including instructors, employers, and researchers. The following 



95 

 

sections will discuss these implications in detail by providing suggestions for improving this 

transition for engineering graduates.  

 

6.2.1 Implications for Instructors 

Capstone instructors play a key role in preparing engineering students for work. To ease 

the transition from capstone to the workplace, instructors can first ensure that students have 

sufficient support from advisors, industry contacts, and faculty. For many students, capstone is 

the first time they are asked to complete a design project from start to finish. Thus, providing 

significant levels of support is critical for helping students succeed in the classroom and ensures 

they have the best chance of transferring that knowledge to the workplace. Second, capstone 

instructors can be explicit about how the course prepares students for work. Though many things 

transfer directly, each workplace is unique and has specific requirements. Thus, the course 

cannot feasibly teach everything that will be important in the workplace. Furthermore, not 

everything that is expected to transfer will be explicit. Though some tasks will be very similar 

(typically things aligning with AOT dimension 1), others will be more implicit (dimension 2). 

For example, while some capstone courses may teach the exact software needed in the 

workplace, others may teach something different. In cases where the software is not the same, 

students may still be able to transfer lessons from learning one software to help them learn 

another (e.g., the computational thinking that is useful for coding in any software). Simply put, 

though certain tasks may not transfer directly from capstone to work, this study and others like it 

have shown that learning is often transferred even when contexts are drastically different. Being 

explicit with students about this may help them to think about transfer differently and adjust their 

expectations for how capstone is preparing them for work.  

 

6.2.2 Implications for Employers  

On the other side of the capstone-to-work transition is employers who hire recent 

graduates and expect their new employees to be prepared for work. First, employers must 

provide sufficient support and resources for their new hires. The results of this study showed that 

transfer is encouraged when recent graduates have support from those around them and access to 
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resources to help them learn their new role. This can be accomplished through frequent check-

ins, providing a designated colleague for new employees to ask questions, and ensuring that they 

are familiar with where to find help and learning materials. Second, employers must consider 

their expectations for their new employees. Though the engineering curriculum and capstone 

courses strive to prepare students for the workplace, each workplace is different and requires 

unique skills and new expectations. As a result, capstone courses are unable to prepare students 

for every task and must focus on skills that are the most widely applicable. Having said that, 

employers must realize that new employees will need to be trained on many aspects of their job. 

Therefore, an inability to perform all job tasks at the beginning of employment is not indicative 

of a lack of competency but illustrates a shift in context that can be quite difficult for new 

employees to undergo. As such, providing new hires with sufficient levels of support and 

recognizing that additional on-the-job training will be needed is key to helping them transition 

into the workplace.   

 

6.2.3 Implications for Researchers 

Finally, this study also has implications for researchers studying the capstone-to-work 

transition or any context centered on transfer. Specifically, research should be conducted using 

frameworks that capture the perceptions of those undergoing transfer. The literature review in 

this study indicated the highly debated nature of transfer, with many studies questioning its 

existence and its applicability to learning (Bransford & Schwartz, 1999; Broudy, 1977; Lobato, 

2012). Despite this claim, other studies (including this one) have begun to oppose these ideas, 

suggesting that transfer does occur but may have been measured inappropriately in the past. To 

correctly study transfer, future studies should prioritize the perspective of the participants as 

opposed to the researcher. In other words, focus should be placed on understanding how the 

participant views transfer instead of looking for specific types of transfer that the researcher has 

prescribed. Instead of positioning research as an experiment, transfer should be studied in its 

natural environment where the context remains a critical part of the study. This is particularly 

important in contexts that are being newly researched or are poorly understood. Though these 

methods certainly introduce more variables than an experimental study, the ‘messiness’ of this 

type of research lends itself to the complex nature of transfer; the transfer of learning is not a 
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straightforward phenomenon, and neither is the work of studying it. In sum, transfer is a critical 

part of learning that must be studied using appropriate frameworks and methods; researchers 

should be mindful of how they are conducting their studies and should consider including 

participants’ perceptions in their data.   

 

6.3 Future Work 

While this research provides significant insights into the transfer of learning between 

capstone and work, additional work must be done to improve this transition for recent graduates. 

First, alternate versions of this study could be conducted. The participants in this research were a 

small subset of mechanical and engineering science students from four universities across the 

United States. Further studies could include students from other engineering disciplines, such as 

civil engineering, biomedical engineering, computer engineering, etc. at various universities. 

Future studies may also consider a different timeline – though this study focused on capstone 

courses and interviewed students through one year of work, future research could consider going 

beyond capstone courses to see how learning transfers from other courses or follow participants 

for a longer period of time after they have begun employment. Each of these variants would 

provide additional insights to the transition between school and work and continue to fill a gap in 

literature that this study has begun to address.  

Second, more research must be conducted to explore the disconnect between participant 

perceptions of preparedness and the perspective held by other stakeholders. As mentioned in the 

discussion, participants in this study indicated that teamwork and communication skills were 

among the most frequently transferred of all skills between capstone and work. This stands in 

stark contrast to much of the current literature, which suggests that recent graduates have a lack 

of professional skills (Evans et al., 1993; Holcombe, 2003; Lang et al., 1999; Meier et al., 2000; 

Sageev & Romanowski, 2001; Scott & Yates, 2002). To resolve this discrepancy, more research 

is needed. Specifically, additional studies comparing perceptions of preparedness from both 

students and employers may be beneficial.  

Third, future research could be conducted on the link between transfer an analogical 

reasoning. As discussed in the previous chapter, analogical reasoning is defined as “the ability to 
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recognize and reason about common relational structure across different contexts” (Gentner & 

Smith, 2012, p. 186). Simply put, analogical reasoning is thinking that relies on analogy. This 

type of reasoning has potential connections to dimension 2 of AOT since this type of transfer 

centers on making connections between contexts that are non-isomorphic (or bear little to no 

similarity). Future studies may consider investigating the link between transfer and analogical 

reasoning to better understand how to promote transfer in non-isomorphic situations.  

 

6.4 Conclusions 

As the engineering field continues to grow, the task of preparing students for work 

becomes even more essential. Several reports published in the past decade have claimed that 

engineering graduates are not fully prepared for work (ASEE, 2013; ASME, 2012). In fact, 

reports calling for change within the engineering curriculum date back over 100 years  (e.g., 

Mann, 1918). As a result, the engineering curriculum has experienced shifts between an 

emphasis on practical application and a broad, science-based education over the past century. 

Despite this lack of stability, engineering graduates continue to be hired and employment 

opportunities continue to grow (U.S. Bureau of Labor Statistics, 2018). This begs the question: 

why are engineering graduates continually hired if they are not adequately prepared? With this 

in mind, this study sought to better understand preparedness and the transition between school 

and work. Central to this transition are capstone courses, which provide students the opportunity 

to engage in open-ended projects that simulate real-world work experiences (Pembridge & 

Paretti, 2010). However, for capstone courses to be effective at accomplishing what they were 

designed to do, students must be able to bring what they have learned from these courses into the 

workplace. In other words, the learning that happens in one context must transfer to the other. 

Consequently, this study focused on the transfer of engineering learning between capstone and 

work.  

Leveraging Actor-oriented Transfer as a theoretical lens (Lobato, 2012), this study 

prioritized participant perceptions of transfer though a qualitative, multiple case approach. The 

results highlighted four categories of transferring skills (namely interpersonal skills, disposition, 

analytical skills, and strategizing skills, and four influential factors (i.e., access to support and 

resources, project structure, contextual differences, and attitudes). Each of these factors, along 
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with the successful instances of transfer identified in the first portion of the study, were 

combined to form recommendations for instructors, employers, and researchers. Moving 

forward, more work needs to be done to fully understand transfer between capstone and work. 

Specifically, studies that focus on other engineering disciplines and consider longer-term transfer 

after the first year of work may be beneficial. Broadly speaking, this study has taken the first 

steps to better understanding the transfer of learning between engineering capstone and work. It 

has identified common categories of successful transfer, described common factors affecting 

transfer, and provided a firm foundation upon which future studies can build.  
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Appendix A -  Data Collection Protocol 

Source: (Paretti et al., 2021) 

Interview Protocol – Early Employment (3, 6, and 12 months) 

The interview will employ a semi-structured protocol, below, to prompt participants to reflect on 

the ways in which their capstone experience did and didn’t prepare them for their current 

workplace experiences. Interviews will explore participants’ experiences in the first few months 

of their job following graduation. Because this interview will come after previous data collection 

(initial interview, weekly workplace surveys, and, for 6 and 12 month interviews, after earlier 

workplace interviews), prompts may be tailored to follow up on comments or experiences 

identified in previous data. 

The interview will begin with a review of the Informed Consent.  

The protocol will follow the pattern below, but is semi-structured to allow for flexibility and 

exploration of potentially salient but unanticipated topics. 

Introduction: As I mentioned when we reviewed the informed consent, what I’m really interested 

in today is exploring your recent experiences in your job and how they might relate to your 

capstone design experience. 

 

1. Tell me a little bit about your job.  

a. What are your typical responsibilities? 

b. On a scale of 1-10, how prepared do you feel for these responsibilities? 

c. Please explain your rating. (Prompt participant to discuss capstone course versus 

other sources of preparation) 

 

2. How much or what kind of training have you received for this work?  

a. If they had training: Tell me a little bit about that experience? 
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3. How do your work responsibilities compare to what you experienced in your capstone 

course?  

a. In what ways were your experiences aligned with your capstone course?  

b. In what ways were they different? 

 

4. Thinking broadly, what has been challenging about this new job? 

a. What do you think makes that so challenging? 

b. How are you dealing with those challenges? 

c. In what ways did your capstone experience prepare you for those challenges? 

[Anywhere else?] 

 

5. *[Referencing short surveys] What skills have been necessary for you to do your job? 

Where did you develop those skills? 

a. Can you elaborate on those skills as they happened at work? 

 

6. Based on your experiences so far, can you provide a definition or description of 

engineering work? 

 

Now I’d like to talk in a little bit more detail about some things that you described in your 

weekly responses: 

 

7. Based on [interesting survey response or prior interview comments], it looks like [this 

time] was pretty important for your transition. Can you elaborate a bit more on what 

was going on then? Researcher will have participant-specific prompts based on 

journal entries 

 

Now I’d like to step back a little and talk more broadly about the transition from your 

capstone/senior design class to work. 

 

8. Knowing what you know now, is there anything that you wish you would have 

learned about in capstone? 
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a. Why would that have been important? 

b. Was there anything in capstone that you would take out or change? 

 

9. If you could give advice to the next class of graduating seniors about what to expect 

when they enter their jobs, what would that be? 

 

10. If you could give any advice to your capstone design instructor - including not only 

what to change, but what to keep doing - what would you say?  

 

I’d like to shift gears a little bit now and talk about some logistical issues. 

 

11. How was the process of responding to either survey? Was it boring? Worthwhile? 

What motivated you to respond? 

 

12. Did you receive performance reviews from a supervisor? 

a. Would you be comfortable sharing those performance reviews with us or 

describing the feedback? 

b. Would you be comfortable with us sending [supervisor questionnaire] to your 

supervisor? 

 

13. Thank you for your time, is there anything else you would like to add that we maybe 

haven’t covered, as I try to understand how individuals experience this transition 

from school to work? 
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Reflective Journals – First 12 Weeks  

 

1) What was your biggest challenge or accomplishment at work this week? 

2) What made this challenge or accomplishment significant? 

3) How did you approach it? 

4) In what ways (if any) do you feel your capstone experiences prepared you for this? Are there 

other experiences that prepared you for this? 

5) Is there anything you think your education might have done that would have better prepared 

you? 

6) Are there any other workplace activities this week that you felt particularly well or poorly 

prepared for? If so, please explain. 

7) Is there anything else you’d like to share this week as you think about transfer of learning? 
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Appendix B -  Interrater Reliability Materials  

Interrater Reliability Meeting 

 

Study Overview 

The purpose of this qualitative multi-case study is to understand the nature of transfer between 

capstone and work among recent engineering graduates entering the workforce. The following 

research questions will be addressed: 

1) What learning do recent engineering graduates describe as transferring between capstone and 

work?  

2) How is the transfer of learning between capstone and work enabled or inhibited by environmental 

factors encountered during the first year of employment? 

 

Actor-Oriented Transfer 

This study uses Actor-Oriented Transfer (AOT) as a theoretical lens. While most theories of 

transfer take an observer’s point of view and center on the participants’ ability to use a 

predetermined set of knowledge in a new context, AOT takes the participant’s point of view by 

focusing on their interpretation of what transfers in a given scenario (Lobato, 2012). AOT 

expands the traditional view of transfer beyond applying knowledge in a new context to the 

generalization of learning experiences understood through the eyes of the learner. 

Dimension 1 

The first dimension refers to more traditional conceptualizations of transfer. This covers 

situations that are typically ‘isomorphic’ to the original learning environment, or those that share 

significant similarities with the context in which learning first occurred. 

Dimension 2 
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The second dimension is what differentiates AOT from other transfer theories. This dimension 

accounts for transfer situations that are not isomorphic, or those where there is an indirect 

relationship between the learning context and the transfer context. 

Example Excerpts 

Example 1: 

Capstone exposed me to presenting information and updates in front of a direct client and to 

different industry leads during the midterm and final presentations. I’ve never truly had a 

problem presenting. I’ve presented in front of several hundred people dozens of times including 

corporate CEOs, politicians, industry leaders. However, the difference was presenting in front of 

a group that I am going to be working with for a long amount of time. Therefore, it is important 

for me to initially establish a good rapport with everyone since I’ll be consistently presenting in 

front of them. Capstone gave me good exposure to consistently presenting in front of the same 

audience, so I hope to translate those skills. 

Example 2:  

My biggest challenge of the week was making sure I was up to date with everything going on. I 

am involved in a wide array of businesses for [Company] and with that comes a broad sense of 

knowledge about each part of business. Therefore, I spend a lot of time reading and learning 

about what is going on in each sector so I can get up to date. I would not say I am nearly up to 

speed now due to the extensive depth of each division; however, I have put a valiant effort 

forward and will continue to do so in order of enhancing my value. Capstone didn't prepare me 

too much for this topic. However, I was responsible for the electrical integration of my 

[capstone] project because the rest of the team didn't want to do it. It was not that no one wanted 

to do it as much as it was nobody knew how to do it. I saw this as an opportunity to add value to 

my team, so I stood up and persuaded one of my colleagues to do it with me. Although learning 

about electrical wiring is different than [learning about] cars, it can be related as into exploring 

uncharted waters in lieu of knowledge and value. 

Example Excerpts to Code Together 

Example 1:  
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Interviewer: So, again, going back to Capstone, are there any responsibilities that you had in 

Capstone that kind of match with or maybe contrast with any type of comparison that you can 

draw  

Participant 2211: Yeah, let me see if I can think of anything. I mean, the whole ... We are a team, 

right? 

Interviewer: Yeah. 

Participant 2211: So it's been interesting to work with different teams, because you do learn 

about different people's strengths and weaknesses, and I think that's something that's kind of 

carried over from Capstone. 

Interviewer: Yeah, definitely. 

Participant 2211: So that has been a big carry-over, and I think some of that will just continue to 

apply throughout life. 

 

Example 2: 

Chris:  Okay, so before we keep going, how prepared, on a scale from one to 10, do you feel you 

are for the work that you're doing right now? 

4135M030717: I feel probably about an eight or a nine, eight and a half if that's an option. 

Chris:  Sure. 

4135M030717: I think that some of the basic skills that we learned throughout college and just 

throughout the mechanical engineering program, the capstone project, really helped me prepare 

for what the real world is like. It's as simple as sending an e-mail to a client. We definitely got 

that experience with the capstone project, also just being able to manage your time. Got that 

throughout the entire college experience. 

 Specifically with communications, which is through the capstone project, it definitely helped me 

prepare for what I'm doing day in and day out, because essentially ... At least what it feels like is 

I'm just sending e-mails all day, talking to different people on the phone and interacting with 

different folks from different areas. I think that the capstone project gave us a good 

understanding of what the real world is like as far as presenting us with the opportunity to be 

able to communicate with a bunch of different people at the same time. 
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 Having us be able to communicate with the direct client that you're technically working for, so I 

would say that's for sure, what we're doing right now. 

Example 3: 

WEEK 9 

1. What was your biggest challenge this week? 

My biggest challenge in Week 9 was the same as before: understanding everything that is going 

on. I'm not sure if I mentioned earlier; however, I received a promotion and am the program 

manager for the accessory portfolio of 7 vehicles across the globe. With this, there has been a lot 

of learning - non stop. This includes me attending many more meetings and setting up a lot of 

shadowing series with other program managers.  

2. What made it so challenging? 

All of the other program managers are between 40-60 years old which makes it difficult for me 

to relate. I have to "prove myself" which I do not mind but with that it means I have to constantly 

be paying attention and stepping up when appropriate. I have to ask questions when I'm lost but 

be able to quickly learn and retain the answer.   

3. How did you approach this challenge? Reflecting on it now, do you wish you had handled it 

differently? 

As stated, I ask questions when I am lost. I do not think there is any reason to have pride and not 

ask questions when in a position like this. Additionally, shadowing other program managers and 

connecting with them personally is one of the best approaches I believe I could be taking. These 

are all things I believe that will help me fit this role best. 

4. To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? 

My design project was involved with me doing something I've never done before. It is similar to 

the position I am in now. Therefore the same kind of philosophy applies. I have to stay on top of 

everything, ask questions when I am lost, and constantly be looking to learn and apply 

everything.  
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Questions?  

The following excerpts can now be coded on your own.  

Excerpt 1 

Interviewer: Okay. And ... yeah. Well, now I'm curious about how that experience compares to 

Capstone. Whether you've ever experienced something similar like that in Capstone? Or, 

whether Capstone prepared you for something like that? 

Participant 4256: I think Capstone did. I was the project manager on the engineering side of it. 

So, I was more organizing my scope and who I needed to talk to and if anything was falling 

through the cracks. So, I had a pretty good system down for that. Then, when I got onto this job 

... I don't know. I think I even relaxed a little bit and didn't feel like I had to be as thorough, 

because I wasn't as ... I guess I didn't feel as responsible since I wasn't the project manager or the 

one that was ... steering the oar, I suppose, if that's the right metaphor. But ... yeah. I don't know. 

I think in Capstone, I was just more focused on it, because I felt like I had to be. Whereas here, I 

didn't feel like I had to be until I learned that I had to be.  

Interviewer: Hm. Okay. I think that's pretty interesting. Okay. So, now the counterpart 

question is what are the things that you have been really prepared for?  

Participant 4256: I guess ... the presentations I've been fairly prepared for. So, even this week 

I've had two really long meetings to justify all my decisions for these two large projects. And, I 

felt very comfortable sitting in there with my peers and discussing all these engineering decisions 

and assumptions that I made. And, I think this was actually ... since the new year is since I've 

noticed feeling more comfortable with that.  

Interviewer: Mm-hmm (affirmative). Can you give me an example of an engineering assumption 

and how you would present it or talk about it? 

Participant 4256: Sure. So, like ... let me think of a good inclusive one. Since we do a lot of finite 

element modeling, if I say I applied this boundary condition because the client gave me this 

information. But, I was missing a big chunk of it. I've filled in the blanks that the client left out 

through these cited sources, or through this good engineering assumption. Being that I can't 
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really talk about client work, it's I guess like that. Just being able to say I did this because of this. 

I think this resembles reality, because of these sources or because of that's just the way Physics 

should  

 

Excerpt 2 

Interviewer: Okay. Fair enough. So, over the last few months is there one most significant 

accomplishment that you've had at work? Something that really sticks out? 

Participant 3276: Let me see. I think, when I think of accomplishments I think of initiatives that 

I've taken.  

Interviewer: Okay. 

Participant 3276: So, one of the first things that I did when I first came, like my second week. 

Our company works in a way so we have multiple projects and there's like one business analyst 

in each project. So I have no idea what the other projects are doing, I have no idea what they're 

therapeutic is, what procedures they're trying to target, nothing. So, in my second week I was 

like why couldn't we create some sort of round table for at least the business analysts to come 

together and kind of teach each other what their projects are doing.  

 So I thought of those round table discussions and then it kind of escalated. So now not 

only do we give updates, we also teach each other skills that we'd been learning in our specific 

project. 

Interviewer: Really? 

Participant 3276: Yeah, or like [Team Member] or [Team Member 2] think, or even mistakes or 

failures that we come across, things like that. We share all project knowledge. We're pretty close 

people so that really helps. 

Interviewer: Yeah. 

Participant 3276: So, yeah that's been very valuable. I think everyone's learning in that. You 

know we're sharing our knowledge.  

Interviewer: Definitely. 
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Participant 3276: And that didn't exist before I came.  

Interviewer: Yeah. Now so do you think Capstone helped you prepare to kind of take those 

initiatives like that? 

Participant 3276: I definitely think so.  

Interviewer: Okay. 

Participant 3276: I think one of the things that we...I mean as an engineer in general, you always 

learn is like what are your three needs? What [inaudible] success, you know? So sometimes 

you're like oh why don't I know what the other projects are doing? What are other people 

thinking of the companies? Until you really realize that there's not a lot of communication, or 

interdisciplinary learning. 

Interviewer: Fair enough. 

Participant 3276: Interproject thing. So, I think you have to, that's like the engineering mentality 

to kind of go to the root of cause/analysis and you try to figure out like okay what can I do about 

it, who are the stakeholders? [crosstalk] And then I'm exaggerating the simple thing that I could. 

But you know in general that's what you do as an engineer. I think from that perspective my 

Capstone, I think in my Capstone I initiated a lot of times that I would always try to figure out, 

not only through, am I trying to think about my client but also in trinity. What are the needs of 

my team members? How can I facilitate our conversations better? How can we work better 

together? So you kind of constantly treat, not only your client as a stakeholder but also you're 

team members. We're all stakeholders in the work that we're doing. 
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Excerpt 3 

Interviewer: Mkay, interesting. Then, obviously that's a difference. Is there anything that aligns 

with what you did in capstone? 

Interviewer: Or is it pretty different? 

Participant 2211: Yeah, I mean running a team, that's kind of the same people skills. That 

definitely transfers over, and then just how you think about things. Being able to analyze 

something quantitatively. To think of something outside of the box. 

Interviewer: Right, okay. 

Participant 2211: That definitely transfers over, kind of the problem solving. Capstone that 

transfers, and other than that not too much. I had to create some presentations and that helps. 

Making slides and organizing information, giving information to people so they can understand it 

effectively. You know you don't want to overload them or anything. And that's more or less it. 

Interviewer: Okay. 

Participant 2211: Really the big take away was team meetings. How to run a team meeting and 

what's important, what's not important, how do you keep people on the same page? That's been a 

big part. 

Interviewer: A big one? 

Participant 2211: Yeah, a big thing. 
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Excerpt 4 

Week 5 

1. What was your biggest challenge this week? 

My biggest challenge was having a full understanding of everything that's going on. It's been 

almost 2 months but there is still so much to learn and understand. Making sure I stay on top of 

everything and more importantly understand all of the language going on is my biggest 

challenge. 

2. What made it so challenging? 

What makes it so challenging is how many acronyms are used throughout the company. There 

are so many. Literally thousands and even if you know what it stands for it does not necessarily 

mean you know what it means. This has made it very challenging on top of the fact that I'm not a 

big car guy so having to learn a whole new language has been difficult. 

3. How did you approach this challenge? Reflecting on it now, do you wish you had handled it 

differently? 

Notes, notes, and questions. Every time there is something I don't understand I write it down and 

look for the answer afterwards. If I can't find the meaning or am not sure if I found the right 

definition then I will ask my boss. Then going forward, I look for opportunities where I can use 

the new lingo I learned. I believe this is the most effective way in approaching the challenge and 

don't think I would approach it differently. 

4. To what extent did you feel prepared for this challenge based on your capstone design 

experience? Based on other experiences? 

Understanding a whole different type of language like "hot rod talk" is something that I was 

exposed to in my capstone design experience. I had to learn the firefighters lingo and understand 

the industry. The main different is that there is a lot more to learn in the automotive industry than 

the fighter industry. There is more terminology and sophistication. That is the only real way I see 

my capstone experience has prepared me for this.   
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5. Is there anything you think your education might have done that would have better prepared 

you? 

I didn't learn much about the automotive industry while I was in school. However, I believe that 

in courses like thermodynamics they should take the components of systems and relate them 

directly to real world application (e.g. how a supercharger or turbos effects an engine and how 

the air the fuel ratio directly impacts a car - not just the theoretical) 

6. Are there other workplace activities this week you felt particularly well or poorly prepared 

for? If so, please explain. 

No there is nothing I did not feel overly or un-prepared for.  

 

Week 6 

1. What was your most significant accomplishment this week? 

My most significant accomplishment was doing a vehicle analysis on one of our cars to our 

competitors. I can't go into the detail of the analysis but it was really cool seeing what the 

competitors had to offer and to see which items we viewed as impressive compared to the 

consumer. I presented the findings to a large group of engineers and marketers. This was my 

most significant accomplishment because I received very positive feedback and was asked by 

many people to share my presentation with them. 

2. What made it significant? 

This was my most significant accomplishment because I received very positive feedback and 

was asked by many people to share my presentation with them.   

3. Did anyone help you in achieving this accomplishment? How did they help? 

My boss once again helped me frame my presentation. I shared it with him prior to the big 

presentation and he critiqued it so I made adjustments where appropriate. It was very helpful 

because he additionally prepped me for potential questions that may arise.  

4. To what extent did you feel prepared for this accomplishment based on your capstone design 

experience? Based on other experiences? 
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Once again, my capstone design gave me a lot of experience in presenting amount all different 

audiences (peers, clients, industry subject matter experts). This is probably the biggest 

contributor that capstone did to prepare me for this. 

5. Are there other workplace activities this week you felt particularly well or poorly prepared 

for? If so, please explain. 

Not as of now!  
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Excerpt 5 

Interviewer: Yeah. Okay. Okay. Then I think we can talk more about your senior design 

experience and start working that back into the conversation. So the first question to that affect is 

just, in hindsight, this far out from your Capstone experience, what do you think about it or how 

do you feel about it? 

Participant 4256: I still feel like a lot of my drive and my confidence came out of Capstone, more 

than anything else. I mean, I wasn't in a technical role, right? But I was managing the Baja team. 

I was the project manager of that, and we were the biggest Capstone team on campus. And it was 

a huge project. And I think, of anything else, I just got a good amount of confidence out of it. To 

me, it felt like it was a success and it was the first time where I'd actually realized what you 

could get out of actually completely diving into a subject. Completely diving into a project. You 

don't really get that out of a lot of these other assignments or classes or course [inaudible] or 

anything like that. You never really dive completely into it. Or at least I did. But it just gave me a 

better understanding of what it means to be fully invested into a project. 

Interviewer: Okay. So how has that confidence affected your work at this point?  

Participant 4256: I think it's really affected my work ethic in how I approach a lot of these 

problems now. Instead of just accepting what's handed to me at face-value, I think I'm a lot more 

inquisitive about the problem I'm being presented. It's not that same you get a homework 

problem and you know there's a fixed solution to it type project. You know there's always, 

especially in my industry, there's always a good enough answer. And determining what that good 

enough is, I think, something I really gather from Capstone. 

Interviewer: Okay. Is there anything that you wish you would have learned in Capstone? 

Participant 4256: I only wish that I would have learned more of the client interaction side of 

Capstone. Since I was a competitive team, we didn't necessarily have a client. I mean, we had a 

main sponsor, but they were extremely hands-off. I never really talked to them. They never really 

talked to me. So I do wish I had that more client interaction that some of the other teams got. The 

ones that were working [inaudible] or what have you. 
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Interviewer: Okay. And you think... can you talk about this uncomfortability that you have with 

the client interactions? I mean, you've mentioned it and you talked about it as overthinking, I 

think you mentioned. Could you talk more [crosstalk]? 

Participant 4256: Yeah. So what it is is just a millennial, 21st century problem or not. I mean, 

picking up the phone you [inaudible] for most people. Seems like everyone my age is [inaudible] 

some degree. So that doesn't make it easy to get started with it. And also, I mean, I'm much 

younger and much less experienced in a lot of these people I'm talking to. So for me to pick up 

the phone and feel confident that what I am telling them is true and factual and is scientifically 

correct or what have you, it's a little bit nerve-wracking. Since I am so new to the industry, I feel 

like I know a lot but I still need to use my resources to be certain of what I know. 

Interviewer: Okay. So if I'm interpreting what you're saying correctly, it sounds like if you had 

had more of those experiences in Capstone, maybe you would be more comfortable with that 

now.  

Participant 4256: Maybe. It might've helped me a little bit with the initial getting over the fear of 

just interacting with these types of people, for lack of a better way for me to say that right now. 

But just having initial client interaction. Understanding how these people act and think and what 

they expect out of a conversation especially when you're not either familiar with them face-to-

face yet or you don't know them very well, or what have you. So I think that would help with 

that first couple of hurdles but there's always going to be this subject matter and knowing what 

you're talking about that's always going to be a bit of an issue. Regardless of Capstone, I mean. 

Interviewer: Yeah. Well, now I'm curious. How do these people act and think and what do they 

expect of a conversation?  

Participant 4256: It is incredibly different depending on what industry and what individual you're 

talking to. Some of these guys are the greasy old... the kind of guys that would eat dirt and tell 

you what's in it type of people. Other of them are more of the business-minded and are much 

more professional. So it's like every single interaction is completely, wildly different. But so far, 

I've found which Capstone, I guess, did teach me, regardless if I use it or not. It was be 

professional first and then, depending on what I get back from them, I usually tailor how I 

interact with them based on that. But I don't know. It's still something where I'm reading emails 
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four times through just to make sure I didn't have a typo or anything weird or Sin structure looks 

good or I'm not saying something that I shouldn't say to a client. It's those kind of anxieties that 

still persist as well. 

 



127 

 

Appendix C -  Codebook 

Category Subcode 
AOT 

Dimension 
Definition Example 

Interpersonal 

Skills 
Communication 1 

Communication 

skills, both 

written and oral 

Interviewer: Knowing what you know now - you're like a veteran 

now - is there anything that you wish you would've learned when 

you were in Capstone, anything that would've helped you out or 

made things a little smoother? 

Participant 2211: Not a lot. I mean, I'm trying to remember what I 

said last time, but ... 

Interviewer: I can look... as far as kind of just ... I mean, yeah, the 

communication, that's been huge for me. So just learning how to 

talk and what to speak to, that was definitely huge in this position. 

Interviewer: Okay, and you got a lot of that in Capstone, I'm 

assuming? 

Participant 2211: Yeah. No, yeah, I would say I definitely got a lot 

of that out of Capstone ... 

Interviewer: Okay. 

Participant 2211: ... and just feeling comfortable talking with 

people about the different issues or just calling people in general. 

Interpersonal 

Skills 
Teamwork 2 

Understanding 

how to 

collaborate and 

work in teams 

Also, establishing good connections with your coworkers. Almost I 

think it's like a whole different ballgame. Sometimes you know 

like, [inaudible 00:52:02] or if you work on projects in school, 

sometimes you just brush that. If you don't like someone or if 

someone doesn't do work, you can just easily do it, or take over 

their work. Ignore them and not deal with the situation, but in the 

working world, relationships are important. You're going to find 

people that you just simply cannot ... It's very difficult to work 

with, but it's very important that you address it and find good ways 

to go at it. In the design clinic, when something like that happens, 

it's important to not just brush it off like you do in school projects. 

But to try to find constructive ways attacking the situation. I think 

being exposed to that will help you do that in the working world. 

That's good. Sometimes difference of opinions is great, you know? 

It keeps the checks and balance and keeps the team open to 
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Category Subcode 
AOT 

Dimension 
Definition Example 

consider things they'd never consider. It's important to have that, 

but at the same time, if it causes any kind of distress to the point 

that the team can't function, it's important to address it 

constructively, yeah. - Participant 3146 

Interpersonal 

Skills 

Working with 

Superiors 
1 & 2 

Working with 

someone who 

has greater 

authority, such 

as a supervisor 

or instructor 

I think what's really valuable for us, and I even told her, is that we 

really like the fact that she was very involved in our day-to-day ... 

We had these one-on-one sessions which kind of mimic your one-

on-one sessions with your manager, if anything. Those things 

shouldn't be cut off, because those are things that are very valuable: 

having those discussions, talking about these problems that are 

happening in the team, if there are any. To me, I valued that a lot. 

[crosstalk] I think I didn't have a chance to ... I think a lot of her 

issues happening ... But within my team in Capstone, it kind of 

dragged on too far before we brought up stuff to her. I think a part 

of it was us being [inaudible], wanting to try and solve it. I don't 

know if that's the best thing, but there was a certain sense of 

wanting to try to solve it yourself and not having to bother her a 

little bit. - Participant 3146 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Disposition Confidence 2 

Feeling of self-

assurance 

regarding one's 

abilities  

Interviewer: Yeah. Okay. Okay. Then I think we can talk more 

about your senior design experience and start working that back 

into the conversation. So the first question to that affect is just, in 

hindsight, this far out from your Capstone experience, what do you 

think about it or how do you feel about it? 

Participant 4256: I still feel like a lot of my drive and my 

confidence came out of Capstone, more than anything else. I mean, 

I wasn't in a technical role, right? But I was managing the Baja 

team. I was the project manager of that, and we were the biggest 

Capstone team on campus. And it was a huge project. And I think, 

of anything else, I just got a good amount of confidence out of it. 

To me, it felt like it was a success and it was the first time where I'd 

actually realized what you could get out of actually completely 

diving into a subject. Completely diving into a project. You don't 

really get that out of a lot of these other assignments or classes or 

course [inaudible] or anything like that. You never really dive 

completely into it. Or at least I did. But it just gave me a better 

understanding of what it means to be fully invested into a project. 

Disposition Taking Initiative 2 

Doing things 

without being 

told or taking 

charge of 

opportunities  

Interviewer: Okay. Fair enough. So, over the last few months is 

there one most significant accomplishment that you've had at work? 

Something that really sticks out? 

Participant 3276: Let me see. I think, when I think of 

accomplishments I think of initiatives that I've taken.  

Interviewer: Okay. 

Participant 3276: So, one of the first things that I did when I first 

came, like my second week. Our company works in a way so we 

have multiple projects and there's like one business analyst in each 

project. So I have no idea what the other projects are doing, I have 

no idea what they're therapeutic is, what procedures they're trying 

to target, nothing. So, in my second week I was like why couldn't 

we create some sort of round table for at least the business analysts 

to come together and kind of teach each other what their projects 

are doing. So I thought of those round table discussions and then it 

kind of escalated. So now not only do we give updates, we also 
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Category Subcode 
AOT 

Dimension 
Definition Example 

teach each other skills that we'd been learning in our specific 

project. 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Analytical 

Skills 
Problem Solving 1 

Finding 

solutions to 

challenges. 

Related to the 

engineering 

design process 

1. Have there been any major changes in your job over the past 

month? If so, what? 

No major changes. I am still just taking any tasks that come my 

way and trying to begin thinking about where I would like to fit in 

in the company. 

 

2. What was your most significant accomplishment this week? 

My method for simplifying a model for FEA analysis was approved 

by a [State] PE this past week. 

 

3. What made it significant? 

It was rewarding to see something that I had developed, tested, and 

validated get approved for use in the final analysis. It took a good 

amount of work and thought. 

 

4. Did anyone help you in achieving this accomplishment? 

I had the typical amount of consulting help with this. The chief 

engineer helped brainstorm ideas for different modelling methods 

as well as validating assumptions. The project manager was the one 

who actually presented my results to the PE. 

 

5. To what extent did you feel prepared for this accomplishment 

based on your capstone design experience? Based on other 

experiences? 

I felt very prepared for this. This type of problem solving and 

creating presentable work is exactly what Capstone prepared me 

for. - Participant 4256 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Analytical 

Skills 
Metrics/Standards 1 

Understanding 

specifications 

and how to 

meet them 

Participant 1241: But I guess the big thing is the validation process. 

We did a lot of validating in Capstone. And so if you think about 

every accessory you put on a vehicle, it has to validated, at 

[Company].  

Interviewer: Mm-hmm (affirmative). 

Participant 1241: And so being able to truly understand what 

engineering validation is, is a big correlation.  

Interviewer: Okay.  

Participant 1241: And then being able to speak just the engineering 

lingo.  

Interviewer: Okay. So two follow up questions. The first is, what is 

engineering validation? 

Participant 1241: So I mean I guess in the context of now, what I'm 

doing?  

Interviewer: Mm-hmm (affirmative). 

1241M100918: So I guess it's the same thing. In terms of creating a 

product and then validating it through, making sure it meets all of 

the target specifications. Making sure that it can withstand certain 

forces, that it's waterproof, that it can go through all these different 

types of tests. And is robust enough and designed well enough to 

truly be used in all the different conditions by a customer.  
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Category Subcode 
AOT 

Dimension 
Definition Example 

Analytical 

Skills 

Technical 

Analyses & 

Calculations 

1 

Methods of 

analysis, 

equations, or 

procedures 

needed to solve 

engineering 

problems 

Interviewer: Hm. Okay. I think that's pretty interesting. Okay. So, 

now the counterpart question is what are the things that you have 

been really prepared for [as a result of capstone]? 

 

Participant 4256: I felt very comfortable sitting in there with my 

peers and discussing all these engineering decisions and 

assumptions that I made. And I think this was actually ... since the 

new year is since I've noticed feeling more comfortable with that. 

 

Interviewer: Mm-hmm (affirmative). Can you give me an example 

of an engineering assumption and how you would present it or talk 

about it? 

 

Participant 4256: Sure. So, like ... let me think of a good inclusive 

one. Since we do a lot of finite element modeling, if I say I applied 

this boundary condition because the client gave me this 

information. But I was missing a big chunk of it. I've filled in the 

blanks that the client left out through these cited sources, or through 

this good engineering assumption. 

Analytical 

Skills 
Software 1 & 2 

Skills related to 

a certain 

software 

program, such 

as Excel or 

MATLAB 

Okay. Let me see. So, during my internship I used process mapping 

software which was actually, I was able to use it because I had used 

it for my Capstone Project. So that was a completely transferrable 

skill. - Participant 3276 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Strategizing 

Skills 

Project 

Management 
1 

Leading a team 

or task through 

to completion  

Participant 3276: So in the summer I interned at the [inaudible] 

clinic here. And so I kind of, so I'm going to speak to how I was 

back then and then also how I started in August in this company. I 

think I was pretty prepared for certain things, like I think I have 

pretty good project management skills. 

Interviewer: Okay. 

Participant 3276: I think I was a lot better than they expected me to 

be. I think we do a lot of that in our capstone project. 

Strategizing 

Skills 

Time 

Management 
1 

The ability to 

use one's time 

effectively and 

make a 

plan/schedule 

I was actually just thinking about that the other day. I'm like, 

"Actually, most of what I'm doing, I honestly probably learned the 

most out of my design clinic." I have an engineering degree and I'm 

not using it at all here. Because of the engineering knowledge, but a 

lot of it is knowing how to time manage, knowing how to... Just 

management and the organization, in general. And I think that's 

what I learned the most out of my design clinic project. – 

Participant 3276 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Strategizing 

Skills 

Working with 

Incomplete 

Information 

2 

The ability to 

identify what is 

not known and 

execute a plan 

to get up to 

speed 

What made it so challenging? What makes it so challenging is how 

many acronyms are used throughout the company. There are so 

many. Literally thousands and even if you know what it stands for 

it does not necessarily mean you know what it means. This has 

made it very challenging on top of the fact that I'm not a big car 

guy so having to learn a whole new language has been difficult.  

 

To what extent did you feel prepared for this challenge based on 

your capstone design experience? Based on other experiences? 

Understanding a whole different type of language like "hot rod 

talk" is something that I was exposed to in my capstone design 

experience. I had to learn the firefighters’ lingo and understand the 

industry. The main different is that there is a lot more to learn in the 

automotive industry than the fighter industry. There is more 

terminology and sophistication. That is the only real way I see my 

capstone experience has prepared me for this.   
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Category Subcode 
AOT 

Dimension 
Definition Example 

Strategizing 

Skills 

Seeking and Using 

Resources 
2 

The ability to 

find and 

leverage 

needed 

resources, both 

physical and 

human 

In regards to my biggest challenge this week, I am currently 

picking up a project from a previous [Coworker's Position] who has 

been promoted to a higher position. Usually, new [Coworkers] 

don't take over the project work entirely until 3-6 months in, just 

because the nature of the job requires a lot of legal contracting and 

some technical finance and documentation protocols. However, 

because I have been assigned my company's busiest project, I had 

to jump in to the work quicker than most [Coworkers] do. The 

challenge this week came with the conflict of not knowing to what 

extent I should still seek help or have people go over my wok even 

when I think I've got the process down. In fact, there was one point 

last week where I made a mistake in one my emails because no one 

had double checked it. The person I'm picking up the work from is 

also very busy and I really don't want to take over his time more 

than I need to. 

 

My boss (cced in that email) caught the mistake and emailed me 

clarifying the knowledge gap. I emailed him back, thanked him for 

taking the time to clarify and told him I was happy to follow up 

with the third party and clarify what I meant. He said there was no 

need to but he appreciated my willingness to do that. Reflecting on 

it now, I realise that it's better to take the time to ask questions early 

on even when it's not a 100% needed than to take the time to fix 

things later on.  

 

I don't think we get taught how to tackle such situations, just 

because these are macro-scale challenges that would only come up 

on the job. But I think my capstone experience definitely taught me 

that I need to always do my research before asking a question, but 

also not be afraid to seek help when needed. - Participant 3276 
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Category Subcode 
AOT 

Dimension 
Definition Example 

Strategizing 

Skills 

Holistic 

Perspective  
2 

Understanding 

the entirety of a 

process or all of 

its components 

to provide an 

overview or big 

picture frame of 

reference 

Interviewer: Okay, you can do that sort of thing as well. Okay. 

Excellent. So, do you think that ... And you had mentioned that 

Capstone is quite a bit different than what you're doing, and that 

you don't really learn about things like ergonomics and that type in 

school, but was there anything that you learned from Capstone that 

can help you in your approach, at least? Maybe not from a 

knowledge perspective, but from an experience perspective?  

 

Participant 2168: Right. Actually, the whole project itself, being on 

a project, working on it to make sure that it comes to fruition and 

such, that is a big, big, big advantage for things, because it not only 

puts you through the processes of stuff, but I mean, at the end, if the 

thing works, then you get that sense of accomplishment, and that 

helps you down the road. You may not think so, but I mean, every 

little bit helps, especially whenever you get out into the world, and 

all of the sudden, oh, this isn't just for school sort of thing, I'm 

having to do this and it may cost millions, but you've got a bit more 

confidence in that, that, yes, I've done something in the past, and it 

worked. I know that I can do things. 
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Appendix D -  Results Diagrams 

The figures below depict the results of this study in grayscale. The small symbols on each 

of the 14 transferrable skill segments depict which transfer category (pictured in the four circles 

in the center of the diagram) the skill belongs to.  The second figure also includes the factors 

affecting transfer found in response to RQ2 in the outer ring.  

 

 



139 

 

 

 

 


