
Using a Taxonomy to Categorize Physiological Affect Statements to 
Determine Their Impact on Other Sources of Self Efficacy 

Dr. Jennifer I Clark, Dr. Sage Kittelman, Dr. Faqeer ur Rehman,  
Molly R. Schmitt  

Montana State University  

Abstract 

To prevent students from leaving engineering and computing disciplines, new ideas, complex 
theories, and innovative ideas are needed. These ideas in mind inform the authors' application of 
the problem-solving methods of systems engineering in combination with the laws of human 
behavior science, without the use of advanced mathematical logic. The idea behind this concept 
suggests there is logic to human behavior which cannot be explained solely through traditional 
mathematical algorithms. By layering complex theories, a new method of understanding the 
influences in sources of Self Efficacy (SE) as described by Albert Bandura was proposed in other 
work. This paper builds on that work demonstrating the development of tools to support how 
students process their experience with content in engineering and computer science programs. 
The four sources of SE include three tangible and one intangible. The three tangible sources are: 
mastery experience (content), social persuasion (faculty/instructors), and vicarious experience 
(student peers). Physiological affect is the intangible SE source, most easily explained as feelings 
and emotions. Recent work suggests using physiological affect statements as a filter through 
which the student experience with content, faculty, and student peers provides insight into how a 
student processes their experiences and then interacts with their environment. This paper 
demonstrates the value of a taxonomy to direct categorization of physiological affect statements. 
This work seeks to provide methods for increasing understanding of the physiological affect to 
create more effective responses for the student experience and increase persistence in 
engineering and computer science disciplines. 

1.1| Introduction 

Extensive research has been conducted on retention in engineering and computer science. 
Additionally, universities have invested significant financial and human resources in the 
development and operation of programs dedicated to facilitating the successful completion of 
degrees in these fields. Strategies such as creating project-based clubs and academic learning 
centers support application of knowledge outside the classroom, contributing to experience with 
engineering and computer science content [1], [2].  Bridge programs, research opportunities, and 
student group centers add to academic confidence while strengthening ties to people within an 
academic community [3], [4], [5], [6]. Retention literature is closely tied to that of Self Efficacy 
(SE) and the value of Albert Bandura’s research [7]. At the core of Bandura’s work is a person’s 
belief they can repeatedly engage with something challenging and eventually reach their goal [8], 
[9].  The four sources of SE, as explained by Bandura are: 1. Mastery experiences (content); 2. 
Social persuasion (from a recognized expert); 3. Vicarious experience (with peers at the same 
level of learning); and 4. Physiological affect (emotions & feelings). These focus on the 
components that influence the internal process a person goes through when they are working 



toward a goal and experience either challenge or ease of performance. This process influences 
how a person chooses to engage with their environment.  

Research in engineering and computing disciplines around SE topics has created questions to 
classify student responses related to drive, motivation, or interest [10], [11]. In other cases, the 
researcher has focused physiological responses toward content being predictors of building SE 
[12]. While these findings contribute important perspectives the picture presented is 2-
dimensional and leaves out the rest of the story with students who live their lives in context to 
their environment, a perspective introduced by Urie Bronfenbrenner [13] whose work focused on 
the ecology of a person’s environment. 

Within engineering education, early retention research describes environmental factors, such as 
content mastery, interactions with peers and engagement with faculty, contribute as much to 
persistence as internal influences [14]. The internal and external components of this problem 
suggest a need to create a theoretical framework to study retention from a full 360-degree, 
student perspective. Doing so increases the ability to create more effective programs (external) 
and supports the student’s decision (internal) to approach challenging subjects.   

1.2 | Theoretical Framework 

This paper builds on research combining two complex theories to create a robust framework 
design to study the 360-degree student experience. Adding Urie Bronfenbrenner’s, post-1990’s 
version of bioecological model of human development to SE theory (bioecological model) to the 
equally influential sources of SE completes the picture by connecting external and internal 
process informing persistence. [15], [16], [17]. Briefly, the constructs of bioecological model 
consider the environmental settings surrounding a student and their combined, contextual 
influence on their development over time. Specifically, the environment constructs are known as: 
microsystem, mesosystem, exosystem, and macrosystem. These, combined with the components 
of Process-Person-Context-Time (PPCT) demonstrate the intricately woven tapestry of human 
development within context. This theoretical framework is visually demonstrated in Figure 1.2(a) 
with bioecological model situated external to the student and SE theory internal to the student. 
The external human systems surrounding the student connect with the internal systems within 
through a filter described by Bronfenbrenner (1995b, 1995a) as developmentally instigative 
characteristics, aligning with physiological affect a source of SE [17]. This filter is used to make 
sense of one’s environment and determine how to respond.  

Retention research overall has included studies using either SE theory or bioecology model. In 
engineering and computing education research focusing on sources of SE, mastery experience is 
more heavily weighted as a predictor of persistence [11], [18], [19], [20]. Studies focusing on 
structure of the environment using either Bronfenbrenner’s ecology or bioecology models, favor 
student perception of their environment and how that might inform persistence, engagement or 
interest with engineering or technology programs [21], [22], [23]. More recent work by Swan 
(2015; 2011), Neber [26], and Clark [27] have begun to combine complex theories together to 
increase understanding of the student experience. Results have led to a more comprehensive, 
360-degree perspective which authentically describes what factors influence the student 



experience and why they matter to persistence. This adds value to the development and 
implantation of programs intended to meet student needs while they are learning complex 
material and address retention goals. It is much like building an electrical system with pre-
programmed devices.  If coding of these devices aligns with the designer’s objectives, they are 
an asset and assist with efficient system development. The moment the needs of the designer 
conflicts with the resources developed (with different objects in mind), they become liabilities to 
project completion.   

Historically, sources of SE have been presented in a pie chart with four equal quadrants 
representing mastery experience, social persuasion, vicarious experience, and physiological 
affect shown in Figure 1.2(b) [18], [28], [29]. A significant amount of literature focuses on 
understanding the power each source of SE has on an individual's decision to continue engaging 
with difficult content. Not surprising, an individual’s perception, or experience with challenging 
material has been shown quantitatively to have the greatest impact on one’s repeated engagement 
with challenging content. Physiological affect, a person’s physical and emotional response to 
their environment, has measured to have the least 
impact [18], [30], [31], [32]. A qualitative dissertation 
study completed in fall of 2022, in combination 
with other work by one of the authors presents a 
new perspective suggesting that sources of SE 
inform the fluidly between the individual and the 
environment [27], [33], [34]. The study presented a 
model to understand the fluid, contextual 
interactions between the environmental sources of 
SE and physiological affect which is a membrane 
through which a person makes sense of their 
experience and then chooses how to behave. 

Figure 1.2(a): Theoretical Framework - SE Theory and Bioecological Model of Human Development 
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1.3 | Environment and SE Model 

The basis of this paper is a new model for describing how sources of SE influence an 
individual’s engagement with their environment. Figure 1.3 visually presents the Environment 
and SE Model. At the center of this 
model is the student, surrounding the 
student is the physiological affect 
membrane through which the student 
processes their engagement with the 
environment and more tangible sources 
of SE. Students experience positive (+) 
and negative (-) interactions with their 
environment as they learn new content 
(mastery experience) and interact with 
faculty or instructors (social persuasion) 
and their peers (vicarious experience). It 
is important to comment on the dynamic 
and fluid nature of these interactions as 
students are living their lives in context. 
A mix of positive and negative 
interactions is ideal for supporting 
engagement as these stimulate decisions 
[7].  

Using this model (Figure 1.3) of understanding sources of SE, the authors developed a taxonomy 
to filter physiological affect statements into the three tangible SE categories (mastery experience, 
social persuasion, and vicarious experience). The purpose of this qualitative study was to 
understand the relationship between physiological affect and its influence on SE sources, 
particularly social persuasion, and vicarious experiences. The purpose of this qualitative study 
was to understand the relationship between physiological affect, SE, and the influence of social 
persuasion and vicarious experiences. The study explores how physiological affect manifests 
itself in relation to SE and aims to understand how the power of social persuasion and vicarious 
experiences may influence a person’s perception of their own capabilities related to engineering 
or computer science content. When controlling for physiological affect within student statements, 
the hypothesis is the strength of mastery experience would be affected. This paper describes the 
findings from applying a taxonomy lens to data exploring 1st and 2nd year engineering and 
computer science students’ perception of their academic SE related to course content.  Early 
work by Rasmussen et al. [35] and Curry et al. [36], in combination with more recent 
applications by Kittelman et al. (2018; 2020) demonstrates use of a taxonomy as a tool to 
manage human activity systems. Careful construction and application can provide an effective 
method for making sense of signs (or responses) to the environment and increase what is 
understood about developing academic SE.  

1.4 | Taxonomy Tool Development 

Figure 1.3: Environment and SE Model 



The goal was to investigate the student experience through their qualitative responses using a 
taxonomy developed to classify physiological affect responses into mastery experience, social 
persuasion, or vicarious experience categories. Taxonomies have been used as a tool to support 
continuity and an interpretive methodology when survey responses were analyzed [35], [36], [38], 
[39], [40].  When a topic requires deeper understanding, qualitative research is an appropriate 
method of investigation [41]. Ensuring validity and trustworthiness can be done by establishing, 
communicating, and following a clear analysis process [42], [43], [44].  Following is an outline of 
the research design, taxonomy development, and procedures for gathering and analyzing data.  

2 | Methodology 

To answer the research question above, a qualitative study was conducted in 2023 to explore 
engineering and computer science students’ perception of SE. Students enrolled in the study were 
100-200 level students pursuing a bachelor’s degree. A phenomenographic approach was 
employed as this approach is used to understand the range, or variations, of perspectives a 
phenomenon is experienced. Developed into its own research approach during the 1980s by 
Marton et al. [45], [46], [47], phenomenography seeks to understand the range, or variations, of 
perspectives a phenomenon is experienced. It seeks to understand the essence of these 
experiences to honor a particular moment during an individual’s development in an academic 
environment (Booth, 1997, 2001). Phenomenography is related to phenomenology but unique in 
its contribution to understanding human experience in two important respects. First, 
phenomenography focuses on the ways in which learners differ, both maximizing the potential 
for variation and honoring the individual experiences of people part of a study [47], [48], [49]. 
Second, phenomenography takes the phenomenon's experience as the unit of measurement, 
versus the phenomena itself. Data is then pooled together and analyzed in a systematic, iterative 
process to identify a set of distinctive categories from which a full collective experience can be 
described. Analysis seeks to identify the fewest, logically related, categories required to describe 
the total range of variation in a pool of individual experiences [50].  

2.1 | Data Gathering and Description 

Students in 100 – 200 level courses in engineering and computer science at a large, 4-year public 
research institution were the focus population of this study. The focus population totaled 2,802 
students enrolled in 1 or more 100 or 200 level engineering or computer science courses. Of this 
group, 157 participants choose to respond to a survey request for feedback on their experience. 
Five participants reported having already changed to a major outside the college of engineering, 
103 declared an engineering or computer science major and 49 did not indicate a major. 
Responses to four survey questions focused on persistence were the focus of this study and are 
detailed in Table 2.1. Responses to the two short answer questions are the scope for this 
qualitative project. Analysis of all questions would be more appropriate for a separate study. 

Table 2.1: Survey Persistence Questions and Number of Responses 
Question Response Options Responses 

Have you ever thought of changing 
majors or leaving your studies? 

Never 22 
Occasionally 59 
Several times 14 



Table 2.1: Survey Persistence Questions and Number of Responses 
Many times 16 

Non-Responses 46 
Total Responses 157 

Which of these options did you 
consider? 

Change majors and careers within the STEM fields. 59 
Change major and career field to non-STEM fields 
within the humanities, social sciences, arts, etc. 

20 

Change to vocational education and training or 
community college. 

5 

Search for a job 15 
Non-Responses 58 
Total Responses 157 

If you stayed in an engineering or 
computer science major, what or who 
influenced your decision to continue? 

Short Answer  75 
Non-Responses 82 
Total Responses 157 

If you changed to a major outside of 
the college of engineering, what or 
who influenced your decision? 

Short Answer 28 
Non-Responses 129 
Total Responses 157 

 

2.2 | Taxonomy Tool Development 

Participant responses from two, short-answer survey questions focused on increasing 
understanding of student engagement with major content. SE is an individual’s belief in their 
ability to accomplish specific tasks or goals they perceive as requiring persistence through 
challenge. Physiological affect is an intangible SE source that manifests itself in the other three 
sources (mastery experience, social persuasion, and vicarious experience) which are more easily 
identified. The taxonomy served to understand and identify a range of affective states involved in 
student perception of ability to persist with engineering or computer science content. Table 2.2 
describes the three categories and assigned physiological affect responses in each area. The first 
category, mastery experience is also understood as one’s perception of task performance, or 
ability with challenging material. Social persuasion or feedback from perceived experts, typically 
faculty in an academic setting, is the second. The final category is vicarious experiences with 
peers or colleagues where visual cues support how a person navigates an environment. Value 
definition was informed by SE literature, domain analysis guidelines, and research team 
members’ experience [7], [18], [28], [29]. 

Table 2.2: Physiological Affect Taxonomy 
Mastery Experience 
(task performance) 

Social Persuasion  
(from perceived experts) 

Vicarious Experience  
(with peers/colleagues) 

- Physiological response to 
content  

- Heighted emotion (e.g.: anger, 
tears, fear)  

- Skin conductance (e.g.: chills, 
heat, sweat)  

- Increased or decreased heart 
rate  

- Encouragement from faculty or 
instructor. 

- Verbal engagements that 
inspire feelings of trust.  

- Efforts taken by experts to 
demonstrate, explain, articulate 
belief in person’s ability with 
content. 

- Modeling from peer or 
colleague  

- Visual cues of belonging from 
peers. 

- Observations of peers in 
environment that provides an 
example of how to persist or 
navigate a challenge. 



Table 2.2: Physiological Affect Taxonomy 
- Voiced belief or perception 

they can or cannot be 
successful with challenging 
content.  

- Voiced or described personal 
motivation to repeatedly 
engage in challenging tasks.  

- Voiced or described strategies 
to use resources to support 
success. 

- Voiced influence from 
perceived experts (positive or 
negative) informing decision to 
continue or end engagement 
with engineering or computer 
science content.  

 

- Voiced influence from 
perceived peers (positive or 
negative) informing decision to 
continue or end engagement 
with engineering or computer 
science content. 

 

 

2.3 | Data Analysis Method 

Analysis used affective coding methods focusing on emotions tapping into the inner cognitive 
systems of participants [51]. Previous dissertation work by one of the authors informed this study 
including its theoretical design, research 
approach, and data analysis methods. Key 
concepts pulled from SE theory informed 
taxonomy design. The iterative, systematic 
nature of qualitative analysis supports the ability 
to increase understanding of phenomenon 
variables which may not be recognized through 
quantitative research approaches [41]. Domain 
analysis directed the process for applying the 
taxonomy to the data set [52]. Participants 
responded to two questions regarding motivation 
to stay in an engineering or computer science 
major or change to a major outside these 
disciplines.  Data was organized in a spreadsheet 
for analysis using domain analysis, a taxonomy 
and an iterative, reflective process by the review 
team followed. Domain analysis uses a symbolic 
category that includes other related categories within its scope and follows a 7-step process [52]. 
This iterative process is articulated here and visually described in Figure 2.3. 

1. Select the semantic relationship. 
2. Prepare a domain analysis worksheet (taxonomy). 
3. Select a sample of data. 
4. Seek terms to describe semantic relationships. 
5. Formulate questions about the relationship. 
6. Repeat the process for each different semantic relationship. 
7. List all the domains discovered. 

 

 

Figure 2.3: Iterative Domain Analysis Process  
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2.4 | Data Analysis and Results 

Manual analysis of large-size qualitative datasets is complex, error-prone, and laborious. 
Therefore, integrating AI-based tools into the existing processes can automate and help save a lot 
of time. In this context, ChatGPT version 3.5 [53], a Generative AI-based large language model, 
is leveraged to understand the underlying behaviors/patterns captured in the data set. To 
effectively use such large language models, the prompts must be carefully engineered and should 
have enough context to guide the model in generating correct responses. The proposed approach 
consists of the following prompts.  

1) The first set of prompts, as shown in Figures 2.4(a) and 2.4(b), provides Bandura’s 
research work as a context to classify the students’ physiological affect responses into 
different categories, i.e., mastery experience, social persuasion, or vicarious experience. 
The response obtained for the first part of the prompt (as shown in Figure 2.4(a)) is to 
ensure/validate that the ChatGPT understands Bandura’s research work and does not 
hallucinate. After validating the response, the next prompt (as shown in Figure 2.4(b)) is 
prepared to classify the students’ responses into the given categories. The prompt 
provides clear and specific information (as a context) for guiding ChatGPT response, i.e., 
assigning the persona, the categories to which the responses should be classified, the 
question(s) for which the student responses are collected, giving enough time for the 
model to think, and explicitly mentioning the boundaries in case the model is not sure 
about prediction for any of the fed students’ responses. 
 

Figure 2.4(a): Providing Bandura’s research work as a context. 

 

Figure 2.4(b): Prompt prepared for data classification. 



2) In the second prompt, we have included Bandura’s research work along with some 
additional information (as a context) using the proposed ‘Physiological Affect Taxonomy’ 
(as shown in Table 2.2), and then ask ChatGPT to predict the categories for the students' 
responses based on this information. 

The results obtained for both the prompts are compared using the ‘voting concept’ to validate 
them further. If the model predicted the same category for a given student's response in both 
prompts (i.e., the model voted the same category for a given student’s response), it suggests that 
the model is confident for the predicted category. However, if the model predicted different 
categories for a given student’s response in both the prompts (i.e., provided different votes), the 
human-in-the-loop approach is used to manually select/assign the most relevant category for 
those students’ responses. The following are the observations found.  

• For the first question, ‘If you 
stayed in an engineering or 
computer science major, what 
or who influenced your 
decision to continue?’ Figure 
2.4(c) shows that only 7 out 
of 75 students’ responses 
(9.33%) are identified, when 
only using Bandura’s work 
and a taxonomy, for which 
the AI model predicted 
different categories for both 
the prompts. 
 

• For the second question, ‘If 
you stayed in an engineering 
or computer science major, 
what or who influenced your 
decision to continue?’, 
Figure 2.4(d) shows that only 
2 out of 24 (8.33%) are 
identified, when using 
Bandura’s work and a 
taxonomy, for which the 
model predicted different 
categories for both the 
prompts. 
 

• Figures 2.4(e) and 2.4(f) show that students' responses are dominated by the 
"mastery experience" category for both questions, providing valuable insight into 
the distribution of students’ responses. 

 
Figure 2.4(c): Predicted Categories for 
Q i #1 

 
Figure 2.4(d): Predicted Categories for 

 



 

Below in Table 2.4(a) is an example of the question asked and the output of ChatGPT’s predicted 
category and rationale for choosing the predicted values based on Bandura’s research and 
framework.  

Question#1: If you stayed in an engineering or computer science major, what or who influenced 
your decision to continue? 

Table 2.4(a): ChatGPT Output of Predicted Category and Rationale 

Student Response Predicted 
Category Reason/Source of Truth 

Passion   Mastery 
Experience  

 The physiological response to content and the voiced belief in 
the enjoyment of the subject suggest influence from internal 
sources such as personal interests or previous successes, 
indicating mastery experience. 

A larger field of work for future work 
opportunities  

 Vicarious 
Experience  

 The consideration of future work opportunities suggests 
influence from observing the outcomes and experiences of 
others in similar situations, indicating vicarious experience. 

Academic validation and knowing that no 
matter how many tries to pass a class, I 
will do it  

 Mastery 
Experience  

 The voiced belief in the ability to overcome academic 
challenges suggests influence from internal sources such as 
personal beliefs or previous successes, indicating mastery 
experience. 

Being far into the semester and not 
knowing what else I would do  

 Vicarious 
Experience  

 The consideration of being far into the semester suggests 
influence from observing the experiences and decisions of 
others in similar situations, indicating vicarious experience. 

Commitments, family members I look up 
to  

 Social 
Persuasion  

 The influence of family commitments suggests social 
persuasion as the source of influence. 

 
Figure 2.4(f): Distribution of predicted 
categories for Question #2 

 

Figure 2.4(e): Distribution of predicted 
categories for Question#1 



Table 2.4(a): ChatGPT Output of Predicted Category and Rationale 

Student Response Predicted 
Category Reason/Source of Truth 

Engineering is kind of cool and I can see 
myself enjoying a career path that 
relates to engineering where I get to 
create or study cool devices  

 Mastery 
Experience  

 The expressed interest in engineering and envisioning a 
fulfilling career suggest influence from internal sources such as 
personal interests or previous successes, indicating mastery 
experience. 

Family   Social 
Persuasion  

 The influence of family suggests social persuasion as the 
source of influence. 

 

As stated above, these values were then compared with the developed taxonomy and researcher 
assigned values for Question 1 resulting in only a 9.33% difference. For Question 2, this 
comparison resulted in only an 8.33%. An example of the comparison between the AI predicted 
categories based on Bandura’s research and the predicted category as rated by the researchers 
while utilizing the developed taxonomy is shown below in Table 2.4(b).   

 Question#1: If you stayed in an engineering or computer science major, what or who influenced 
your decision to continue? 

Table 2.4(b): Table 2.4(b): Predicted Category Utilizing Bandura vs Bandura and Taxonomy 

Student Response 
Predicted Category 
(Using Bandura's 
Paper) 

Predicted Category 
(Using Developed 
Taxonomy) 

Passion  Mastery Experience Mastery Experience 
A larger field of work for future work 
opportunities  Vicarious Experience Vicarious Experience 

Academic validation and knowing that no matter 
how many tries to pass a class, I will do it  Mastery Experience Mastery Experience 

Being far into the semester and not knowing what 
else I would do  Vicarious Experience Vicarious Experience 

Commitments, family members I look up to  Social Persuasion Social Persuasion 
Engineering is kind of cool and I can see myself 
enjoying a career path that relates to engineering 
where I get to create or study cool devices  

Mastery Experience Mastery Experience 

Family  Social Persuasion Social Persuasion 
 

The results of the study generate confidence in the researchers for both the taxonomy 
development and application as well as the use of AI to effectively and efficiently analyze large 
samples of qualitative research data when primed with an existing theoretical framework, such as 
that of Bandura’s.  

 

 



3 | Validity, Reliability and Limitations 

At the heart of validity and reliability is transparency and clarity. Walther et al. [39] present a 
typology of quality strategies recognized by the engineering education research community. A 
selection from this typology is applicable to the data collection and analysis phases of this study. 
These include theoretical validation, procedural validation, communicative validation, pragmatic 
validation, and process reliability. These methods work in combination to align the study to a 
theoretical process, promote communication throughout the study, maintain consistency, and 
manage researcher bias while allowing for unique contributions.    

Data analysis used coding methods described by Saldaña [51], in combination with 
analysis recommendations from Savin-Baden et al. [52] and the phenomenographic research 
community [54], [55], [56]. Selecting the domain analysis process aligned with taxonomy use 
and providing clear instruction to ChatGPT for its role in this project. Regular communication 
with research team members supported member checking and triangulation of results employed 
to strengthen validity [57]. All members of this project have an affiliation with the college 
making this study relevant to their experience, increasing the desire to use this work to increase 
retention and persistence in engineering and computer science. Finally, aligning with advice from 
Åkerlind et al. [54] to establish a clear, reliable process. This study used a modest data set, 
domain analysis with a taxonomy designed specifically for the project, and a dynamic research 
team with a clear understanding of the project.   

Several limiting factors were present in this study. The most significant was the use of ChatGPT 
as a research team member. Artificial intelligence is a new and largely questioned as an 
acceptable or reliable tool. The research team included a skilled computer science researcher 
familiar with how to provide coded instruction to ensure reliable outcomes. This in combination 
with a member checking process shown in Figures 2.4(c) and 2.4(d) managed for this limitation. 

4| Discussion and Future Work 

This work accomplished several objectives. First, it presented the contextual nature of student 
development, and a robust literature base informing this work. Characteristics of academic 
research silos are common and make sense give the unique language patterns disciplines develop. 
For example, physiological affect are the emotional responses an individual has as they engage 
with their environment. Sentiment analysis seeks to help computer scientists understand 
emotional tones in large volumes of text. Systems engineers make sense of complex content 
using signs to provide instruction and clear communication for interpreting data. The 
combination of research disciplines, language, and tools provided a control method for 
physiological affect. We know students are influenced by emotions and feelings. This study 
shows how to interpret their effect on tangible SE sources: mastery experience, social persuasion, 
and vicarious experience. More cross discipline research collaborations using complex models 
are needed. These efforts may be the key to moving the needle ahead on student retention in 
engineering and computer science.  

Second, with careful software engineering, artificial intelligence (AI) tools such as ChatGPT can 
contribute as a member of a research team. Key approaches to the use of AI in this manner 



include ensuring ChatGPT knows the theoretical base it will use. Once this is established, 
providing context to guide interpretation, such as through a taxonomy, is important to generating 
reliable data analysis.  

Finally, mastery experience was shown to be an important element of student perception in their 
ability to repeatedly engage with challenging material which is consistent with the literature. 
However, using a taxonomy and filtering student statements through a physiological affect lens 
showed an increase in the influence of social persuasion and a decrease in mastery experience for 
students continuing in their major. This study used a small data set to test this approach. 
Application on a larger data set is needed to demonstrate its viability and determine if this SE 
source distribution remains consistent.  

This work shows the nature of internal processes influencing external behaviors which are 
presented as repeatedly engaging with challenging engineering and computer science content. A 
full understanding of the student experience is important to creating retention programs that meet 
their needs. Turning to math, engineering, and science to solve the retention problem makes 
sense. However, it is important to remember logic can be applied to the laws of human behavior 
if the ability to be flexible remains. 

5| References 

[1] S. L. Shaulskiy, “Belonging beyond the classroom: Examining the importance of college 
students’ sense of belonging to student organizations for student success,” Dissertation, 
The Ohio State University, 2016. 

[2] M. J. Graham, J. Frederick, A. Byars-Winston, A.-B. Hunter, and J. Handelsman, 
“Increasing persistence of college students in STEM,” Science (1979), vol. 341, no. 6153, 
pp. 1455–1456, Sep. 2013, doi: 10.1126/science.1240487. 

[3] M. Ashley, K. M. Cooper, J. M. Cala, and S. E. Brownell, “Building better bridges into 
stem: A synthesis of 25 years of literature on stem summer bridge programs,” CBE Life Sci 
Educ, vol. 16, no. 4, 2017, doi: 10.1187/cbe.17-05-0085. 

[4] C. J. Atman et al., “Enabling engineering student success: The final report for the center 
for the advancement of engineering education,” Seattle, WA, 2010. [Online]. Available: 
http://www.engr.washington.edu/caee/caee final report 20101102.pdf 

[5] K. Schneider, A. Bickel, and A. Morrison-Shetlar, “Planning and implementing a 
comprehensive student-centered research program for first-year STEM undergraduates,” 
J Coll Sci Teach, vol. 44, no. 3, pp. 37–43, 2015, doi: 10.2505/4/jcst15_044_03_37. 

[6] T. L. Strayhorn, L. L. Long III, J. A. Kitchen, M. S. Williams, and M. E. Stenz, “Academic 
and social barriers to Black and Latino male collegians’ success in engineering and related 
STEM fields,” ASEE Annual Conference and Exposition, Conference Proceedings, vol. 2013-
June, 2013, [Online]. Available: https://commons.erau.edu/publication/295 



[7] A. Bandura, Self-efficacy: The exercise of control. New York, NY: W.H. Freeman and 
Company, 1997. 

[8] A. Bandura, C. Barbaranelli, G. V Caprara, and C. Pastorelli, “Self-efficacy beliefs as 
shapers of children’s aspirations and career trajectories.,” Child Dev, vol. 72, no. 1, pp. 
187–206, 1994, doi: 10.1111/1467-8624.00273. 

[9] B. J. Zimmerman, A. Bandura, and M. Martinez-Pons, “Self-motivation for academic 
attainment: The role of self-efficacy beliefs and personal goal setting,” Am Educ Res J, vol. 
29, no. 3, pp. 663–676, 1992, doi: 10.3102/00028312029003663. 

[10] A. R. Carberry, H. S. Lee, and M. W. Ohland, “Measuring engineering design self-
efficacy,” Journal of Engineering Education, vol. 99, no. 1, pp. 71–79, 2010, doi: 
10.1002/j.2168-9830.2010.tb01043.x. 

[11] M. A. Hutchison, D. K. Follman, M. Sumpter, and G. M. Bodner, “Factors influencing the 
self-efficacy beliefs of first-year engineering students.,” Journal of Engineering Education, 
vol. 95, no. 1, pp. 39–47, Jan. 2006, [Online]. Available: 
http://search.ebscohost.com.proxybz.lib.montana.edu/login.aspx?direct=true&db=a9h&A
N=19552472&site=ehost-live 

[12] M. K. Ponton, “Motivating Students by Building Self-Efficacy,” Journal of Professional 
Issues in Engineering Education and Practice, vol. 128, no. 2, pp. 54–57, Apr. 2002, doi: 
10.1061/(ASCE)1052-3928(2002)128:2(54). 

[13] U. Bronfenbrenner, The ecology of human development: Experiments by nature and design. 
Cambridge, MA: Harvard University Press, 1979. 

[14] E. Seymour and N. M. Hewitt, Talking about Leaving: Why Undergraduates Leave the 
Sciences, vol. 26, no. 5. Boulder, CO: Westview Press, 1997. doi: 10.2307/2655673. 

[15] U. Bronfenbrenner, “The bioecological model from a life course perspective: Reflections 
of a participant observer,” in Examining lives in context: Perspectives on the ecology of human 
development, P. Moen, G. H. Elder Jr., and K. Lüscher, Eds., Washington D.C.: American 
Psychological Association, 1995, pp. 599–618. 

[16] U. Bronfenbrenner, “Developmental ecology through space and time: A future 
perspective,” in Examining lives in context: Perspectives on the ecology of human development, 
P. Moen, G. H. Elder Jr., and K. Lüscher, Eds., Washington, D.C.: American Psychological 
Association, 1995, pp. 619–647. 

[17] A. Bandura, Sources of self-efficacy. New York, NY: W.H. Freeman and Company, 1997. 

[18] C. W. Loo and J. L. F. Choy, “Sources of Self-Efficacy Influencing Academic Performance 
of Engineering Students,” Am J Educ Res, vol. 1, no. 3, pp. 86–92, Apr. 2013, doi: 
10.12691/education-1-3-4. 



[19] C. J. Fong and J. M. Krause, “Lost confidence and potential: a mixed methods study of 
underachieving college students’ sources of self-efficacy,” Social Psychology of Education, 
vol. 17, no. 2, pp. 249–268, Jun. 2014, doi: 10.1007/s11218-013-9239-1. 

[20] T. D. Fantz, T. J. Siller, and M. A. Demiranda, “Pre-collegiate factors influencing the self-
efficacy of engineering students,” Journal of Engineering Education, vol. 100, no. 3, pp. 604–
623, 2011, doi: 10.1002/j.2168-9830.2011.tb00028.x. 

[21] K. J. Jensen, J. F. Mirabelli, A. J. Kunze, T. E. Romanchek, and K. J. Cross, “Undergraduate 
student perceptions of stress and mental health in engineering culture,” Int J STEM Educ, 
vol. 10, no. 1, Dec. 2023, doi: 10.1186/s40594-023-00419-6. 

[22] N. Stipanovic and H. Woo, “Understanding African American students’ experiences in 
STEM education: An ecological systems approach,” Career Development Quarterly, vol. 65, 
no. 3, pp. 192–206, 2017, doi: 10.1002/cdq.12092. 

[23] E. K. Jeronen, J. Ylä-Mella, M. Huuhtanen, E. Jeronen, and R. L. Keiski, “Ethical 
Conceptions of Undergraduate Students on Research and Acting as a Researcher-A Case 
Study in Process and Environmental Engineering Education,” 2004, doi: 
10.13140/2.1.3614.4009. 

[24] A. Swan, “Experiential and contextual factors that shape engineering interest and 
educational decision-making processes among female students,” NASPA Journal About 
Women in Higher Education, vol. 8, no. 1, pp. 82–100, 2015, doi: 
10.1080/19407882.2014.987087. 

[25] A. K. Swan, “Exploring the experiences of female students in introductory project-based 
engineering courses at two-and four-year institutions,” Doctoral, University of Virginia, 
2011. 

[26] E. Neber, “Nontraditional Students’ Transition to College through the Lens of 
Bronfenbrenner’s Ecological Theory, Schlossberg’s Transition Theory and Gender Schema 
Theory,” 2018. [Online]. Available: 
http://ezproxy.lib.ryerson.ca/login?url=https://search.proquest.com/docview/2167947249?
accountid=13631%0Ahttp://sfx.scholarsportal.info/ryerson??url_ver=Z39.88-
2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&genre=dissertations+%26+theses&sid
=ProQ:ProQ 

[27] J. I. Clark, “Using student perception of college environment for developing academic 
self-efficacy in engineering and computing education,” Montana State University, 
Bozeman, 2021. Accessed: Dec. 11, 2021. [Online]. Available: https://trails-
msu.primo.exlibrisgroup.com/discovery/fulldisplay?docid=cdi_montana_scholarworks_o
ai_scholarworks_montana_edu_1_16595&context=PC&vid=01TRAILS_MSU:01TRAILS_
MSU&lang=en&search_scope=IZ_Everything&adaptor=Primo%20Central&tab=Everythi



ng&query=any,contains,jennifer%20i%20clark%20%2B%20Using%20student%20percepti
on%20of%20college%20environment%20for%20developing%20academic%20self-
efficacy%20in%20engineering%20and%20computing%20education&offset=0 

[28] E. L. Usher and F. Pajares, “Self-efficacy for self-regulated learning,” Educ Psychol Meas, 
vol. 68, no. 3, pp. 443–463, Jun. 2008, doi: 10.1177/0013164407308475. 

[29] N. A. Mamaril, E. L. Usher, C. R. Li, D. R. Economy, and M. S. Kennedy, “Measuring 
undergraduate students’ engineering self-efficacy: A validation study,” Journal of 
Engineering Education, vol. 105, no. 2, pp. 366–395, 2016, doi: 10.1002/jee.20121. 

[30] R. W. Lent, F. G. Lopez, and K. J. Bieschke, “Mathematics self-efficacy: Sources and 
relation to science-based career choice,” 1991. 

[31] J. A. Chen and E. L. Usher, “Profiles of the sources of science self-efficacy,” Learn Individ 
Differ, vol. 24, pp. 11–21, 2013, doi: 10.1016/j.lindif.2012.11.002. 

[32] E. L. Usher and F. Pajares, “Sources of Self-Efficacy in School: Critical Review of the 
Literature and Future Directions,” Rev Educ Res, vol. 78, no. 4, pp. 751–796, Dec. 2008, doi: 
10.3102/0034654308321456. 

[33] J. I. Clark, “Research to Practice: Keeping STEM student recruitment fresh and relevant 
using peer mentoring,” in 2020 IEEE Frontiers in Education Conference (FIE), Uppsala, 
Sweden: IEEE, Oct. 2020, pp. 1–5. doi: 10.1109/FIE44824.2020.9274230. 

[34] J. I. Clark, Wm. D. Aderholdt, T. A. Seifert, and C. N. Oliveri, “Flipping the lens : What we 
learn from students about success in college,” in 2019 IEEE Frontiers in Education 
Conference (FIE), Cincinnati, OH: FIE-IEEE, 2019, pp. 1–4. 

[35] J. Rasmussen, A. Mark Pejtersen, K. Schmidt, and Forskningscenter Risø, “Taxonomy for 
cognitive work analysis,” Risø National Laboratory, Roskilde, 1990. 

[36] E. H. Bradley, L. A. Curry, and K. J. Devers, “Qualitative Data Analysis for Health 
Services Research: Developing Taxonomy, Themes, and Theory,” Health Serv Res, vol. 42, 
no. 4, pp. 1758–1772, Aug. 2007, doi: 10.1111/j.1475-6773.2006.00684.x. 

[37] S. Kittelman and J. Calvo-Amodio, “A taxonomy of purposeful human activity system 
signs as a means to improving systems literacy,” Syst Res Behav Sci, vol. 37, no. 5, pp. 789–
803, 2020, doi: 10.1002/sres.2742. 

[38] S. Kittelman, J. Calvo-Amodio, and H. C. Martínez León, “A Systems Analysis of 
Communication: Defining the Nature of and Principles for Communication Within 
Human Activity Systems,” Syst Res Behav Sci, vol. 35, no. 5, pp. 520–537, Sep. 2018, doi: 
10.1002/sres.2562. 



[39] J. Walther, N. W. Sochacka, and N. N. Kellam, “Quality in interpretive engineering 
education research: Reflections on an example study,” Journal of Engineering Education, 
vol. 102, no. 4, pp. 626–659, Oct. 2013, doi: 10.1002/jee.20029. 

[40] S. Kittelman and J. Calvo-Amodio, “A taxonomy of purposeful human activity system 
signs as a means to improving systems literacy,” Syst Res Behav Sci, vol. 37, no. 5, pp. 789–
803, Sep. 2020, doi: 10.1002/sres.2742. 

[41] Z. Szajnfarber and E. Gralla, “Qualitative methods for engineering systems: Why we 
need them and how to use them,” Systems Engineering, vol. 20, no. 6, pp. 497–511, Nov. 
2017, doi: 10.1002/sys.21412. 

[42] Y. S. Lincoln and E. G. Guba, “But is it rigorous? Trustworthiness and authenticity in 
naturalistic evaluation,” New Directions for Program Evaluation, vol. 30, pp. 73–84, 1986. 

[43] M. Bahnson and C. Berdanier, “A Qualitative Methods Primer: A Resource to Assist 
Engineering Education Scholars in Mentoring Traditionally Trained Engineering Faculty 
to Educational Research,” in ASEE Annual Conference & Exposition Proceedings, ASEE 
Conferences, 2023. doi: 10.18260/1-2--42481. 

[44] N. Van, N. Chism, E. Douglas, and W. J. Hilson, Qualitative research basics: A guide for 
engineering educators. National Science Foundation, 2008. Accessed: Feb. 14, 2024. 
[Online]. Available: https://eer.engin.umich.edu/wp-
content/uploads/sites/443/2019/08/Chism-Douglas-Hilson-Qualitative-Research-Basics-A-
Guide-for-Engineering-Educators.pdf 

[45] F. Marton, “Towards a Pedagogy of Content,” Educ Psychol, vol. 24, no. 1, pp. 1–23, Jan. 
1989, doi: 10.1207/s15326985ep2401_1. 

[46] F. Marton, “Phenomenography - Describing conceptions of the world around us,” Instr 
Sci, vol. 10, pp. 177–200, 1981, doi: 10.1007/BF00132516. 

[47] F. Marton, “Phenomenography: A research approach to investigating different 
understandings of reality,” J Thought, vol. 21, no. 3, pp. 28–49, 1986, [Online]. Available: 
https://www.jstor.org/stable/42589189?seq=1#metadata_info_tab_contents 

[48] S. Booth, “Learning computer science and engineering in context,” Int J Phytoremediation, 
vol. 21, no. 1, pp. 169–188, 2001, doi: 10.1076/csed.11.3.169.3832. 

[49] S. Booth, “On Phenomenography, Learning and Teaching,” Int J Phytoremediation, vol. 21, 
no. 1, pp. 135–158, 1997, doi: 10.1080/0729436970160203. 

[50] J. M. Case and G. Light, “Emerging methodologies in engineering education research,” 
Journal of Engineering Education, vol. 100, no. 1, pp. 186–210, 2011, doi: 10.1002/j.2168-
9830.2011.tb00008.x. 



[51] J. M. Saldaña, The coding manual for qualitative researchers, Fourth. Thousand Oaks, CA: 
SAGE  Publications, Inc., 2021. 

[52] M. Savin-Baden and C. H. Major, Qualitative research: The essential guide to theory and 
practice. New York, NY: Routledge, 2013. 

[53] OpenAI, “ChatGPT.” Accessed: Mar. 09, 2024. [Online]. Available: 
https://openai.com/chatgpt 

[54] G. Åkerlind, J. Bowden, and P. Green, “Learning to do phenomenography: A reflective 
discussion,” in Learning to do phenomenography, J. Bowden and P. Green, Eds., RMIT Press, 
2005, pp. 74–100. 

[55] B. I. Collier-Reed, Å. Ingerman, and A. Berglund, “Reflections on trustworthiness in 
phenomenographic research: Recognising purpose, context and change in the process of 
research,” Education as Change, vol. 13, no. 2, pp. 339–355, Dec. 2009, doi: 
10.1080/16823200903234901. 

[56] C. Cope, “Ensuring validity and reliability in phenomenographic research using the 
analytical framework of a structure of awareness,” Qualitative Research Journal, vol. 4, no. 
2, pp. 5–18, 2004, [Online]. Available: 
http://journals.apa.org/prevention/volume3/pre003000a.html 

[57] T. A. Schwandt, Y. S. Lincoln, and E. G. Guba, “Judging interpretations: But is it rigorous? 
Trustworthiness and authenticity in naturalistic evaluation,” New Dir Eval, vol. 2007, no. 
114, pp. 11–25, 2007, doi: 10.1002/ev.223. 

 

 


