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ABSTRACT

Research on self-efficacy (SE) - one’s confidence in their ability to successfully perform a task -
has been shown to predict students’ achievement in science courses, persistence in science majors,
and their science career choices. Traditionally, SE is assessed using quantitative surveys to explore
changes in students’ SE. However, this method limits the opportunity to capture the specific events
shaping students’ SE. To address this limitation, qualitative methods like interviews have been used,
but they often involve significant time gaps between when specific events occur and when students
report on them. My dissertation work aimed to design a mixed methods approach to leverage
quantitative and qualitative methods to explore students’ SE in real time.

For the design, we utilized an explanatory sequential mixed methods approach, which employed
the Experience Sampling Method (ESM), a technique for capturing students’ experiences through-
out their daily lives combined with individualized daily journal prompts. Specifically, in alignment
with the Experience Sampling Method (ESM), we randomly distributed four short surveys per day
via a phone application to capture students’ domain-specific SE (i.e., task-specific, course-level,
and career-level). As the ESM data was being collected, I analyzed the survey responses to iden-
tify threads that would inform the writing of an individualized daily journal prompt, which were
disseminated to each student at the end of the day.

Throughout the dissertation work, I leveraged our design to explore how to integrate the ESM
survey responses with the individualized daily journal prompts to elicit SE information. Specifically,
I utilized a nested case study approach, in which I compared the identified threads and the daily
journal prompts written across two iterations of our mixed methods approach (i.e., Fall 2020 and
Fall 2021) for six students. From this work, by adding a point of integration (i.e., examining both
open- and close-ended ESM survey data to build threads to inform the writing of daily journal
prompts), this lead to a more diverse range of threads to inform the daily journal prompts, as
such, the daily journal prompts were able to explore the nuances of students’ SE by including
context-specific information from moments throughout an individual’s day. Thus, adding points of

integration in a mixed methods design allows for the quantitative and qualitative data to expand on



one another to add additional insights about the construct of interest.

As aresult of the context-specificity that the additional point of integration added, we developed
a codebook to explore the ways in which the individualized daily journal prompts were capturing the
nuances of students’ SE. From this work, we found that by including context-specific information,
the prompts were able to further explore the domain-specific nature of SE and well-known sources
of SE. This codebook will support STEM education researchers in considering the ways that their
qualitative methods can capture the nuances of SE.

Finally, the last piece of this dissertation work included identifying the evidence of integration
that supports that we are interpretting the ESM survey data with the individualized daily journal
prompts to be able to explore students’ SE within the data analysis stage. This work is critical
for being able to confirm that the individualized daily journal prompt responses are exploring the
situations and contexts that the ESM is reporting and measuring SE in relation to; thus, serving
as a proof of concept that the individualized daily journal prompt responses and ESM surveys are
exploring students’ SE in relation to their real-time experiences. As a result of this dissertation
work, STEM education researchers have been introduced to an innovative mixed methods approach
to explore constructs in relation to students’ real time experiences, and provides techniques for

integration during the data collection and data analysis stage.
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CHAPTER 1

INTRODUCTION

1.1 Grounding My Dissertation

In starting this dissertation, I want to be transparent about the process that led me here. This
opening section, titled "Grounding My Dissertation," is not just a prelude to the research but a space
where I reflect on the epistemological questions that have shaped my work from the very beginning.
As someone deeply involved in Physics Education Research (PER) for several years, I have come to
realize that the researcher cannot be disentangled from the research. Our perspectives, experiences,
and values inform the questions we ask, the methods we use, and the interpretations we draw.
This section is, therefore, an opportunity to demonstrate how my own experiences, reflections, and
positionality have influenced my research journey.

I am beginning with these reflections to not only offer insight into the origins of my work,
but also to invite a dialogue about the assumptions that underpin our research practices. Stephen
Secules wrote a piece inviting the engineering education community to think about “what academic
expertise means epistemologically and positionally, how each of us knows what we know” [1]. This
question has driven my dissertation work within PER: How do we come to know what we know?
What is the role of the researcher’s lens in shaping the inquiry? These are questions I have been
grappling with since my early involvement in PER as an undergraduate, and one that I continue to
explore throughout this dissertation and plan to pursue as a professional in PER. By grounding this
work in my personal reflections, I aim to make my process visible and to foreground the ways in

which I, as a researcher, am inherently woven into the fabric of this study.

1.2 Taking Pause: Why Explore a Methodology

In the early stages of my dissertation work, I intentionally chose a mixed methods research
project, driven by the desire to engage with both quantitative and qualitative methodologies. This
decision was not only about gaining experience with diverse research methods, but also about
developing a deeper understanding of the role of methodology in designing a mixed methods

study. In designing research, it is crucial to distinguish between methodology and methods, as they



represent two fundamentally different layers of the research process [2—4]. The methodology refers
to the overall strategy, the rationale, and the philosophical framework that guides the entire study
[5]. On the other hand, methods are the specific techniques or tools used to collect and analyze
data [5]. These are the “how" of research, the concrete practices that allow one to operationalize
the methodology. In this way, the methods are like plays in a playbook, but the methodology is
the strategy that determines the game plan, the rules of engagement, and the long-term objectives.
Although this distinction may seem subtle, it is crucial in framing how we approach research in
a way that is both rigorous and deeply thoughtful. As such, I was curious how the combination
of quantitative and qualitative approaches could enhance the richness of my findings and provide
a more comprehensive understanding of my chosen topic. Moreover, I began to realize that the
methods we choose are neutral - they shape the very narrative of the research itself. How a study
is framed, whether through the lens of a particular methodology, perspective, or assumption, plays
a critical role in shaping the findings and how they will be interpreted and applied in practice.

This realization was solidified in a conversation with Dr. Traxler, my undergraduate research
advisor before I had started my dissertation work, about the ethical considerations of network
analysis. Dr. Traxler emphasized the importance of making the process of constructing networks
transparent in research publications because the way networks are built directly influences the
conclusions drawn. This conversation left a lasting impression on me, reinforcing my commitment
to conducting research that is not only methodologically rigorous but also transparent in the ways
the research is performed. This includes being transparent about the decisions made and the
assumptions and perspectives driving the work. I aimed for my research to be reflective, ensuring
that I remained conscious of the framing and ethical implications behind every methodological
choice. Thus, I did not want this dissertation to be implementing a research design and sharing my
analysis and findings from student data. This dissertation is about taking a pause, sitting with the
methodology, and exploring the methodological space before sharing narratives around students’
experiences; as well as, sharing the significance of sitting with a methodology first.

As such, I am pausing to explore a methodology because I realized that the methodological



approach itself - the choice to blend the quantitative and qualitative approaches - is not simply about
mixing techniques for variety or experience, but about intentionally shaping how the knowledge
is produced [6]. The strategic combination of methodologies reflects my belief that the nature of
knowledge is complex and multifaceted, and that no single method can fully capture the richness
of some research questions. Thus, by integrating these approaches, I aim to uncover how these
approaches can be intentionally used to explore the nuances of self-efficacy in real time.

In considering the intentional integration of both quantitative and qualitative approaches to
capitalize on mixed methods approach, the research design itself also plays a pivotal role in how the
study unfolds and ultimately how knowledge is produced [6]. Research design plays a crucial role in
setting the direction and trajectory of a study, guiding it from conception to conclusion in an effort
to answer specific research questions [7]. From the outset of my dissertation work, I recognized
the importance of research design - not just as a methodological tool, but as a foundational element
that shapes the entire study. The design of a research study influences how questions are framed,
how data is collected, and ultimately how the findings are interpreted. This understanding deeply
influenced my approach, as I sought to engage fully with the process of designing a study - from the
selection of methodology to its implementation - so I could develop a comprehensive understanding
of its significance.

When I embarked on my dissertation, my primary focus was to immerse myself in learning
methods and increase my understanding of designing a study that would run the full gamut of
research activities. While I have placed intentional thought into each stage of the study, my focus
has been on specific aspects of the process, allowing me to engage deeply with the methodology
and its impact on the study’s outcomes. This was more than just a technical goal; it was an
intentional effort to critically understand how research methodology themselves shape the outcome
of educational studies.

In educational research, particularly when examining the experiences of marginalized students,
the methodologies we choose have a profound impact on how we interpret and understand student

experiences [8—12]. Yet, much of current research tends to prioritize results over the methodological



decisions that shape those results [13]. I’ve observed that the methods sections of research articles
are often given less attention than the findings, despite the fact that these decisions directly impact
what we conclude about students’ experiences and outcomes. This gap troubled me, as it means
that the influence of methodological decisions on the findings may be discussed only in limited
ways or not given the room to be fully acknowledged. As such, this made me realize how often the
methodological decisions that influence the findings are overlooked.

The findings we produce - often shaping classroom practices, department structures, and educa-
tional policies - are influenced by these behind-the-scenes decisions about research design. Without
a critical examination of these methodologies, we risk reinforcing stereotypes or deficit models
that harm minoritized groups [9]. For me, this personal realization underscored the importance of
taking a deeper and more critical look at the processes behind research, not just the outcomes.

Additionally, I chose to prioritize a methods-heavy dissertation because I have observed that
many research articles tend to emphasize the results, and due to the length of articles, researchers
will give more space to the results than the methods sections, which can mean that the methodologies
that shape those findings are not given as much space [13]. I have struggled with this tension because
I think there is much work that researchers do behind the scenes in making decisions about their
research methodology that impacts those findings that may not get published because the goal of
the paper is to potentially publish the findings. In some sense, this feels not right to me because
these findings, which influence classrooms, departments, and more broadly, the academic system
itself, are influenced by these decisions regarding methodology that may be left in the background.

However, I have always believed that we must approach this work with a critical lens - recog-
nizing that education research is not conducted in a vacuum. It has real-world consequences and
can significantly impact people’s lives. Without a critical perspective, there is a risk of reinforcing
deficit frameworks, especially when dealing with minoritized, underrepresented, or marginalized
students - those who are already navigating complex systems of oppression.

This is why I decided to pursue a methods-intensive dissertation with the aim of being critical

of the methods, analysis, and interpretations that may potentially emerge from this research. In



doing so, I hope to encourage other researchers to engage thoughtfully and critically with their
research design and implementation. This is important because the findings we produce do not just
inform academic theory — they influence policies, practices, and the lives of the very individuals
we study. Thus, we must be careful about how we design and interpret our studies, recognizing the
real-world impact they can have on students and the systems they inhabit.

As I critically engage with the design of my research, I am reminded of the profound re-
sponsibility we bear at researchers. When investigating academic environments and the systems
within which they operate, it is essential to acknowledge the complexities of students’ experiences
— particularly those from marginalized communities. These complexities may be hard to capture
with certain methodologies, meaning they may be overlooked or oversimplified, and in doing so,
research can inadvertently reinforce existing inequities [10, 11, 14]. This is why it is not enough
to simply analyze the results; we must also critically examine the methodologies, analyses, and
interpretations that shape our understanding of these groups. We must ask ourselves whether
the methodologies we employ inadvertently reinforce dominant narratives that uphold systems of
oppression, or whether they can be designed to actively challenge and disrupt these narratives,
fostering more equitable and inclusive research outcomes.

In choosing to focus on methodology and mixed methods in this dissertation, my goal is to
foster a more holistic, ethical approach to educational research. This approach is not merely about
evaluating outcomes; it is about interrogating the processes through which those outcomes are
determined. While the practical applications of these methodological decisions will be explored in
later chapters, here I focus on the reflective process and the significance of engaging with research
design and methodology as a living element that shapes the knowledge we create. A deeper
examination of the design, data collection, and analysis processes allows us to reflect the lived
realities of diverse student populations more accurately. Through this lens, the research becomes
a tool not just for understanding the present but for crafting better, more equitable educational
practices and policies for the future.

By highlighting the importance of design and methodology, this dissertation challenges an



academic culture that often privileges outcomes over processes. I advocate for a shift toward
an ethical, reflective approach to research, one that acknowledges that research is never neutral.
It has the power to shape public perceptions, influence policy, and, most importantly, affect the
experiences of students—particularly those who are most often underrepresented or misrepresented.
In this way, the work we do as researchers can either perpetuate or dismantle systems of oppression.
By prioritizing a critical examination of our methods, we have an opportunity to make a meaningful
difference. Thus, circling back to the grounding of my dissertation — when I consider how we, or
maybe I, come to know what we know as a field that is in part through sitting with our research
design and methodology and examining the “space”.

As I reflect on the process of coming to know what we know as a field, I realize that part of
this knowing happens not only through the data we collect, but through how we engage with the
research design and methodology itself. The design is not a static framework or a passive blueprint
for collecting information; it is an active, living space where questions, assumptions, and challenges
intersect. In this space, we confront the boundaries of what we understand about self-efficacy and
how we can most effectively explore it.

Research methodology, in my view, provides a lens not only for how we gather data, but for
how we interact with the complexities of the phenomena we study. It is within this “space” that
we examine our decisions—how we define variables, how we approach integration, and how we
structure our inquiry—and it is here that our assumptions are tested. Through this process of
self-reflection, we gain new insights not only into the phenomenon itself, but also into the methods
that shape our understanding.

By sitting with the methodology, exploring its potential and limitations, we arrive at a deeper
understanding of the knowledge we produce. This exploration invites us to reconsider the bound-
aries of what we know and how we know it. It becomes clear that research design is not a detached
or purely technical element of the dissertation, but a fundamental part of how we construct meaning
from the world around us. In this way, the methodology becomes just as important to the develop-

ment of the knowledge itself as the data we gather and analyze. Through an ongoing dialogue with



our research design, we develop both our methodological approach and our theoretical grounding,

each influencing and shaping the other.

1.3 Motivating Real Time Analysis of Self-Efficacy

In this section, I present a vignette of my experiences as I navigated from high school to being
a PhD student at Michigan State University. This vignette serves as both a narrative and reflection
of the complexities I faced as I navigated the academic system(s), highlighting the moments that
supported me in developing my confidence towards successfully pursuing a bachelor’s degree. My
vignette is not intended to be a positionality statement but rather a reflection of my lived experience.
I chose this form of storytelling because it allows me to move away from the more analytical focus
of a positionality statement — one that typically explores the intersections of identities, power, and
privilege — and instead center the narrative of how I developed my self-efficacy towards navigating
academic systems that were unfamiliar and inaccessible to me.

In a positionality statement, the emphasis is often on discussing multiple identities, examining
the ways in which they intersect, and analyzing the privileges or oppressions tied to those identities
[15-17]. Although this approach is valuable, I am intentionally stepping away from that framework
here. I am not seeking to dissect or categorize my experiences through the lens of power dynamics
or privilege, but this does not mean that I won’t share the challenges associated with being a first-
generation college student. Other identities may be mentioned as well such as being a student at a
rural high school. Instead, I aim to share a more personal, experiential account of what it was like to
be a first-generation student in a space that didn’t naturally align with my background; thus, meant
I had to develop my self-efficacy towards pursuing a bachelor’s degree in way non-first-generation
students may not necessarily have.

Moreover, I was intentional about how I positioned myself in this vignette. One of the takeaways
I wanted to avoid was that “if you just work hard enough, you can do it.” Thus, when writing my
story, I wanted to show that others around me did work to support me in not only pursuing my
bachelor’s degree but also developing my confidence in pursuing a bachelor’s degree. By choosing

this format and approach, I hope to provide a more holistic and authentic representation of how



certain moments in my academic journey built my self-efficacy. As such this vignette becomes an
act of reclaiming my story without being limited by the structural analysis that may occur within a
positionality statement. By focusing on storytelling, I can more authentically capture the process
of transformation, from being unfamiliar with academic systems to becoming an active, thriving
participant in them as a result of moments supporting my degree-level self-efficacy.

As a first-generation college student, my educational journey has been shaped by both the
privileges and challenges of navigating higher education without a familial roadmap. I became
aware of my first-generation status early in high school when peers spoke of attending bachelor’s
degree-granting institutions with ease — an opportunity that felt out of reach for me. Recognizing
the financial challenges my family faced, along with the high cost of college, higher education
seemed like a privilege reserved for those with the means to afford it. Conversations about college
felt distant, almost laughable, as I realized many of my peers had access to resources I lacked —
whether it was financial support from their families, guidance on how to apply, or the social capital
of parents who understood the process. These were resources my family could not offer, as neither
of my parents had attended college.

However, my parents, despite their own lack of experience with higher education, consistently
emphasized the value of education. They viewed it as a critical path to escaping the blue-collar
jobs they had worked for much of their lives and a tool for social mobility. They often reminded
me that education was the key to improving my socioeconomic status, even though they had no
direct experience in navigating the complex world of higher education. Their belief in the power
of education became my driving force, even though I wasn’t sure I had the necessary resources,
or the confidence, to succeed in a bachelor’s degree program. As a result, I often found myself in
tension with the expectations placed on me — both the pressure to succeed academically, but also
the nagging fear of inadequacy in navigating the unknown world of higher education.

Despite this motivation, it wasn’t until the end of my sophomore year of high school that I
realized attending college could be a real possibility. My guidance counselor, Mr. Woods, noticing

my academic success and the potential 1 had, encouraged me to consider college seriously and



discussed how being in the running for valedictorian could potentially support me in earning
scholarships to lessen the burden of my socioeconomic status. This conversation helped me
recognize that I had more control over my educational trajectory than I had originally thought, even
though I still grappled with self-doubt. No one in my family had pursued a bachelor’s degree, so I
questioned whether I was capable of performing at that level. This doubt was compounded by the
pressure I felt to succeed - not just for myself, but for my family, who had high hopes for my future.

Encouragement from mentors and teachers also played a large role in my educational pursuit.
For example, during junior year, attending AP Biology with Mr. Miller was critical to hearing and
learning from senior students about the transition from high school to college. I feel Mr. Miller
recognized my first-generation status, and in turn, at the beginning of the class, where only three of
us — two seniors and myself — were taking it, he would ask them about their plans post-graduation.
Both of the seniors were planning on attending college and as such at the beginning of class, I would
learn from hearing them talk about selecting colleges, the application process, and visits. These
conversations facilitated through Mr. Miller played a pivotal role in demystifying the application
process and offering support and knowledge I otherwise would have had. Additionally, this taught
me the value and power of learning the shared lived experiences of others as I was learning how to
navigate college through the lens of my peers, and without this, I would have been lost in navigating
the process of transitioning to college.

Although having small class sizes and being able to have these conversations were critical
to my education journal, the academic system itself values courses and grades or performances.
Attending a small rural school meant I had limited access to courses beyond what is required for a
high school diploma or that I would need to take AP testing. AP testing sounded extremely anxiety
inducing, especially considering I was still doubting whether I deserved to go or was capable of
attending college. Mr. Woods suggested that community college would be the best next step for me,
given the resources available to me and my confidence in my abilities. It was a place where I could
continue my education including accessing college curriculum and a safe space to try on some

college level coursework and navigating a college campus. It allowed me to take ownership of my



educational trajectory, but also still hold on to the familiarity of a more accessible and less daunting
environment than a bachelor-degree granting institution. This experience, while still challenging,
built my confidence as I was able to be successful in multiple courses. In the courses, I gained
mentorship from a history professor, who also supported building my confidence in my abilities
to be successful at a bachelor-degree granting institution. Having a community college professor
instill their confidence in me encouraged me that I could be successful with a college environment.
Through conversations with him and reflecting about the classes I enjoyed, I soon realized I wanted
to become a STEM major.

Leveraging these experiences, I ended up at Wright State University, a bachelor-degree granting
institution, in which I entered as a chemistry major, my favorite class in high school. During my
first year, I was really struggling with the coursework; however, I ended up taking Introductory
Physics I, with a faculty member, Dr. Adrienne Traxler, who would soon become a life changing
mentor for me. In her class, I was really enjoying studying for physics but also found physics
challenging for myself. In high school, this was the class that I struggle the most with, causing me
to not be confident in my abilities to do physics at the collegiate level, much less to be a physics
major. At the end of her class, I had found community but I had also found a love for the subject;
however, I was still not sure about it so I approached the subject with Dr. Traxler. She encouraged
me to pursue the major and that I was capable of being a physics major. From there I became a
learning assistant with her as well as took classical mechanics with her.

One day in her office I was having a conversation with her about my interest in teaching at the
high school level and she had asked me if I had considered teaching at the college level. When
I had thought about college level teaching, I had thought all faculty did research and I could not
imagine myself being a physics lab. I shared this with her, in which she informed me that physics
education research existed and she shared her research with me and that she was looking for an
undergraduate student to do research with her. This sparked my interest and I thought I could try
but I was not sure I would be successful in being able to perform physics education research.

After this, I found I really enjoyed the work I did with Dr. Traxler and wanted more experience

10



in performing research. She encouraged me to pursue an NSF funded Research Experiences for
Undergraduates (REU) experience, and supported me in applying for them. This research experi-
ence encouraged me to apply for the National Science Foundation Graduate Research Fellowship
as well as to Michigan State University for graduate school. This is how I ended up at Michigan
State University for my graduate education as a National Science Foundation Graduate Research
Fellow.

From my time as an REU student, I worked with a graduate student building a survey to
measure identity within physics lab environments. I specifically operationalized physics identity
statements from student survey responses, which required using qualitative coding. However,
performing identity work encouraged me to become aware of my identity and the ways my identity
had impacted my journey. As part of this work, in which I was in group meeting spaces and a
physics education research lab learning about physics education research more broadly, I learned
not only about identity, but also about the construct of self-efficacy. Because my confidence in my
abilities has been a large part of my trajectory, this motivated me to think about how self-efficacy
plays a role in shaping other students’ trajectories. Specifically, I felt like I was lucky to have so
many amazing people — Mr. Woods, Mr. Miller and the two seniors, my community college history
professor, Dr. Adrienne Traxler, and Vashti and Danny (my REU faculty mentors) — support me
in my journey. There are many more mentioned in the acknowledgments section who have played
critical roles in supporting me.

My story highlights how a bunch of distinct moments influenced my confidence in my abilities
in pursuing an academic career. From the realization in high school that being valedictorian
could help me secure scholarships to support funding college, to the conversation with Adrienne
encouraging me to pursue a physics bachelor’s degree, my journey has been defined by pivotal
moments encouraging me that I could pursue a degree. These moments have been essential in
building my self-efficacy towards pursuing a degree, but I recognize that there were many other,
smaller moments that contributed to my self-efficacy as well — moments that, though seemingly

subtle, provided the support and encouragement needed to navigate my academic journey.
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For instance, in Mr. Miller’s AP Biology course, the conversations I had with him and my
peers contributed to my understanding of pursuing a degree at a bachelor’s granting institution,
enhancing my self-efficacy in being able to obtain such a degree. These smaller moments, though
not as prominently featured in my narrative, were integral in shaping my self-efficacy towards
pursuing a degree. They also helped me see that, as a first-generation college student, I was capable
of obtaining the knowledge and mentorship I needed to navigate higher education.

However, by focusing solely on the most salient moments — the ones that I strongly associate
with my confidence towards pursuing my degree — I risk omitting the richness of smaller, yet equally
impactful, instances that supported my journey. These moments add nuance to the understanding
of how my self-efficacy developed. By excluding them, we limit our ability to fully appreciate the
complex, multifaceted nature of students’ experiences. Capturing these smaller granular moments
could add a layer of nuance and richness in understanding what information students need to feel
confident in their capability to successfully perform a task; in turn, provides critical information
about identifying and designing moments important for students’ SE development.

For example, had I journaled about the conversations I had with Mr. Miller and my peers, I may
be able to tell you what specific information the seniors were sharing from their lived experiences
that made me feel more confident about my ability to pursue a bachelor’s degree. I remember I
felt like I had a timeline and process for what pursuing a bachelor’s degree looked like (e.g., when
do I apply for scholarships versus when do I apply to attend a school), which made me feel more
confident about my ability to apply to a college successfully.

Overall, my story shows that developing SE towards pursuing a degree is a complex process.
For example, I shared a lot of the salient moments, which were moments where I strongly weighted
something about those moments as important for me in developing my self-efficacy towards my
physics bachelor’s degree and summarized other smaller moments as one large moment (e.g.,
rather than highlight each conversation from Mr. Miller’s class, I mostly remember that those
conversations took place and I found them invaluable).

Another important piece to this is that my identity as a first generation college student heavily
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impacted what moments were crucial for me to feel like I can successfully pursue and obtain a
degree. My story highlights that understanding how to build moments that support students’ SE,
accounting for their identity may be critical to the way in which students identify moments important
for their SE development as well as play a role in what students’ care about developing their SE
towards. Through showcasing how identity and self-efficacy intersected, this only demonstrates
further how complex developing one’s SE is and the information that one weighs in perceiving their

confidence in their abilities.

1.4 Structure of Dissertation

This dissertation is organized into eight chapters, each building toward a deeper understanding
of how self-efficacy can be explored through a carefully integrated mixed methods approach.
What follows is a roadmap of how the chapters develop this work across theoretical grounding,
methodological innovation, and empirical insight.

Chapter 1 established the foundation for this dissertation by grounding the research in both my
personal trajectory as a researcher and my broader goals in the field. It presents the argument for
a methodology-forward dissertation—one that centers the design, development, and evolution of a
research process as critical to the knowledge it produces. This chapter frames methodological rigor
and reflexivity not as background to findings, but as core contributions.

Chapter 2 provides the necessary conceptual grounding in self-efficacy. It explores its historical
development, key theoretical components, and the various ways it has been operationalized in prior
research. This chapter ensures a shared vocabulary and conceptual orientation that frames the rest
of the dissertation.

Chapter 3 offers background on the methodological choices made in this study, particularly the
use of mixed methods. Provides an overview of the literature that informs this design and approaches
used in the dissertation, focusing on how other researchers have worked across qualitative and
quantitative paradigms, and introduces key methodological commitments and tensions in which
this dissertation is concerned.

Chapter 4 presents a preliminary analysis that acted as a methodological pivot point for the
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work. This chapter details early insights from integrating the Experience Sampling Method (ESM)
data and individualized daily journal responses, which revealed important questions about data
integration, prompting the more layered methodological moves made in the chapters that follow.

Chapter 5 explores the introduction of a point of integration between the quantitative and
qualitative ESM data. This addition allowed the two forms of data to "speak" to one another more
directly. The resulting interplay reshaped how emerging threads in the ESM data were identified,
which, in turn, influenced the individualized daily journal prompt design. This chapter shows how
methodological design directly shaped data generation.

Chapter 6 builds on the prior chapter by moving from methodological integration to theoretical
exploration. It demonstrates how the individualized daily journal prompt design was refined to
more intentionally investigate the theoretical underpinnings of self-efficacy. This chapter reflects on
how design choices impacted not only data collection but also the depth and direction of theoretical
engagement.

Chapter 7 deepens the methodological contribution by focusing on the development and appli-
cation of the "identifying a thread" technique—a tool for establishing integration between the ESM
survey responses and the individualized daily journal responses. This chapter articulates how this
technique surfaced patterns of experience that were otherwise difficult to trace, and makes a case
for how mixed methods integration can serve both analytical and conceptual aims.

Chapter 8 concludes the dissertation with a reflective synthesis of the study’s contributions. It
revisits the dissertation’s central questions and offers insights into how this research informs future
work—methodologically, theoretically, and practically. The chapter also identifies open questions

and opportunities for extending this work in future research.
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CHAPTER 2

SELF-EFFICACY LITERATURE REVIEW

Self-efficacy (SE), first coined by Bandura, is the confidence one has in their ability to successfully
perform a task [18]. Researchers have identified SE as a critical construct to study because people
with higher SE towards a task are more likely to choose to perform the same or similar task in the
future, as well as persist and persevere in performing that task than people with lower SE [19-21].
The importance of SE is particularly evident in fields like science education, where studies have
highlighted its role in predicting students’ achievement in science courses, as well their choice to
major in the sciences and pursue science-based careers. Additionally, scholars have explored how
SE interacts with various instructional strategies [22] as well as academic activities [23].

Building on the definition of SE, it is essential to understand the theoretical foundations that
underpin this concept. The foundational theory of SE stems from Albert Bandura’s social cognitive
theory (1986), which emphasizes the role of cognitive, behavioral, and environmental factors in
shaping human behavior. According to Bandura, SE beliefs are central to how individuals approach
goals, tasks, and challenges. These beliefs influence not only the choices people make, but also
their effort, persistence, and emotional reactions to challenges and setbacks. In Bandura’s model,
SE beliefs affect the way people think, behave, and feel, influencing their motivation and overall
performance.

SE is situated within a social cognitive framework, which asserts that individuals learn through
the interaction of personal, behavioral, and environmental factors [18, 24]. Within this framework,
individuals are not passive recipients of environmental influences but rather active participants
in shaping their own experiences. Central to this framework is the idea that SE is developed
and reinforced through various sources, including mastery experiences, vicarious learning, social
persuasion and physiological state. In this work, we will refer to this as the source nature of SE.

Additionally, SE is inherently dynamic [18, 25] and domain-specific [18, 26-28], meaning
that an individual’s belief in their ability to succeed varies depending on the task or context and

can change over time. According to Bandura’s social cognitive theory, SE is not a fixed trait
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but rather a dynamic construct that evolves through individual’s experiences and interactions with
their environment. This variability is essential to understanding how SE functions within specific
domains. The domain-specific nature of SE means that individuals can experience fluctuations in
their beliefs across different tasks or contexts. A person may feel high SE in one context (e.g.,
biology) and may have low SE in another (e.g., physics), each domain involves distinct skill sets
and experiences. As such, SE can be highly contextual, changing as individuals navigate through
different situations or acquire new competencies and capabilities.

Thus, the theoretical foundations that underpin SE include the dynamic nature, domain-specific
nature, and source nature of SE. As such, we have divided this section into three parts: (1)

Domain-Specific Nature of SE, (2) Source Nature of SE, and (3) Dynamic Nature of SE.

2.1 Domain-Specific Nature of Self-Efficacy

A key characteristic of SE is its domain-specific nature [18, 29], which stems from the definition
of SE as one’s confidence in their ability to perform specific tasks. The specificity of the task
influences how one perceives their SE. For example, a student might feel confident in presenting
their research orally but lack confidence in writing their findings for a conference proceedings
paper. Therefore, when investigating students’ SE, researchers must account for the specific tasks
being assessed.

Researchers have used varying levels of specificity in defining tasks related to SE [27]. In the
context of physics education research, for example, there are numerous assessments that measure
SE, each tailored to the researchers’ focus and the specific aspects of the field being examined
[30-37]. One common survey used to assess SE within physics is the Source of Self-Efficacy
in Science Courses - Physics (SOSESC-P) survey [34, 38, 39]. Although this survey was not
designed to focus on a particular domain of physics beyond general course-related SE, it includes
items that probe SE as varying levels of specificity. For example, one item - “In-class discussions
and activities helped me to relax, understand, and enjoy my experience in the course” - addressed
broader, course-level engagement with the material and course, reflecting students’ general sense

of comfort and enjoyment within the course. In contrast, another item - “When I came across a
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tough physics question, I worked at it until I solved it” - assesses task-specific SE, focusing on
students’ persistence and problem-solving abilities in response to a specific academic challenge.
These examples illustrate how the survey captures SE at different levels of specificity, from general
course-related engagement to specific task-oriented behaviors.

The long-term goal of this project is to explore transfer students’ SE as they transition from an
associate degree-granting institution to a bachelor’s degree-granting institution. Specifically, our
objective is to investigate how SE evolves across and within these contexts. This evolution of SE is
shaped not only by the specificity of the tasks, but also by the broader educational context in which
those tasks occur. For example, students typically begin with confidence in their ability to complete
specific tasks within individual courses, reflecting task-specific SE. As they progress, they develop
confidence in their ability to navigate a course and meet the requirements for that course, which
constitutes course-level SE. This confidence continues to evolve, and as students approach their
degree completion, they gain confidence in their ability to meet all degree requirements, which
constitutes degree-level SE. Finally, students’ SE extends beyond their academic journey as they
begin to consider their future careers, leading to career-level SE. By breaking SE down into these
distinct levels, we can see how SE evolves from the specific (task) to the broad (career), shaped by
both the complexity of the tasks students encounter and the broader educational context in which
they are situated.

While the above paragraph implies that SE across these levels evolves in a linear fashion, this
may not be true for students. For example, a student may have high SE for completing a modern
physics homework, but may identify as having low SE towards passing their modern physics course
at that moment, or vice versa. This could be because students might develop confidence in one
domain without directly impacting others. Another explanation could be that some students may
not see the connections between tasks and higher levels (such as their course, degree or career);
hence, having high SE towards a task may not necessarily build their SE in another domain. This
acknowledges that SE at each level may be influenced by different factors and may not always

transfer between levels; thereby, treating each domain as distinct. As such, this mixed methods
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approach sets up a methodology to be able to explore these domains, so we can start to explore what
factors influence students’ SE in these domains, and how these domains are related to one another.
In addition, this leaves room for diverse student experiences, suggesting that students’ domain-
specific SE may be shaped differently depending on their individual contexts and perspectives. In

the following passages, we will explore each of these domains in more detail.

2.1.1 Task-Specific Self-Efficacy

This domain of SE refers to an individual’s confidence in their ability to successfully complete
a particular task or activity [18, 25]. Academic SE refers to a student’s overall confidence in their
ability to succeed in academic tasks, such as studying versus note taking versus writing [40]. In
contrast, task-specific SE focuses on confidence in completing particular, often more specialized,
tasks. For example, the technical writing required for a chemistry lab report might differ from
that in a physics lab report because of the specific content involved, or writing in STEM courses
might be very different from the writing required in an English class. Research has shown that
students’ SE towards a particular discipline, chemistry, differs from their overall academic SE. In
one study, students’ chemistry SE increased across the semester, while their academic SE decreased
[41]. The academic SE scale they used was modified from the Motivated Strategies for Learning
Questionnaire (MSLQ) [42], in which the 8 items they used were related to the students’ abilities to
perform broad tasks within their courses (e.g., can understand the most complex material presented
in my courses, can understand the basic concepts taught in my courses, can master the skills being
taught in my courses). Notably, the way chemistry SE was measured in this study involved assessing
students’ understanding and comfort with specific chemistry concepts, such as interpreting chemical
equations and understanding the properties of elements. Thus, this demonstrates how the broader
academic tasks differ from other more specialized tasks.

This chemistry scale focused on tasks related to understanding particular concepts within the
discipline of chemistry, highlighting one way in which the task can be specialized. Similarly, in
physics education, researchers have examined SE through problem-solving tasks, considering how

confident students feel in performing specific problem-solving tasks [32, 43]. For instance, Durk et
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al. (2020) explored how students’ SE was linked to their ability to calculate physical phenomena,
while Hung and Wu (2020) investigate how SE varies depending on the type of representation used
(e.g., numerical versus symbolic). These studies underscore how task-specific SE in physics is
shaped by the kinds of tasks students are asked to perform and how they approach them.

Miller and colleagues [44—46] highlighted another way to explore task-specific SE by examining
how peer discussions influence students’ confidence in switching their responses when answering
"ConceptTests," a type of conceptual multiple-choice question. This example underscores that when
examining task-specific SE, researchers must consider the diversity of tasks students encounter, such
as clicker questions, ConceptTests, homework, and projects, to name a few. These tasks each require
distinct methods for assessing students’ confidence in their abilities, as their SE can be shaped by
the nature of the activity itself.

For example, Fencl and Scheel explored how various instructional strategies shaped students’ SE
in response to specific course tasks, illustrating the importance of adapting pedagogical approaches
to the task at hand [34]. Additionally, both studies emphasize that instructional strategies—such as
peer discussion—can directly influence students’ task-specific SE, providing valuable insights into
how teaching methods shape students’ confidence in completing particular academic activities.

An alternative approach to exploring task-specific SE within physics is to recognize that de-
pending on the course type, educators may be interested in how different skills influence students’
SE. This approach involves selecting particular skills of interest and investigating how these skills
are related to students’ confidence in their physics abilities. One study explored students’ physics
lab SE, which was defined as one’s confidence in their abilities to complete laboratory tasks [47].
The items they proposed to explore students’ SE in relation to physics laboratory tasks are provided

below.

* I feel I could critique a laboratory report written by another students.
* I am confident that I could read the procedures for an experiment and conduct the experiment
on my own.

[ feel I am capable of helping my classmates with physics in the laboratory.
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These items capture a range of skills critical for students’ success in the laboratory, providing
insight into how task-specific SE can be related to the development or use of particular skills.
Through this passage, we have seen the different approaches used to explore task-specific SE,
depending on the focus of the specific tasks and the aims of the research. In this work, we will

discuss how tasks are defined in the context of the codebook later in the paper.

2.1.2 Course-Level Self-Efficacy

This domain of SE refers to one’s confidence in their ability to successfully pass a course [42, 48,
49]. A key approach to assessing course-level SE involves using items specifically designed to assess
students’ beliefs about their abilities to pass the course, including their abilities to complete the
course requirements. For example, the Motivated Strategies for Learning Questionnaire (MSLQ)
was designed for use in college settings and includes items that focus on students’ goals and value
beliefs for a course, their beliefs about their abilities to succeed in a course, and their anxiety in
relation to tests within a course [42]. These dimensions were critical as students’ SE was positively
related to greater cognitive engagement and actual academic performance (Garcia and Pintrich,
1995). These items were carefully tailored to explore students’ course-level SE, shared below.
As this allows researchers to assess students’ course-level SE, physics education researchers have

modified these for physics courses [49].

I believe that I will receive an excellent grade in this class.

* I’m certain I can understand the most difficult material presented in the readings for this
course.

* I’m confident I can understand the basic concepts taught in this course.

* I’m confident I can understand the most complex material presented by the instructor in this
course.

* I’m confident I can do an excellent job on the assignments and tests in this course.

* I’'m certain I can master the skills being taught in this class.

* Considering the difficulty of this course, the teacher, and my skills, I think I will do well in

this class.
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Although some researchers have developed course-level SE measures, some may choose to
measure subject-based SE, which is more broadly focused on students’ confidence in their ability to
learn or master the content of a subject, rather than students’ ability to complete a specific course.
In some cases, researchers use subject-based SE measures to assess students’ SE throughout the
course (i.e., they measured their subject-based SE at the beginning and end of the semester) [50, 51].
For example, in one study, they used the Achievement Motivation Questionnaire, which includes a
SE scale that assesses students’ confidence in learning physics, not necessarily passing a specific
course [48].

In determining what scale or whether to use course-level versus subject-based SE is dependent
on the research questions and nature of the research, and is thus up to the researcher to determine.
Our choice to use specific course-level items is in alignment with Bandura’s (1997) argument that
SE measures should be as closely aligned with the domain in question as possible [18]. He posited
that the more directly a measure reflects the specific context or task being studied, the better it will
predict individuals’ behaviors and abilities within that domain. In the case of course-level SE, using
items focused on students’ confidence in their abilities to pass a course provides a more accurate
measure of students’ confidence in their ability to succeed in that course. By ensuring that the
assessment is tightly aligned with the domain of academic coursework, we increase the likelihood
that the measure will reflect students’ true beliefs about their ability to succeed in the course, rather
than their general SE or subject-specific SE.

While alternative measures, such as subject-based SE, can provide valuable insights into stu-
dents’ confidence in mastering broader subject material, these measures may not capture the
nuances of students’ confidence in successfully completing the specific tasks and challenges pre-
sented within a course. By focusing on course-specific SE, researchers can more accurately assess
students’ preparedness for, and beliefs about, the course requirements, leading to more meaningful
conclusions about how SE influences students’ engagement, performance, and persistence in the

course.
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2.1.3 Degree-Level Self-Efficacy

This domain refers to an individual’s confidence in their ability to successfully complete all
the requirements necessary to obtain their degree [52]. This domain can be tricky to find in the
literature because there are other terms to discuss students’ degrees such as their major (Lent et al.,
1986) or educational requirements [53]. The Self-Efficacy for Technical/Scientific Fields assessed
SE by asking participants to indicate if they believed in their ability to successfully complete
educational requirements and work duties in the science and engineering fields. Informed through
Betz and Hacket’s study, Lent and colleagues asked their participants to rate their ability to perform
specific tasks related to academic success in science and engineering majors (Lent et al., 1986).
This particular measure of SE is referred to as Self-Efficacy for Academic Milestones and has been
used in multiple other studies (Lent et al., 2007, 2008; Jones et al., 2010; Jaeger and Adair, 2018).
Directions for this scale read as: “The following is a list of major steps along the way to completing
the engineering degree. Please indicate how much confidence you have in your ability to complete
each of these steps in relation to the engineering major that you are most likely to pursue” The items

are shared below.

* How much confidence do you have in your ability to ...

complete all of the semester 1 degree units with grades of B or better?

excel in your engineering studies over the next semester?

excel in your engineering studies over the next two semesters?

complete your engineering studies with an overall GPA of 3.8 or better?

Although these items focus on academic milestones as the work intended, these items are limited
in their scope, as they primarily reflect short-term academic success rather than broadly covering
degree-level requirements. Edzie (2014) expanded on others ways to explore students’ degree-
level SE in her work of exploring factors that influence female students’ pursuit and persistence

within STEM degree programs. Through mixed methods research, Edzie conducted focus group
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interviews to explore female students experiences. Some of the focus group questions used in this

study are in line with broader exploration of degree-level SE:

Was there a particular moment that stands out for you when you decided that this was the

right major for you?

What do you think educators can do to encourage more females in math and science - STEM?

How do you feel if you get a B on a homework or exam after you worked really hard to

prepare for it?

What motivates you to persist in this major?

These questions touch on aspects of SE related to motivation, persistence, and emotional
experiences - critical components of degree-level SE. Within her mixed methods research, Edzie
also adapted SE scales, specifically, those from the Motivated Strategies for Learning Questionnaire
[42], to explore students’ confidence in their ability to succeed in STEM majors. By adapting these
items to ask about “STEM major” rather than “class,” Edzie’s researcher aimed to better capture
students’ confidence in their ability to complete degree requirements within their chosen STEM
discipline.

Importantly, recent research suggests that hands-on, immersive research experiences can po-
tentially enhance students’ degree-level SE (Amelink et al., 2015). These experiences can provide
students with a tangible sense of what it is like to succeed in the field, increasing their confidence
in completing the academic milestones necessary to achieve their degree. For example, a hands-on
research experience not only helps students build skills but also offers direct evidence of their ability
to solve complex problems and contribute meaningfully to research teams. This can potentially
improve students’ belief in their ability to complete key tasks in their studies required to obtain
their degrees.

As students gain first-hand experience and develop their technical skills, their SE grows, not
just in terms of academic performance but also in their ability to meet the broader demands of

their degree program. This increased confidence in their skills and abilities fosters persistence and
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motivation, ultimately contributing to their academic success and degree completion.

2.1.4 Career-Level Self-Efficacy

There are four ways in which SE has been linked to career within the literature. Betz and
Hackett (1981) used social cognitive theory as a lens through which to explore the differences in
how men and women perceive their confidence in their ability to succeed in various career-related
tasks or fields [53]. The kind of career SE could encompass skills, tasks, and roles within the
profession in addition to the decision-making process about which career to pursue. Then, others
have conceptualized career SE in relation to the decision-making process specifically. For example,
Gordon (1998) defined career decidedness as the level of confidence regarding a particular career-
related decision whereas others refer to career decision SE as the confidence one has in their
abilities to make career-related decisions and produce positive outcomes (Betz and Hackett, 1986;
Kim et al., 2016). Then, Restubog and colleagues defined career SE as one’s confidence in their
ability to succeed in an academic program, which is part of the pursuit of a specific career (2010).
Then, another way to conceptualize SE in relation to career is career-level SE, in which this is
one’s confidence in their abilities to complete the educational requirements and job duties for their

intended future profession or career [49].

2.2 Source Nature of Self-Efficacy

An individual’s SE is influenced by how they interpret information from various sources.
Bandura identified four primary sources of SE: mastery experiences, vicarious learning experiences,
social persuasion experiences, and physiological state experiences (REF). These four sources have
been widely recognized as fundamental in shaping SE, which is why we have prioritized crafting
individualized daily journal prompts that align specifically with these sources. Although the focus
of this paper is on these four primary sources, we also recognize that other factors such as self-
regulation (Webb-Williams, 2017) may influence students’ SE in real-time experiences. However,
for this present work, we will focus on designing prompts in alignment with the four primary

sources of SE.
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2.2.1 Mastery Experiences

Personal experiences can be identified as successful or failure, depending on the interpretation
of the individual. They can select these successful or failed experiences to evaluate their confidence
in performing a future task [18, 19]. When individuals succeed in completing a task, this success
reinforces their belief in their ability to handle the same or similar tasks in the future; conversely, a
failure can threaten one’s SE [54]. The way an individual interprets this failure can impact whether
the failure threatens their SE. For example, if the individual interprets that they put a lot of effort
into the task and then failed, this could threaten their SE [20]. Furthermore, if the individual sees
their failure as an indication of their lack of ability, this may also threaten their SE. However, if the
individual interprets the failure as an opportunity to learn or grow, then the failure may not threaten
their SE. This shows how the interpretation of the failure of the individuals can impact their SE,
and this idea of interpretation also holds for successes. For example, when individuals overcome
particularly difficult tasks, this can support building their SE [18, 20]. Mastery experiences are
crucial for individuals as this means that they can use their own experiences when evaluating
their SE toward doing a task. Given that mastery experiences allow people to leverage their own
experiences, researchers have claimed that this is the most influential source for interpreting one’s
SE (Peker, 2016; Bandura, ). Although this has been argued, research has shown that different
populations of students may prioritize different sources of SE [19, 21, 55-57]. This suggests that
while mastery experiences are undoubtedly important, they may not be the primary driver of SE

for all student populations.

2.2.2 Vicarious Learning Experiences

When evaluating confidence in a task, people can observe others performing the same or similar
task, so they use this information to evaluate their own likelihood of success in the same or similar
task [18, 19]. For example, in academics, when determining how to use grades to assess their
confidence, students may compare their own grades to the graders of their peers to get a baseline
for how they did. In this case, a student may have received a B on their exam, and when they find

out that their peers received lower grades, this could boost their SE. However, if that student finds

25



out that their peers received higher grades, this could threaten their SE. This example demonstrates
how various learning experiences can threaten or increase students’ SE depending on how they
evaluate their performance compared to others. The “other" that students compare themselves to
matters, as well. Using the previous example, a student that they see as normally scoring A’s on the
exam may not be the person they choose to compare themselves to, or they could decide to use this
person as the comparison. In this case, because the student is comparing themselves to someone
who performs better on exams than themselves, then they may be likely to feel less confident in

their own abilities to perform that task (Bandura, 1993).

2.2.3 Social Persuasion Experiences

Social persuasion refers to verbal and nonverbal messages from others that influence one’s belief
in their ability to perform a specific task [18, 19]. These messages can be either positive negative
in nature. When individuals receive supportive or encouraging messages, it can boost their SE,
making them more confident in their capabilities. Conversely, when individuals receive messages
that imply doubt or disbelief in their abilities, this can threaten their SE, leading them to feel less
confident in their capabilities.

When conceptualizing SE, some researchers have also focused on the experience of receiving
feedback from others (Bandura, ; Hutchinson-Green et al., 2008). When students are uncertain
about their ability to perform a task, they often turn to others for feedback, particularly if they
lack direct knowledge or experiences with the task at hand (Bandura, ; Sawtelle et al., 2012).
Social persuasion is often studied by asking individuals to rate whether and how often they receive
encouraging messages from those around them (Usher, 2005). These messages can come in many
forms, ranging from verbal praise to subtle non-verbal cues.

A critical aspect of social persuasion is the interpretation of these messages. The impact of
feedback depends on how individuals perceive and interpret these messages, which is influenced by
factors such as the credibility of the person delivering the message [19]. For example, students may
be more likely to accept and be positively influenced by feedback from individuals they trust, such

as faculty members or mentors, than from less familiar or less credible sources. The credibility of
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the messenger is shaped by factors such as their sincerity, status, and familiarity with the student
(Bandura, 1997; Usher, 2005). For example, when students have a positive, trusting relationship
with their instructor or a faculty member, they may be more likely to interpret the feedback as
supportive and confidence building (Eva et al., 2012; Usher, 2005).

While much of the focus in social persuasion research is on feedback from others, it is also
important to recognize that messages can be communicated more subtly, including through nonver-
bal cues and cultural narratives (Sawtelle et al., 2012; Usher, 2005). For example, body language,
facial expressions, or tone of voice of the person delivering feedback can significantly influence how
the message is perceived. In addition, students are often exposed to cultural narratives or societal
expectations that can implicitly affect their SE, even if they do not consciously acknowledge them.
These implicit forms of social persuasion can be challenging to study, as they may not be overtly
recognized or may be dismissed by students in favor of more direct forms of feedback (Usher,
2005).

An ongoing challenge in the study of social persuasion is understanding which messages
individuals choose to internalize and which ones they dismiss. Given the variety of social sources
and contexts in which messages are delivered, it is still unclear which types of social persuasion are
most likely to have a lasting impact on SE (Usher, 2005). Some feedback may have an immediate
effect but little long-term influence, while other experiences may resonate with individuals and
shape their beliefs about their abilities for much longer. Research is needed to explore how people
prioritize and interpret different social influences, as well as how these messages interact with other

sources of SE (e.g., mastery experiences or vicarious experiences).

2.2.4 Physiological State Experiences

Physiological State: People may use their physiological or affective states to evaluate their
confidence in their abilities [18, 19]. Part of physiological or affective states includes accounting
for the emotional states of individuals, in which people can use their emotions in a moment
to evaluate their confidence in their abilities. For example, when people feel nervous about a

particular task, they may see this nervousness as a sign that they are lacking in ability. Other factors
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that can influence one’s physiological and affective states are mood, physical strength, and levels
of distress [58] . For example, when an individual is in a good mood, they can use their positive
memories around the task, enhancing their SE, whereas when an individual is in a bad mood, this
can have the opposite effect, threatening one’s SE (Usher, 2005). Furthermore, the intensity of
feelings or arousal can influence the degree to which the physiological state affects SE (Usher,
2005). The more intense a feeling is during a task, the more likely this physiological state may
affect one’s SE [18].

In terms of examining physiological state, student anxiety within academic contexts has been
commonly assessed (Gainor and Lent, 1998; Lent et al., 1991, 1996; Lopez and Lent, 1992;
Britner, 2008; Britner and Pajares, 2006; Smith, 2001; Usher and Pajares, 2009; Sawtelle et al.,
2012). However, little attention has been given to how positive physiological states have affected
individuals’ confidence in their capabilities [19, 20]. Physiological state can be a difficult source to
investigate in part because individuals can interpret their emotions differently in the sense of how
they interpret what their emotions are telling them and in part because physiological states are a
part of the human experience, so disentangling this source from the other sources of SE may be
difficult [19].

2.3 The Dynamic Nature of Self-Efficacy

SE is inherently dynamic, fluctuating from moment to moment based on a variety of internal and
external factors. Unlike fixed traits or stable abilities, SE reflects the changing beliefs individuals
hold about their capabilities in specific situations. Bandura initially conceptualized SE as the belief
in one’s ability to execute actions required to achieve particular goals [59]. This belief, however, is
not static; it is shaped by ongoing experiences, feedback, and situational contexts. For example, a
person’s sense of SE may rise after a small success, but may also diminish following a failure or when
faced with a challenging task (Schunk, 1989). These fluctuations occur in real-time, highlighting
how SE is continually shaped by momentary experiences, social feedback, and the challenges
or successes encountered in a given context [28]. As such, SE is a fluid and context-dependent

construct, constantly evolving as individuals navigate their day-to-day experiences.
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2.4 Contextualizing the Self-Efficacy Literature to Within the Dissertation Framework

The overarching goal of this dissertation is to design a mixed methods approach that can explore
the theoretical foundations of SE, specifically its dynamic, domain-specific, and source-specific
nature. These foundational characteristics of SE form the core focus of our study and are ex-
amined through multiple methodological lenses. Our primary quantitative approach—Experience
Sampling Method (ESM) surveys—addresses the domain-specific nature of SE by measuring task-
specific, course-level, and career-level SE at different points in time. By capturing students’ SE
across various academic and career-related domains, the ESM surveys provide a detailed snapshot
of how these beliefs fluctuate based on the context of the task at hand.

In addition, the individualized daily journal prompts complement this exploration by allowing
for a deeper and more reflective examination of domain-specific SE. Through these journal entries,
we can capture the nuances of SE as it unfolds across the day, adding richness to the quantitative
data and making visible how these prompts expand our understanding of domain-specific SE. For
example, students can reflect on their feelings of SE in relation to specific academic tasks, providing
insight into how these beliefs are shaped by ongoing experiences and shifting challenges.

To explore the dynamic nature of SE, we leverage the ESM surveys’ ability to measure SE at
different moments throughout the day. This allows us to capture fluctuations in students’ SE in
real time—such as a student’s confidence before and after studying for or taking an exam. This
dynamic measurement approach enables us to trace how SE beliefs evolve in response to different
experiences and challenges.

Finally, in exploring the source-specific nature of SE, we turn to the individualized daily journal
reflections, which give students the opportunity to reflect on the sources influencing their beliefs
in real time. Through these journal entries, we gain insight into how various sources—such as
personal experiences, feedback from others, or task challenges—affect students’ SE. A central aim
of this dissertation is to make the ways in which these individualized journal prompts contribute to
exploring the source-specific nature of SE visible and transparent, showcasing the methodological

work being done to capture these influences.
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In sum, this dissertation employs a mixed methods framework to investigate the dynamic,
domain-specific, and source-specific nature of SE, making visible the ways in which different data
sources interact to offer a comprehensive understanding of how SE is shaped by both internal and

external factors over time.
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CHAPTER 3

MIXED METHODS LITERATURE REVIEW
This study uses a mixed methods research design to explore students’ SE as it unfolds in real
time. While mixed methods is often broadly defined as the intentional combination of qualitative
and quantitative approaches [60], such definitions risk oversimplifying the epistemological and
interpretive complexity involved. As Sandelowski (2003) notes, the field often reduces these
methods to “words versus numbers,” overlooking how data are conceptualized, contextualized, and
used in practice [61]. To understand the development of SE, particularly in moment-to-moment
contexts, this study required a research design capable of both capturing and interpreting the
dynamic, context-sensitive, and multifaceted nature of students’ experiences — something mixed

methods, when rigorously integrated, is uniquely suited to do.

3.1 The Evolving Conversation Around Integration

At the heart of mixed methods inquiry is the concept of integration, widely considered the
defining feature of this approach [62-64]. Integration is not merely a procedural step but a
methodological commitment to generate insights that neither strand could provide independently
[63]. However, as noted in both foundational [65] and more recent work [66], integration is often
less clearly articulated in practice. In particular, researchers point to a lack of practical guidance
around how integration is enacted and how its quality can be assessed [65, 66].

In the early stages of mixed methods literature, integration was largely framed through the lens
of triangulation—a strategy aimed at validating findings by demonstrating convergence across data
sources [65] (Denzin, 1978). While this framing positioned triangulation as a core motivation for
mixed methods, subsequent scholarship has questioned whether it fully captures the breadth and
potential of integrated inquiry. Specifically, the term triangulation has become overly associated
with validation, which can obscure the broader interpretive and generative purposes of integration
[67-69].

In response, scholars have expanded the conceptual landscape of integration. Greene et al.’s

(1989) influential typology—triangulation, complementarity, development, initiation, and expan-
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sion—helped recast integration as a vehicle for deepening insights, provoking new questions, and
surfacing contradictions, rather than simply confirming prior claims [65]. More recent definitions
center integration as the dynamic interaction or “dialogue” between qualitative and quantitative
strands [69, 70], with the shared goal of generating insights that could not be achieved through
either approach alone [71].

To support this goal, scholars have offered a range of frameworks, models, and strategies for
achieving integration across different stages of the research process [62—-64, 69, 70]. For example,

Fetters, Curry and Creswell (2013) describe three integration techniques [62]:

* Merging, where data are brought together during analysis;
* Connecting, where one strand informs the sampling or data collection of the other; and

* Embedding, where one type of data is nested within the logic of the larger design.

These strategies provide concrete ways to operationalize integration and offer flexible ap-
proaches for facilitating communication between the quantitative and qualitative strands. However,
these strategies represent more general approaches to how the strands might be integrated, and they
may need to be further specified or adapted depending on the nuances of the research context and
the specific research questions. Other scholars have developed additional strategies that further
specify how communication between the strands can occur more effectively at different stages of
research.

For example, O’Cathain, Murphy, and Nicholl (2010) provide additional insights into Fetters
et al.’s concept of "connecting" by highlighting strategies like "Following the Thread" [69]. This
approach involves identifying a theme, concept, or question emerging from one data strand and
using it to inform or guide the inquiry within the other strand [69, 72]. By tracing these emergent
threads across data types, researchers can deepen their understanding and uncover new insights that
might not have been possible through independent analysis of each strand.

Building on the strategies proposed by Fetters, Curry, and Creswell (2013) [62], Vicki Plano

Clark (2019) has further advanced our understanding of how integration can be conceptualized
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and implemented across different phases of the research process [70]. Plano Clark emphasizes
the importance of intentional integration at both the methodological and practical levels, noting
that integration is not just a technical step but also a critical design principle that shapes how
research unfolds. Her work provides several strategies that can be incorporated into the framework
of connecting, merging, and embedding. Plano Clark (2019) highlights four key strategies for

achieving integration [70]:

1. Formulating Integrative Research Questions: This strategy emphasizes the importance of
designing research questions that invite both qualitative and quantitative investigation. These
questions act as a bridge between the two strands, ensuring that both data types are aligned

and contribute meaningfully to addressing the overall research goals.

2. Aligning Quantitative and Qualitative Data Sources: This strategy calls for the careful
selection of data sources that complement each other and provide a comprehensive view of
the phenomenon under investigation. For example, qualitative data can be used to explore

the nuances and underlying factors that quantitative data might not fully capture.

3. Identifying Points of Integration: This strategy involves identifying specific moments or
locations in the study where the two strands of data intersect. Whether during data collec-
tion, analysis, or interpretation, recognizing these points allows researchers to leverage the

strengths of both qualitative and quantitative methods to generate deeper insights.

4. Developing Joint Displays and Mixed Interpretations: This strategy focuses on how the
results from each strand can be presented in an integrated way, such as through joint displays
that allow for a visual representation of the data. This approach helps to demonstrate how
the two strands complement each other and how the integration contributes to the overall

findings.

Plano Clark’s framework provides a more structured approach to integration, reinforcing the

idea that integration is not just about combining data but about strategically designing research to
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allow for meaningful interaction between data types.

These approaches provide language and structure for operationalizing integration across dif-
ferent phases of the research process. By offering clear, actionable strategies such as merging,
connecting, and embedding, these frameworks allow researchers to systematically apply integra-
tion throughout the design, data collection, and analysis stages. This operationalization not only
facilitates the practical execution of mixed methods research but also underscores the importance
of intentionally aligning the two strands of data in ways that enhance the overall research process.
Integration, as Zhou and Wu (2022) argue, should be understood as both a product and a process
[66]. As a process, it unfolds over the course of the study, involving ongoing interactions between
the qualitative and quantitative strands. As a product, integration results in tangible outcomes that
are the visible evidence of how the strands have been meaningfully combined to generate deeper
insights. Through these strategies, integration becomes more than just a procedural step; it is a core
methodological commitment that shapes the interpretation of findings and contributes to a more

comprehensive understanding of the phenomenon under investigation.

3.2 Operationalizing Integration Across the Dissertation

In this study, we build on this expanded view of integration by using what Fetters et al. (2013)
term a “connecting” strategy, in which one data strand informs the design or collection of the other
[62]. Specifically, our use of Experience Sampling Method (ESM) surveys provided both open-
and closed-ended responses that were used to generate individualized reflection prompts for student
journaling. This approach operationalizes the analytic technique of “following a thread” [69, 72,
73], a strategy wherein a theme or question that emerges in one data strand is traced and developed
in another.

By embedding this practice into the data collection process itself, we extend the use of “following
a thread” beyond its traditional application during analysis. In our design, analysis begins during
data collection—as researchers interpret ESM responses to write individualized prompts—and
continues after data collection has concluded. This dual-phase application not only highlights the

iterative nature of integration but also establishes a deliberate point of communication between the

34



qualitative (open-ended) and quantitative (closed-ended) components of the ESM survey. In doing
so, we create a novel point of integration that is both analytic and procedural.

This methodological choice responds to a growing call in the literature for greater transparency
and intentionality in integration [62, 74]. Researchers have noted that integration is frequently
described at the level of design but remains difficult to identify in published work. Zhou and Wu
(2022) argue that integration should be understood as both a process and a product—something
that unfolds across a study and must be made visible through evidence [66]. In our study, this meant
making explicit how student survey responses informed individualized daily journal prompts and
how these prompts created interpretive bridges across data types. Integration, then, became both
an epistemological stance and a practical design principle.

In Chapter 5, we treat the act of “following a thread” as a proof of concept. By weaving together
the different data sources—open-ended task survey responses, open-ended course survey responses,
and task-specific self-efficacy items—we assume that this integration is happening because we have
purposefully constructed prompts to facilitate that connection. At this stage, following a thread
is the methodological design that enables integration to occur, but it remains somewhat abstract,
based on the assumption that if we bring these data points together, integration will naturally follow.

Chapter 7, however, pushes this idea further by introducing the concept of evidence. Here, I
demonstrate that integration doesn’t simply happen because we try to follow a thread from ESM
data to daily journal prompts. Instead, we can actually see the integration in the data itself. By
tracing the movement of specific themes and language—such as task-specific SE items reappearing
in students’ journal responses—we provide concrete evidence that the integration has taken place.
This chapter moves beyond the conceptual argument for integration, offering an empirical basis to
show that the linkage between ESM and journal data is not only intentional but also verifiable.

Thus, while Chapter 5 assumes that integration occurs through the process of following a thread,
Chapter 7 provides the proof: integration is visible in the evidence, substantiating the claim that
the connection between data sources is not only a theoretical construct, but something that can be

empirically traced and validated.
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In sum, this mixed methods study contributes to the literature in two key ways:

1. by operationalizing “following a thread” during data collection to create a novel integration

point, and

2. by making the logic and labor of integration visible, transparent, and methodologically
grounded—responding to recent calls for clarity around what integration means in practice

and how it supports the interpretive aims of mixed methods research.
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CHAPTER 4

A REFLECTIVE APPROACH TO STUDYING SELF-EFFICACY IN REAL TIME

4.1 Introduction

This chapter outlines the research design, methodology, and methods employed in this dis-
sertation. The goal of this chapter is to provide a top-level description of how the integration of
quantitative and qualitative components of our mixed methods research design can support un-
derstanding a student’s real-time academic experience, particularly focusing on how a particular
moment in a student’s course plays a role in their self-efficacy. This supports the larger goal of the
dissertation, which is to demonstrate how the integration of quantitative and qualitative components
provides a robust framework for exploring student experiences in real time within STEM education,
particularly focusing on how these moments play a role in students’ self-efficacy as they navigate
their academic journey.

I begin by presenting an overview of the mixed methods approach, outlining the rationale for
using an explanatory sequential design. Then, I describe the quantitative data source and method
used, followed by a discussion of its design and implementation. Next, I highlight the qualitative
data source and collection method, along with a discussion of its design and implementation. After
presenting the general approach, I detail the Fall 2020 data collection, including the key decisions
that shaped this first iteration of the design. This chapter also offers a preliminary analysis of the
Fall 2020 data through the lens of Jane’s (pseudonym) experience, emphasizing the value of a mixed
methods approach in studying students’ self-efficacy in real-time contexts. Finally, this analysis
serves as a critical point of reflection, illustrating how the data from this phase directly informed
the adjustments made to the second iteration of which happens in the Fall 2021 data collection.

Jane’s experiences, characterized by fluctuations in her self-efficacy scores and her enrollment in
arange of STEM courses, serve as a key case study throughout this chapter. These experiences not
only illustrate the kinds of characteristics of self-efficacy we aim to capture, but also underscore the
limitations of the research design implemented in the Fall 2020 iteration in doing so. The insights

gained from Jane’s preliminary data analysis in Fall 2020 led to three primary modifications to the
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Fall 2021 data collection. These modifications were based on the limitations identified through
the preliminary analysis and will be discussed in detail throughout this chapter. Furthermore, the
preliminary analysis helped shape each of the research narratives explored in Chapters 5-7.

By setting the stage with this preliminary analysis, this chapter demonstrates the iterative process
of this research investigation, revealing how the design, methodology, and data collection were
refined across the two iterations (Fall 2020 and Fall 2021) to capture a comprehensive understanding
of the complex experiences that influence the self-efficacy of students. Ultimately, the discussions
in this chapter provide the foundational context for the findings and analysis presented in the

subsequent chapters.
4.2 Overview of the Research Design

4.2.1 Rationale for Explanatory Sequential Mixed Methods Design

The decision to use an explanatory sequential mixed methods research design was driven by the
way self-efficacy has traditionally been explored in the existing literature [35, 39, 50, 51, 75, 76].
This design emerged as a fitting approach to address the research goals of the broader project, which
is to be able to explore how students’ real-time experiences are interacting with their self-efficacy,
as well as improving upon the more traditional data collection methods. In the following, I will
explain how this design aligns with the study’s objectives, offering deeper insights into students’
domain-specific self-efficacy by combining both quantitative and qualitative data.

The purpose of this methodology is to explore how real-time experiences influence students’ self-
efficacy, and conversely, how self-efficacy impacts students’ real-time experiences. To investigate
how students develop their self-efficacy over time, a method is needed to capture fluctuations in self-
efficacy from one lived experience to another. Specifically, this involves designing a methodology
to examine how self-efficacy changes from one moment (e.g., studying for a quiz) to another (e.g.,
taking the quiz).

Quantitative methods, such as surveys, have been used to track shifts in self-efficacy over time
[35, 39, 50, 51, 75, 76]. Although these methods can measure changes in self-efficacy, they

often lack the depth necessary to understand the underlying reasons for these changes [39]. This
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limitation suggests that a more nuanced exploration is required.

Qualitative methods are well suited to capture the complexity of individuals’ experiences in
response to specific events [77, 78]. Using qualitative methods, researchers can capture the
complexities of students’ thoughts, feelings, and behaviors in response to specific events, providing
richer, more detailed data that sheds light on how and why self-efficacy fluctuates in relation
to particular tasks or moments. However, qualitative methods alone cannot capture the real-
time fluctuations in self-efficacy that quantitative methods can, highlighting the need for a more
integrated approach.

The explanatory sequential mixed methods design, as shown in Figure 4.1, is particularly suitable
for this investigation because the structure of this design first pinpoints self-efficacy signals through
quantitative analysis before leveraging qualitative insights to uncover the underlying explanations or
contextual information. A signal typically refers to a momentary indication of change or fluctuation
in a measure construct - here, self-efficacy - captured through repeated surveys. These signals can
be shifts in responses over time that suggest meaningful variations in an individual’s self-efficacy.
Thus, in the quantitative analysis we leveraged analytic observations of the students’ survey data
to examine for characteristic changes that could manifest as (1) a noticeable drop or increase
in a student’s self-efficacy rating in response to specific tasks, (2) a pattern where self-efficacy is
consistently lower at certain times of the day or after specific academic experiences, or (3) deviation
from student’s typical response patterns that may suggest that a moment of their self-efficacy is lower
or higher at that particular moment. Then, to leverage the structured approach of an explanatory
sequential mixed methods design, the quantitative observations can then meaningfully inform a
individualized daily journal prompt, allowing for a deeper understanding of the factors influencing
students’ self-efficacy as those specific moments.

Integrating both quantitative and qualitative data provides a more comprehensive understanding
of the contextual factors influencing self-efficacy, insights that would be difficult to capture through
a single method alone [64]. Although the quantitative phase identifies broad patterns and variations

in self-efficacy, the qualitative phase offers deeper, individualized narratives that help explain the
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Quantitative Qualitative

Data Source Data Source

Figure 4.1 This figure illustrates the phases of an explanatory sequential mixed methods research
design. This process is structured in three key phases: (1) quantitative data source, (2) quan-
titative data observations, and (3) qualitative data source. Thereby, this design highlights that
the quantitative data observations occurs between the quantitative data collection and qualitative
data collection, with the results from the quantitative data observations informing the subsequent
qualitative data collection and analysis.

emergence of these patterns. This combination allows for a more nuanced interpretation of how
contextual variables shape self-efficacy experiences over time.

The explanatory sequential mixed methods design is an established approach in research and is
particularly effective for studies aiming to combine the strengths of both qualitative and quantitative
methods [64, 71]. This approach aligns with the study’s objective of exploring events that impact
students’ self-efficacy in real time, identifying fluctuations through quantitative data, and then using

individualized daily journal reflections to uncover the underlying factors driving these changes.

4.2.2 Overview of the Quantitative Source: Experience Sampling Method (ESM)

For the design, we used the ESM as the quantitative approach to collect data on domain-
specific self-efficacy of students at various time intervals throughout the day. The ESM is broadly
a technique used to capture real-time, in-the-moment experiences of individuals [79-81]. ESM
studies typically involve signaling participants to answer a combination of open and closed-ended
questions at random times throughout their day. These prompts are delivered through a signaling
device, typically a smartphone application. The data collected provides a rich, context-specific
snapshot of the ongoing thoughts, feelings, and behaviors of the participants, reflecting their
experience as they navigate daily life [82].

A major advantage of ESM is its ability to reduce retrospective biases [80, 83, 84]. By collecting
data in real time, we reduce the limitations of memory recall and provide an accurate and dynamic

understanding of how self-efficacy fluctuates in everyday contexts. The proximity of ESM to the
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lived experiences of the participants allows for a finer-grained analysis of how self-efficacy evolves
throughout the day and with respect to different situations. Moreover, the repeated measures nature
of ESM enables us to track intra- and inter-individual changes over time [80, 84].

Intra-individual analysis involves examining how self-efficacy fluctuates within an individual
over time, providing information on the personal, situational, and contextual factors that influence
these fluctuations. Inter-individual analysis, on the other hand, focuses on comparing these fluctu-
ations across different students, allowing us to identify broader patterns and themes in self-efficacy
within academic contexts. Together, these analyses provide a nuanced understanding of how self-
efficacy fluctuations both on an individual level and across a larger population. In this dissertation,

we will focus on examining fluctuations in self-efficacy within students rather than across students.

4.2.3 ESM Survey Design and Implementation

This section explains the specific aspects of the ESM survey used in the research design,
including the domains measured, the structure of the survey, the survey items, and the methods used
for data collection. To implement ESM to explore self-efficacy in real time, we used smartphone
applications to signal participants and prompt them to complete brief surveys about their domain-
specific self-efficacy. In Fall 2020, we used the LifeData application [85], and in Fall 2021, we
used the Expiwell application [86]. These platforms enabled us to deliver the surveys in a timely
manner, ensuring real-time data collection.

In the survey, students were asked open- and closed-ended items. The open-ended questions
were used to support the position of the individual’s experiences within an activity, course, or some
kind of context. For example, the open-ended item of “What is the main thing you are doing right
now” is there for the participants to describe the activity they are working on when completing the
survey. The closed-ended items were then measures of domain-specific self-efficacy: task-specific,
course-level, and career-level self-efficacy.

These domains were selected based on their relevance to the broader research goals and their
established validity in prior studies on domain-specific self-efficacy [25, 26, 49]. Specifically, task-

specific self-efficacy items have been shown to be valid and reliable measures in a high school and
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introductory college level physics context [25, 26], while course-level and career-level self-efficacy
items have been shown to be valid and reliable in the context of physics [49]. The survey items can
be found in the appendix.

Focusing on task-specific, course-level, and career-level self-efficacy aligns with the broader
aim of developing this mixed methods approach, which is to be able to capture transfer students’
self-efficacy as they navigate their academic journey, beginning at a community college, through the
transfer process, and ending at a bachelor’s degree-granting institution. Given this larger intention,
focusing on broader academic domains (task, course, and career) rather than domain-specific
measures such as physics self-efficacy stems from the desire to reflect the wide-ranging academic
contexts transfer students encounter. These students navigate various institutions, disciplines,
and academic settings, each with its own challenges and expectations. By focusing on domains
exploring their academic experiences, this approach can provide a more holistic understanding of
self-efficacy that applies across diverse academic experiences, rather than limiting the scope to
a particular subject area or field. This approach aligns with a larger institutional context within
which students develop and adapt their self-efficacy, allowing a deeper exploration of the factors
that influence their academic journey. This also supports this mixed methods approach in being
able to be used within other contexts such as at the graduate education level, in which students
must navigate moving from their bachelor-degree granting institution to their PhD-degree granting
institution as well as the differences in expectations placed on PhD students. Furthermore, this
approach can still explore specific disciplines such as physics self-efficacy, since a student’s physics
self-efficacy would be related to their self-efficacy to perform physics tasks, pass their physics
courses, obtain their physics degree, and pursue a career in which they can leverage their physics
experiences. As such, this mixed methods approach, with its emphasis on broad academic domains,
allows for a flexible exploration of self-efficacy across different contexts.

To capture these varied experiences, the design of the survey was intentionally kept short
to minimize the participant burden while still ensuring that the data collected would provide

meaningful insights [87]. During data collection, students were prompted to answer either the
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course-level self-efficacy questions or the career-level self-efficacy question depending on their
current context and relevance. For example, if students were engaged in an activity related to a
course, they would complete the self-efficacy items at the course level. If the activity was not
related to the course, they would complete the career-level self-efficacy items.

A critical component of any ESM study is the sampling method used to collect data on the
experiences of the participants. In this research, we used semi-random sampling. This approach
allowed us to capture a diverse range of experiences, such as meetings with peers, engaging with
faculty, or completing assignments, without overwhelming participants. Random sampling of
experiences ensures that a variety of contexts are captured, but we also sought to minimize the
participant burden. Therefore, we decided to restrict the signaling time to between 9 AM and 6
PM, with surveys delivered in four designated time windows. The application signaled participants
to complete a survey during one of these windows, for a total of four surveys a day.

Overall, leveraging the ESM via surveys allows real-time data on students’ self-efficacy to be
measured across 3 different domains while minimizing participant burden and maximizing the
relevance of the data to their academic experiences. With the ESM, we can gain a more accurate

and dynamic understanding of how self-efficacy fluctuations in real-world academic contexts.

4.2.4 Overview of the Qualitative Source: Individualized Daily Journal Prompts

As part of the mixed methods approach, individualized daily journal prompts were designed to
complement the real-time data collected through the ESM surveys. The purpose of these journal
prompts was to capture participants’ reflections on their daily academic experiences, allowing a
deeper understanding of their self-efficacy as it is related to these specific moments. By asking
participants to reflect on their day-to-day experiences, the journal prompts provided valuable
qualitative data that could help contextualize and enrich the task-specific self-efficacy scores from
the ESM surveys.

Asking for daily reflections makes sense in the context of this study, as the students completed
four ESM surveys each day. This frequency of data collection allowed us to capture specific

moments from each day, providing a detailed snapshot of students’ experiences. The individualized
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daily journal prompts gave students an opportunity to reflect on their self-efficacy fluctuations in
real-time, either within a specific academic context or across different moments throughout the day.
By linking the individualized daily journal prompts with the same daily experiences captured in the
ESM surveys, we were able to gain a more nuanced understanding of how self-efficacy may fluctuate
within a single day or across different academic tasks, improving the depth and relevance of the
data. Reflections help to provide depth to the quantitative data by offering students the opportunity
to confirm, disconfirm, or expand upon their survey responses, enriching our understanding of their
self-efficacy experiences. The relevance of these individualized daily journal prompts is guided
by the quantitative data itself. By using the results from the ESM surveys, we can tailor the daily
journal prompts to address specific aspects of students’ self-efficacy, thereby encouraging deeper
reflection on areas where they may have shown fluctuations or challenges, and fostering a more
focused exploration of their academic experiences. In some cases, students may also reflect on
particular daily experiences that were not captured in the ESM surveys. These reflections can still
serve as a point of triangulation around how a particular academic context, environment, or activity
more broadly may be impacting student’s self-efficacy; in other words, these reflections can serve

as complementary data supporting our understanding of students’ self-efficacy.

4.2.5 Individualized Daily Journal Prompts Design and Implementation

Students were signaled to complete their individualized daily journal prompts through the same
application that was used to signal them to complete their ESM surveys. These journal prompts
were delivered at the end of the day, after their final survey was completed. We delivered the journal
prompts through Microsoft OneNote, in which each student had their own notebook to keep their
data private and secure. These prompts allowed students to reflect on their experiences close to
when they occurred, offering rich and more nuanced insights that complemented the quantitative
data collection through the ESM surveys.

The individualized nature of these prompts was a critical aspect of the study design. Each prompt
was tailored to the unique academic experiences of the participant, ensuring that their reflections

were directly relevant to their current context. This customization allowed for more meaningful
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insights into how students perceived and evaluated their academic capabilities in relation to their
real-time experiences. For example, prompts might encourage participants to reflect on a particular
class discussion, an upcoming assignment, or moments where they felt more or less confident in
their abilities, either toward a specific task or within a broader academic context. By aligning the
prompts with the students’ immediate academic experiences, we were able to capture more precise
and context-rich reflections, which in turn provided a clearer picture of their self-efficacy. An

example of an individualized daily journal prompt is provided below.

Yesterday we asked how your experiences in the high energy physics lab affects your
confidence in pursuing a career and you said, “They reassured me that I am on the
right path...”. Can you tell us a little bit more about how your experience in the high

energy physics lab affects your confidence in pursuing a career?

e Tell me a story from today that is an example of how working in the high energy
physics lab affects your confidence in pursuing a career. What were you doing?

What were others doing?

- Jane’s Example INDIVIDUALIZED Fall 2021 Daily Journal Prompt, Week 1, Day 4

The example above highlights some of the specific strategies used to individualize the daily
journal prompts provided to students. One strategy involved incorporating the setting into the
prompt design. This meant specifying whether the experience the participant was reflecting on
occurred in the context of a course, a research lab, or another academic setting. In the example, the
prompt encourages reflection on the student’s experience in their high-energy physics lab and how
that setting impacts their career-level self-efficacy.

Another strategy for individualization involved using the participant’s own language, drawn
from their previous journal entries. For instance, in the example above, the phrase "They reassured
me that I was on the right path..." directly reflects the student’s own words from their previous daily
journal prompt response. This approach strikes a balance between incorporating the participant’s

language and maintaining the context of their experiences, while also allowing for a sense of agency
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in the reflection process. This is demonstrated in the open-ended nature of the prompt: "Can you
tell us a little bit more about how your experience in the high-energy physics lab affects your
confidence in pursuing a career?"

A critical strategy used to individualize the daily journal prompts involved tailoring them
based on the ESM data, a process that evolved across the two iterations of the mixed methods
approach in Fall 2020 and Fall 2021. In both iterations, the prompts were individualized by
incorporating analytical observations drawn from the ESM survey data, as highlighted in Figure
4.1. Specifically, students were asked to reflect on moments in which their self-efficacy appeared
to fluctuate. However, as revealed through preliminary analysis discussed in this section, another
strategy involved incorporating task and course-specific information from the open-ended ESM
survey responses. This use of task and course data manifested itself in several ways. For example,
it allowed us to focus on particular moments that were of interest to the researchers, such as meetings
with a research or academic advisor. Furthermore, this information was used to provide context for
the self-efficacy signals identified in the ESM surveys, allowing us to explore further the threads
and patterns that emerged. These threads will be explored further in Chapter 5.

In some scenarios, students received generic prompts instead of individualized ones. This
decision was based on the idea that offering a generic prompt was preferable to creating an individ-
ualized prompt when there was no clear data-driven rationale to do so. Specifically, if a student’s
ESM survey and/or previous daily journal responses did not yield new or conflicting insights, it
would have been misleading or counterproductive to guide their reflection with an individualized
prompt. In such cases, the use of a generic prompt was necessary to minimize researcher bias and
ensure that students’ responses were not unintentionally shaped by the researchers’ expectations or
experiences.

Although our goal was to provide each student with an individualized daily journal prompt, we
apriori prepared a set of generic prompts: prompts that did not incorporate contextual or specific
student experiences or language from their data. These generic prompts could be given to any

student, regardless of their individual responses. An example of a generic prompt is given below.
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Think of a time you felt really confident about your performance in a particular class -
either one you're taking now or one you've taken in the past. What about it made/makes

you feel confident?
® Take me back to that moment; what were you feeling and experiencing?

- Jane’s Example GENERIC Fall 2021 Daily Journal Prompt, Week 1, Day 1

In examining the generic prompt above, although it specifies a temporal element (i.e. asking
about the student’s experiences in the past or present) and the environment (i.e., a course they are
currently taking), it does not draw on any personalized information from the student’s experiences.
For instance, a more individualized prompt might specify a particular course, such as a physics
course, which would be directly tied to the student’s own academic context. However, this type of
prompt would not be applicable to every student in the dataset, as not all students may be enrolled
in a physics class. Additionally, while the generic prompt asks students to reflect on a course in
which they felt particularly confident, it does not directly ask about their self-efficacy in relation to
a particular course. If a student chooses to reflect on a particular course they are taking during the
data collection period, this could still provide useful information about their self-efficacy, especially
when analyzed alongside their ESM survey data.

Moreover, the student’s response to this prompt might align with the ESM data, offering us a
more comprehensive understanding of their self-efficacy in that course. For example, if a student
indicated high self-efficacy on an ESM survey related to a particular class, their response to the
generic prompt could confirm that they felt confident in that class, reinforcing the validity of the
ESM data. Thus, while the generic prompt does not specifically leverage the ESM data, it can still
provide valuable insights when paired with it.

The use of generic prompts proved invaluable, especially when time constraints made it difficult
to analyze each student’s data in depth and create tailored prompts. In these instances, pre-

prepared generic prompts allowed data collection to continue without compromising the integrity
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of the responses. More details about the individualized daily journal prompts will be discussed in

Chapter 6.

4.3 The Story of Two Iterations

This subsection tells the story of the two iterations of the study, focusing on the key logistical
decisions made during the preliminary analysis. It explores the design and implementation of the
mixed methods approach, with particular attention to the sample, the data collection period, the
technology used, and other logistical considerations. These details are integral to understanding

the preliminary analysis.

4.3.1 Iteration One: Fall 2020 Data Collection

In Fall 2020, data were collected as part of the mixed method study conducted by the original
research team. I was not directly involved in the Fall 2020 data collection process, but the following
descriptions are based on the documentation and information provided by the original research
team. The key features of the data collection process were as follows:

Sample: Data was collected from a sample of undergraduate physics students enrolled in upper
division physics courses during the Fall 2020 academic semester. These students were contacted
because they were physics majors who had taken at least one credit from a two-year college and
were currently enrolled in upper division physics courses. The choice to include students with
previous two-year college experience was intentional, as the goal of the study was to eventually
implement this approach in two-year college settings. This limited sample was also a practical
consideration, as this was the first implementation of the mixed methods approach. A smaller and
more focused sample allows for the evaluation of the feasibility and effectiveness of the approach
before scaling it up to include more students. In Fall 2020, a total of 6 students participated
in the study. Additionally, because of the researchers’ connection to the physics field and more
specifically the department, my colleagues had access to the physics student body and recognized
the opportunity to explore self-efficacy in a discipline where students often report lower self-efficacy
compared to other STEM fields [25, 51].

Duration of Data Collection: In conducting the Fall 2020 data collection, one key consideration
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was determining how long to ask students to participate and when to have completed the surveys
and individualized prompts. Given the comprehensive nature of data collection, the length of
participation posed an important challenge; especially, given that the data collection process requires
a substantial commitment from the students.

The original research team recognized the need to strike a balance between several factors to
determine the duration of participation. First, the burden on students was an important considera-
tion. Asking students to complete four surveys and a daily journal entry required time commitment,
and it was essential not to overburden them with too much data collection over an extended period.
Given the logistical challenges and the potential for participant fatigue, the aim was to ensure that
the duration of the study remained feasible and sustainable for the participants.

At the same time, the study design required sufficient data over a number of days to capture
significant fluctuations in student self-efficacy. The surveys were sent semirandomly throughout
the day, and to detect any shifts or changes in self-efficacy, we needed to ensure that students
participated for a long enough period to produce variability in the data. This meant enough data
points needed to be collected to observe trends or patterns over time, while also accounting for
individual variations in self-reports.

Another consideration was the amount of data needed to capture a diverse range of academic
experiences among participants. A shorter duration, such as one week, risked missing key academic
tasks or variations in students’ experiences, which is one of the primary goals of this mixed
methods approach. Along with this variation, the collecting the data semi-randomly could result
in encounter instances where students were not reflecting on particular academic experiences. To
illustrate, students might have been eating breakfast or lunch or commuting on the bus, rather than
participating in academic-related activities when completing the surveys.

As such, the original research teams chose to collect two weeks; however, they also considered
when to collect those data during the semester. In alignment with midterms, they implemented a
four-week break between the first and second weeks of data collection, in which the first week of

data collection occurred in the first week of October and the second week of data collection occurred
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in the second week of November. This break was intentional, allowing for a pause in data collection
to reduce participant fatigue and ensure that responses were not influenced by the continuous nature
of the surveys and individualized daily journal prompts. The purpose of implementing this gap was
to maintain the quality of the responses by giving participants time to reset, preventing patterns
of complacency or exhaustion from affecting the data. This approach aimed to balance the need
for consistent data collection with the well-being of participants, ensuring that their participation
remained high and that their reflections were as accurate and meaningful as possible.

Administration of ESM Surveys and Individualized Daily Journal Prompts: During the data
collection, the ESM surveys and individualized daily journal prompts were administered only on
weekdays, excluding weekends. This decision was based on the assumption that the primary
academic experiences of the students occur during the workweek, making it the most relevant
period to study self-efficacy in academic contexts. Weekends often involve different routines,
such as social activities, work obligations, or personal time, which might not provide the same
insights into students’ academic experiences. Furthermore, the original research team recognized
that having students complete surveys throughout the week and the weekend would burden the
students more considering that students’ weekends may involve different routines and activities.
Although this approach helped focus data collection on academic contexts, it also introduced
potential limitations. For example, some students may be involved in coursework or study sessions
on weekends, and these experiences were not captured.

The original research team chose to administer the ESM survey four times a day, during four
different time windows. During the time windows, students could be signaled at any time to
complete the survey. Once the student was signaled they had 45 minutes to complete the survey,
and if they did not complete it within this 45 minutes, the student missed responding to the
survey. Recognizing that their audience of students were transfer students at a bachelor’s degree-
granting institution, the team set the survey time windows between 9 am and 6 pm, and students
completed their journal reflections after 6 PM. Table 4.1 illustrates the specific time windows and

the distribution of the survey for each week.
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To distribute the ESM surveys, the research team used a smartphone application, which required
students to own smartphones. This approach allowed for the semi-random, real-time distribution of
surveys, ensuring students could be signaled throughout the day without needing to be physically
present in a specific location. The use of a smartphone app also minimized logistical challenges
associated with other survey distribution methods, such as email or paper responses. Other advan-
tages of using a smartphone application included protecting their data and ensuring that students
could complete surveys quickly and efficiently, regardless of their location, as long as they had
access to their smartphones. Although the use of a smartphone app provided several benefits,
including real-time distribution and location flexibility, it also presented some limitations, such as
the need for all participants to own compatible devices or for the research team to provide devices,
potential challenges in ensuring consistent engagement across diverse student schedules, and the
application itself costs.

The application was also used to send reminders to students to complete their individualized
daily journal prompts. For these prompts, OneNote notebooks were utilized to deliver the indi-
vidualized daily journal entries to the students. This required students to work with an additional
application in addition to the ESM survey smartphone app. However, since the students’ home
institution uses Microsoft applications, including OneNote, the intention was that they would likely
be familiar with this platform. Each student had their own private notebook to ensure that no one
outside the research team had access to their responses.

In summary, the Fall 2020 data collection process used a mixed method approach that combined

Week Number Daily Time Window Number \ Time
Daily Time Window 1 9:00 AM - 11:15 AM
Daily Time Window 2 11:15 AM - 1:30 PM
Week 1and Week 2 | 1y 410 Time Window 3 1:30 PM - 3:45 PM
Daily Time Window 4 3:45 PM - 6:00 PM

Table 4.1 ESM Survey Distribution for Fall 2020: Each student was randomly prompted to complete
the survey four times throughout a single day, resulting in four distinct time windows. Within Daily
Time Window 1, one student might be signaled at 9:13, while another might be signaled at 10:27,
demonstrating the semi-random nature of the survey distribution.
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ESM surveys with individualized daily journal prompts, as shown in Figure 4.2. The use of
smartphone applications for survey distribution and OneNote for journal reflections was used with
the intention of ensuring flexibility and ease of data collection for participants. Despite limitations
such as the need for compatible devices and the potential for varied engagement among students,
the chosen methodology allowed for a rich set of data that will be used for the preliminary analysis

in this chapter and for the analysis in subsequent chapters.

1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4

e o o o [ o o [

James

Jane

[ﬁﬁﬁﬁﬁmﬁﬁﬁﬁ]

1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3
4 4 4

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Koby

Figure 4.2 This figure illustrates the explanatory sequential mixed methods (ESM) approach used.
Specifically, this shows three students’ data across the two-week period (i.e., Jane, James, and
Koby). Each tan box represents an ESM survey that students were required to complete, while the
notebooks with writing symbolize the individualized daily journal prompts. For example, Jane’s
first ESM survey on Day 1 is shown by the tan box labeled “1’. Each student participating in the
Fall 2020 data collection completed four ESM surveys per day across a 5-day “week” (i.e., Monday
through Friday), with a total of 40 surveys completed per student over two weeks (20 surveys per
week). While this figure depicts the data collection for three students from the Fall 2020 cohort,
the full dataset includes responses from six students. Jane’s data is highlighted in green, and a
preliminary analysis of her responses is presented later in this section.

4.4 My Reflection through a Preliminary Analysis

As discussed earlier, I was not originally a part of the research team that designed the overall
mixed methods approach nor the team that implemented it to collect the Fall 2020 data. My
understanding when I came in was that the research team was interested in validating or evaluating
whether the ESM surveys and the individualized daily journal prompts could be connected to
explore the self-efficacy of students in relation to events as students were experiencing these events.
My goal was to come in to explore how the ESM surveys and individualized daily journal prompts

were leveraged to do this work, and to determine the ways in which we could build claims and what
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claims we could build from using such a mixed methods approach.

In working toward this goal, I started this work by conducting a preliminary analysis to explore
how the quantitative and qualitative elements of the ESM surveys and the individualized daily
journal prompts could be connected to each other with the Fall 2020 data. A preliminary analysis
felt right for this stage because I was becoming familiar with the ESM surveys and the individualized
daily journal prompts, and because having data from students supports understanding how students
are engaging with these data collection methods. Furthermore, the preliminary analysis was
foundational for driving the work that I present in Chapters 5-7, which speaks to the validity and
rigor behind the research design.

Thus, in the following subsection, I present the preliminary analysis. The preliminary analysis
was conducted through the lens of Jane’s data. As such, her experiences and engagement with the
Fall 2020 iteration of the mixed methods approach will serve as a lens through which I explored the
connections that can be built to link the ESM surveys and the individualized daily journal prompts
and responses. The intention of connecting her quantitative and qualitative elements was to see how
these components worked together to explore Jane’s self-efficacy in relation to events of her day.
From the preliminary analysis, we made three key modifications to the Fall 2021 iteration of the
mixed methods approach to address the limitations identified by analyzing Jane’s Fall 2020 student.
Thus, for the remainder of this section, I will discuss the preliminary analysis through the lens of
Jane’s Fall 2020 data collection, the limitations identified from the preliminary analysis, and how
those limitations translated into modifications made to the Fall 2021 iteration of the mixed methods
approach. Additionally, I will discuss how the modifications made to the Fall 2021 iteration then
motivated the studies produced in Chapters 5-7. This aforementioned process is illustrated in
Figure 4.3. Specifically, Chapters 5-7 will expand on one of the key limitations/modifications.
This modification laid the foundation for gathering information on how to integrate across the
quantitative and qualitative components to explore the self-efficacy of students in relation to events
as these events occur. I will conclude the dissertation with a discussion in which I share my insights

into the iterative process of refining and enhancing this mixed methods approach.
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Chapter 5

Preliminary Analysis of Fall 2020
Iteration: Exploring the connection
between Jane's ESM survey and Daily
Journal Reflection

Chapter6

A 4

Explores how the individualized daily journal prompts
capture the nuances of self-efficacy and how to
intentionally design prompts to explore these nuances

Implication: Need to Leverage
Open-Ended ESM Survey Responses

Chapter7

Explores the evidence used to claim the ESM surveys and
daily journal reflections are linked and how this
information impacts the strength of the claim that they are
connected

Figure 4.3 In the figure above, the light blue box marks the starting point of this process: the
preliminary analysis. From there, the arrow leads to the next light blue box, where we built on
the insights gained to rethink how to explore self-efficacy in relation to participants’ real-time
experiences. Based on these findings, we modified our data collection strategy by incorporating
open-ended ESM survey responses, as shown in the next, darker blue box. These insights also
informed the creation of individualized daily journal prompts. Chapters 5-7 branch from this
work, as indicated by the arrows splitting into three directions toward purple boxes. Each chapter
is represented by a different shade of purple to highlight the different aspects of the research
methodology I explored.

4.5 Preliminary Analysis through the Lens of Jane

The purpose of this section is to present the preliminary analysis that I conducted in the early
stages of my dissertation when I first engaged with the project. This analysis centers on the case
study of a student, referred to by the pseudonym, ’Jane,” and examines how her qualitative and
quantitative data interact. In exploring Jane’s case, I began investigating how the ESM surveys and
individualized daily journal reflections could be connected. This initial integration of these data
sources led to a deeper exploration of their relationship, which is detailed in Chapters 5-7.

In particular, this section demonstrates how combining the ESM survey and individualized daily
journal prompt data can create a more comprehensive understanding of a student’s self-efficacy in
real time. Through Jane’s data, I will illustrate how these different data types complement each
other and produce deeper insights into her self-efficacy at a specific moment.

This analysis was crucial not only for refining our research design, but also instrumental in

shaping the mixed methods approach used in subsequent data collection during the Fall 2021
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semester. This section aims to establish a clear connection between the initial findings of this

analysis and the direction of the research that unfolded in the following chapters.

4.5.1 Contextualizing Jane’s Data

In this section, I introduce Jane, a student whose data serves as the basis for this case study. Jane
was her chosen pseudonym used to protect her privacy, and her data provided insights into how this
mixed methods approach captures a student’s self-efficacy fluctuations in real time. This analysis
focuses on two key sources of data: ESM surveys and individualized daily journal prompts, both
of which were collected as part of the larger project aimed at exploring student self-efficacy.

Jane’s data was collected as part of the Fall 2020 data collection to support a preliminary study
to implement this mixed-method approach. Since her data had been collected, my primary task
was to analyze Jane’s data. Then, the main goal of this analysis was to see how the quantitative and
qualitative data informed each other.

The ESM surveys were used to collect Jane’s quantitative data. These surveys were designed
to capture Jane’s domain-specific self-efficacy, including her task-specific self-efficacy at specific
moments throughout her day, using notifications sent at random intervals. Each notification asked
Jane to rate her confidence in completing a task at that time, offering a snapshot of her self-efficacy
related to a specific activity she was engaged in at the time. For the purposes of this preliminary
analysis, I focused on analyzing the task-specific self-efficacy scores, as they were directly related
to Jane’s immediate experiences and reflect her confidence in completing the task at hand at that
time.

Each survey response, or “Notification," corresponds to a specific point in time in Jane’s day.
Figure 4.4 illustrates the data collection process through the lens of Jane, providing a visual
representation of how these survey responses are captured throughout her day. For example,
Notification 8 refers to the fourth survey completed on the second day of data collection, providing
a measure of her task-specific self-efficacy as she engaged in a particular activity during that time.
The self-efficacy scores from these surveys serve as the quantitative data in this case study.

In addition to the quantitative data from the ESM survey, Jane also completed individualized
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1. What is the main thing you are doing right now?
[physics course]

3. How skilled are you in the activity? 97

4. Do you feel in control of the situation? 95

5. Are you succeeding at what you are doing? 90

6. Is the activity you are doing for a course you are
currently enrolled in? YES

7. What is the name of the course? [physics course]
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Figure 4.4 This figure illustrates the explanatory sequential mixed methods (ESM) approach used in
this dissertation. Each tan box represents an ESM survey that students were required to complete,
while the notebooks with writing symbolize the daily journal prompts. For example, Jane’s first
ESM survey on Day 1 is shown by the tan box labeled *1°. Each student participating in the Fall
2020 data collection completed four ESM surveys per day across a 5-day “week” (i.e., Monday
through Friday), with a total of 40 surveys completed per student over two weeks (20 surveys per
week). While this figure depicts the data collection for three students from the Fall 2020 cohort,
the full dataset includes responses from six students. Jane’s data is highlighted in green, and a
preliminary analysis of her responses is presented in this section later.

daily journal prompts as part of the Fall 2020 data collection, providing qualitative insights into
her experiences. These prompts were designed to capture Jane’s reflections about her experiences
from specific moments or overall experiences in relation to her self-efficacy. The journal responses
are an essential component of the analysis, as they provide additional context to the ESM survey
responses.

For example, while the ESM surveys offer a numerical representation of Jane’s self-efficacy
at specific moments, the journal prompts give her the opportunity to reflect on her experiences
in greater depth, relating her experiences to how they interacted with her self-efficacy. These
qualitative data offer valuable context to help interpret the fluctuations in Jane’s self-efficacy scores.
Figure 4.5 illustrates one of the daily journal prompts and Jane’s corresponding responses. The
analysis that follows will explore how this journal prompt and response enrich our understanding

of her self-efficacy within this particular moment and context.
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about your performance in a particular class —
either one you're taking now or one you've taken
in the past. What about it made/makes you feel

confident? Take us back to that moment; what 8 . L .
were you feeling and experiencing? 1. What is the main thing you are doing right now?
RESPONSE: Yesterday in [physics course] | felt [physics course]
confident in my knowledge and experience, and . i .
itwas exciting and felt useful and | know it will ol saleE ‘are e i act}mty? <L
be meaningful to my career path. 4. Do you feel in control of the situation? 95
5. Are you succeeding at what you are doing? 90
6. Is the activity you are doing for a course you are
currently enrolled in? YES
7. What is the name of the course? [physics course]
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Figure 4.5 This figure illustrates one of Jane’s responses to a daily journal prompt she completed
over the course of the two-week study period. The journal reflection (i.e., prompt and Jane’s
response) is provided in the light blue box. This prompt was given to Jane on Day 3 of Week 1
of the data collection demonstrated, as indicated by the start of the arrow coming from the third
notebook. The prompt given to her is identified by “PROMPT:”, and Jane’s corresponding response
is provided after “RESPONSE:”. Jane would have written her response on Day 3, after receiving
the prompt.

By providing an example of an ESM survey responses with the corresponding daily journal
prompt and response, this section will illustrate how both quantitative and qualitative data are
essential for capturing a comprehensive representation of Jane’s self-efficacy. On their own, the
ESM data show fluctuations in task-specific self-efficacy, but this is limited without contextualizing
the fluctuation. The individualized daily journal prompts provide this rich or additional context,
helping us to represent Jane’s self-efficacy at particular moments.

This case study serves as an initial exploration of how these two types of data can work together
to offer a more holistic view of self-efficacy, particularly in the real-time context of Jane’s academic
experiences. The integration of these data types will be explored in greater detail in later sections,
but it is important to first understand the separate components of Jane’s data and their relevance to

this study.
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4.5.2 Analyzing Jane’s Task Specific Self-Efficacy Scores: Identifying Peaks and Dips in
Jane’s Scores

In examining Jane’s data from the Fall 2020 iteration of the mixed methods approach, I began
with analyzing Jane’s fluctuations in her task-specific self-efficacy scores. I started by making
sense of the quantitative ESM survey scores, as this is in alignment with the research approach
being an explanatory sequential mixed methods design. Jane’s task-specific self-efficacy scores are
directly linked to the activity she was doing at the given moment she completed the survey. These
scores reflect Jane’s self-reported confidence in her ability to perform a specific task successfully
at the time she completed the survey, providing valuable insights into her task-specific self-efficacy
related to a specific activity in a particular moment.

A plot was built to visually display Jane’s raw task-specific self-efficacy scores for each noti-
fication in order to identify patterns, trends, or changes in her scores. Figure 4.6 provides Jane’s
task-specific self-efficacy per notification for week 1 of the data collection. To situate the plot
within the context of the ESM survey data, a notification refers to a single survey response from a
student. For example, Notification 8 on day 2 would be the fourth survey completed by Jane on the
second day of the week 1 data collection. In each of these surveys, Jane answered a set of items,
covering her domain-specific self-efficacy.

The advantage of plotting Jane’s raw task-specific self-efficacy scores is that it allows us to
examine fluctuations in her self-efficacy. These fluctuations are significant because they indicate
moments when Jane’s task-specific self-efficacy was either threatened (leading to a decrease) or
supported (leading to an increase). These moments are valuable for researchers and educators, as
they could provide insight into the factors that influence students’ task-specific self-efficacy. This
understanding can guide efforts to support students in developing their self-efficacy. For example,
as shown in Figure 4.6, Notification 8 appears to reflect a high moment of self-efficacy. Later
in the section, we will discuss using the individualized daily journal prompts to support further
interpretation of Jane’s task-specific self-efficacy score at Notification 8.

Identifying this as a peak is based on my interpretation of the plot, where a noticeable increase
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Figure 4.6 This figure illustrates Jane’s task-specific self-efficacy scores per notification for Week
1. The y-axis represents Jane’s task-specific self-efficacy ratings, ranging from 0 to 100, which
corresponds to her confidence in completing tasks on a 0-100 scale. The x-axis shows the noti-
fications, with each notification representing a specific survey completed on different days of the
week. For instance, Notification 8 corresponds to the fourth survey completed on Day 2. Vertical
lines are drawn to separate the surveys by day, with the first four notifications representing Day 1,
and a vertical lined placed after Notification 4 to separate Day 2. The legend on the right-hand
side indicates the different task-specific self-efficacy items, with each of the lines representing the
fluctuations in Jane’s ratings for a particular item. For example, the purple dotted line shows the
changes in scores for the success item on the survey (i.e., Succeeding). Notification 8 is circled with
a red, solid oval as an indicator of a peak that the research team identified and because throughout

this sub-section, I will be examining Notification 8.

in Jane’s self-efficacy stands out. In other words, no statistical tool was used to identify peaks or
dips. Statistical tools may be limited in how they identify peaks or dips in self-efficacy based on the
amount of data we have during data collection. For example, on Day 2 of Week 1 of data collection,
we would not have enough data to potentially make a strong statistical inference about an increase

or dip, during the data collection period we have relied on the researcher’s interpretations of the

plots to identify peaks or dips.
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4.5.3 Analyzing Jane’s Task-Specific Self-Efficacy Scores: Contextualizing Jane’s Scores
with Courses

Acknowledging that the activity in which Jane was engaged at the time might be related to her
career or course self-efficacy became an important element of both her narrative and future analysis
of her task-specific self-efficacy scores. This insight was encouraged by both the literature and
Jane’s qualitative data, allowing for an exploration of the relationships between different domains
of self-efficacy. For example, research suggests that students often feel more efficacious in certain
courses than in others [25, 34, 39]. Jane’s qualitative responses also indicated that she experiences
different courses in varying ways, indicating that her domain-specific self-efficacy may vary when
situated within her course information. Below are two excerpts from her daily journal responses,

illustrating her distinct experiences with different courses.

"Frustrated with the math department, proud and excited about the physics department,
frustrated with the [computational modeling course]..."

- Jane’s Daily Journal Prompt Response, Week 1, Day 1

"The math classes are very difficult to ask questions in and are overwhelming in the
way they teach/treat students...[ Computational Course] is too fast paced and jumps
from concept to concept too fast they have help rooms but the pace of the content leaps
seem too overwhelming."

- Jane’s Daily Journal Prompt Responses, Week 1, Day 1

From these responses to daily journal prompts, it is clear that Jane experiences her courses
in her Fall 2020 semester differently. Given this, I was interested in determining whether these
differences might be reflected in her task-specific self-efficacy scores. I posited that her task-specific
self-efficacy ratings could differ depending on the course they were associated with. To be able to
explore such patterns, I wanted to incorporate course information into her task-specific self-efficacy

plots.
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To do so, I color-coded the notifications on the plot according to the specific course Jane reported
that was related to the activity she reported in her survey response (i.e., notification). This feature
enabled me to contextualize Jane’s task-specific self-efficacy scores, providing a way to examine
how her task-specific self-efficacy varied across different courses or even situate a peak or dip in a
student’s task-specific self-efficacy within a particular course. For example, Figure 4.7 illustrates
how color-coded notifications help us recognize that Notification 8, which reflects a peak in Jane’s
task-specific self-efficacy, is specifically associated with her physics course. This visual context

provides a clearer picture of how her self-efficacy aligns with her course experiences and provides

additional contextual information about that notification.
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Figure 4.7 This figure illustrates the the circle analysis conducted on the task-specific self-efficacy
scores plot. Jane was enrolled in three STEM courses: physics, math, and computational modeling.
Each course is represented by a different colored circled to indicated which course a given notifi-
cation is associated with. For example, Notification 8 is highlighted with a green circle, signifying

that it is associated with Jane’s physics course.
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4.5.4 Interpreting Jane’s Task-Specific Self-Efficacy Scores: Confirming My Interpretations
of Jane’s Scores

Upon analyzing the task-specific self-efficacy graph, I identified Notification 8 as a high moment
of task-specific self-efficacy. In isolation, this observation could suggest a moment of increased
confidence towards the activity, but to confirm the significance of this peak, I turned to Jane’s
journal responses.

To determine which journal response is related to the ESM survey, the timeline of when the data
was collected was used. Jane’s task-specific self-efficacy scores for Notification 8 corresponded to
her fourth survey response on Day 2 of Week 1, so I reviewed Jane’s journal responses from the
second and third days of the data collection to see if she had reflected on this moment. Indeed,

Jane’s reflection from Day 3 read:

"Yesterday in [physics course] I felt confident in my knowledge and experience and it
was exciting and felt useful and I know it will [be ] meaningful to my career path"

- Jane’s Daily Journal Prompt Responses, Week 1, Day 3

Given that Jane refers to the day prior (that is, Day 2) in the response and discusses her
physics course, I can confidently align her journal response with the high task-specific self-efficacy
scores from Notification 8 thanks to color-coding the notifications with the course information.
Her reflection about feeling confident and engaged in her physics course matches the peak we
observed in her task-specific self-efficacy plot. This alignment between Jane’s ESM data and
journal responses reinforces the conclusion that Jane felt high self-efficacy at the moment captured
in Notification 8.

Given the prompt response, we have shown that Jane has confidence in her physics course at that
time. This work demonstrated how combining Jane’s quantitative task-specific self-efficacy scores
with her qualitative journal responses provided the validity that Notification 8 was a high moment
of task-specific self-efficacy for Jane. Overall, we also have evidence that Jane’s quantitative and
qualitative data can be integrated with one another to get a snapshot into Jane’s self-efficacy towards

that task for her physics course at the moment she is doing it. Figure 4.8 highlights the process
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through which the quantitative and qualitative data informed each other and as such weaved together
Jane’s qualitative and quantitative data to come to this conclusion regarding Jane’s self-efficacy
towards this task within a course at this particular moment. This also serves as a proof of concept
that the mixed methods approach can be used to build a narrative around a student’s self-efficacy
with a given domain in a particular moment through integrating the quantitative and qualitative

components. For additional details about Jane’s case see Myers’s work (REF).
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Figure 4.8 This figure illustrates the iterative process through which quantitative and qualitative
data were used to inform and validate each other. The analysis begins with the task-specific
self-efficacy plots, which highlight peaks and dips in Jane’s scores. Next, the qualitative data -
specifically, Jane’s daily journal prompt responses - were used to contextualize and further inform
the quantitative analysis. The course information then helped identify which notifications were
associated with specific courses, when applicable. This cross-referencing process led to a merged
conclusion: Jane demonstrated confidence in her physics course at that particular moment.

4.6 Modifying Fall 2021 Data Collection Based on Preliminary Analysis

After conducting the preliminary analysis, I used the findings and insights from this work
to consider how to modify the Fall 2021 data collection to address some of the limitations of
the current iteration of the mixed methods approach and to enhance its validity, trustworthiness
and credibility. I identified three key areas of focus for these modifications: (1) the need to
expand participation beyond physics transfer students. This broadening was necessary to capture
a wider range of student experiences across different STEM disciplines, allowing for a more
diverse and representative sample. (2) The need to increase the duration of the data collection
period. A longer data collection time frame supports within-participant analysis, allowing for a

deeper exploration of how participants’ self-efficacy fluctuates over time, particularly in relation

63



to their real-time academic experiences. (3) The need to add open-ended responses to the ESM
surveys. This addition was necessary to enable a richer interpretation of task-specific self-efficacy
scores by allowing participants to explain and contextualize their experiences, providing a deeper

understanding of the factors influencing their self-efficacy at specific moments.

4.6.1 The Need to Broaden Participation Beyond Physics Transfer Students: Collecting
Diverse Experiences

One of the preliminary findings from Jane’s data revealed that she reported feeling differently
about each of the courses she was taking, suggesting that her self-efficacy in these courses varied.
This difference in emotional and physiological responses across courses highlights that self-efficacy
is not a uniform experience, but one that may fluctuate depending on contextual factors, such as the
nature of the course or the specific challenges it presents. This suggests that students’ experiences
are highly individualized and context-dependent, making it crucial to consider how self-efficacy
manifests differently across various academic contexts.

Given this finding, broadening our participant pool for the Fall 2021 iteration of our mixed
methods approach would allow us to more effectively explore the diversity of student experiences.
By including a broader range of participants with varied academic backgrounds and course loads,
we could capture the nuanced ways in which self-efficacy is shaped by different experiences. This
expanded sample would provide a more robust understanding of how self-efficacy operates across
different contexts, enhancing the generalizability of the findings that could be produced from such
an approach, and would offer deeper insights into the factors that interact with students’ confidence
in their perceived abilities in academic settings.

Furthermore, broadening participation would allow us to refine our data collection and analysis
methods, ensuring that the mixed methods approach can adequately account for variability in student
experiences. This would make our study more comprehensive and better equipped to uncover the

complex relationship between self-efficacy and the real-time experiences of the participants.
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4.6.2 The Need to Broaden Duration of Data Collection Period: Collecting Data for Within
Individual Analysis

Upon analyzing Jane’s data, we found that while the mixed methods approach allowed us to
make claims about specific moments, there are limitations in capturing such moments. In Fall 2020,
only two weeks of data were collected, which covered about 40 moments if participants completed
all surveys. However, this does not mean that participants are experiencing a lot of fluctuations
in their self-efficacy across a two-week time period, nor does it mean that we can capture a lot of
fluctuations in their self-efficacy around a particular course or context,when we are semi-randomly
collecting data. In addition, how many moments would we need, for example, to say that Jane
commonly reports high task-specific self-efficacy within her physics course, or Jane commonly
reports high task-specific self-efficacy within her physics course when working with her group on
in-class problems. This raises the question of how much data do we need from a participant to be
able to claim that there is a trend in the kinds of activity or context that are threatening or supporting
Jane’s task-specific self-efficacy.

Thus, rather than collecting two weeks of data like in Fall 2020, in Fall 2021 we decided to
collect four weeks of data to see if we could capture enough moments to be able to make claims
around a participant’s self-efficacy. Intentionally, the semi-random nature of this data collection
was not changed because the goal was to be able to explore their self-efficacy across a diverse range

of environments rather than exploring their self-efficacy within a particular context (e.g., a course).

4.6.3 The Need to Add Open-Ended Survey Responses for the Integration: Enhancing the
Interpretation of Task-Specific Self-Efficacy

An important aspect of integrating the quantitative and qualitative data here was the use of
course information to interpret Jane’s task-specific self-efficacy in context. Specifically, to link her
daily journal prompt response with the ESM survey response for Notification 8, it was crucial to
recognize that the task Jane referred to in the ESM survey was associated with her physics course.
Without accounting for this connection through the “circle analysis”, it would have been difficult to
link the Notification 8 survey data to the journal prompt, as the journal response focused solely on

her physics course. In particular, the journal prompt did not mention her task-specific self-efficacy
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scores directly or describe a particular task, so the course context played a key role in linking the
quantitative (i.e., ESM survey) and qualitative (i.e., journal prompt data).

To perform this circle analysis, I relied on open-ended ESM survey responses, where students
provided course-specific information. This suggests that including open-ended survey items in
the ESM survey can be invaluable for contextualizing task-specific self-efficacy scores. Therefore,
in the Fall 2021 data collection, we made a critical adjustment: instead of solely informing the
writing of the journal prompts based on fluctuation in their self-efficacy scores, we incorporated
their responses to the open-ended survey items to support writing the students’ individualized daily
journal prompts. This additional information was included with the aim of better understanding
and interpreting the students’ task-specific self-efficacy scores, thereby improving the process of

writing the daily journal prompts.

4.7 TIteration Two: Fall 2021 Data Collection

In this section, I will discuss the logistics of the Fall 2021 data collection. The logistics of
the Fall 2021 data collection closely mirrored those of the Fall 2020 data collection, with similar
procedures, tools, and strategies used to ensure consistency in both iterations. Although the key
differences between the two years have already been outlined, this section will provide a detailed
look at how the data collection process was organized and executed for Fall 2021.

One key difference for the Fall 2021 iteration that has not yet been discussed was the research
team. Although the faculty involved in the study remained the same as in Fall 2020, I replaced
the two graduate students who were part of the research team in Fall 2020. This change in team
composition allowed for a shift in the dynamics of the research process and may have influenced
data collection and overall study execution.

Sample: The sample for Fall 2021 data collection was drawn from the same research-intensive
bachelor’s degree-granting institution as for Fall 2020 data collection. We solicited students who
identified as STEM majors, including more than just physics majors, with priority given to this
criterion. To identify these students, I first examined their major and then determined whether it

placed them within the College of Natural Sciences. Once STEM majors were identified, students
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were then considered based on their transfer status and/or first-generation college student status.
This approach was motivated by my own experience as a first-generation college student. Although
my initial focus was to explore self-efficacy among first-generation students, I ultimately did not
engage with this criterion as extensively as originally planned. Within these criteria, I also aimed to
include students with a diversity of STEM courses to capture a broader range of experiences within
the field. Lastly, to further enhance the diversity of the sample, we also considered the organizations
on campus to which the students belonged. In addition to these criteria, we extended participation
offers to physics majors who had participated in the Fall 2020 study, to collect longitudinal data.

Duration of Data Collection: As mentioned previously, the Fall 2021 data lasted four weeks.
The study was conducted consecutively for the first two weeks, followed by a week break, and then
the last two weeks of data collection were completed consecutively. The decision to split the study
into two parts with a break in between was intended to prevent participant fatigue and maintain
data quality.

The two-week periods were strategically chosen to allow students time to settle into their classes,
ensuring that they had some experience in their courses and were more situated in their academic
routines. Additionally, the timing of data collection was designed to capture students’ experiences
on either side of midterms or around when they were taking their midterms, providing a clearer
picture of how their self-efficacy might fluctuate during a critical point in the semester.

Administration of ESM Surveys and Individualized Daily Journal Prompts: The administration
of the ESM surveys and individualized daily journal prompts in Fall 2021 closely mirrored that of
the Fall 2020 data collection; however, there were two main differences between the two iterations.
One of those differences was the switch from the LifeData application, used for delivering the ESM
surveys in Fall 2020, to the Expiwell application in Fall 2021. The second difference between the
data collection for Fall 2021 and Fall 2020 was in the adjustment of the time windows to respond to
the ESM surveys. In the first two weeks of the Fall 2021 data collection, we reduced the response
time from 45 minutes to 30 minutes. This change was made to increase the likelihood that the

researchers could access the student’s last response to the ESM survey on that day, allowing us to
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probe this response if we wanted to with the individualized daily journal prompts. Otherwise, we
would need to examine their last ESM survey response from the day on the next day if we weren’t
able to examine this before needing to send out their individualized daily journal prompts. However,
students were provided with the option to report any issues with the study through an additional
space in their individual OneNote notebooks. Some students noted that they were missing ESM
surveys or struggled to complete them because they needed more time to respond. In response to
this feedback, we extended the response time to 45 minutes for the last two weeks of data collection.
We decided that it was more important to meet the needs of the students than to be able to examine
the fourth survey response on each day. The students appeared to appreciate the additional 15

minutes. Table 4.2 shows the time windows for the Fall 2021 data collection.

Week Number Daily Time Window \ Time

Daily Time Window 1 9:00 AM - 10:45 AM
Daily Time Window 2 11:45 AM - 12:30 PM

Week 1and Week 2 | 1y 410 Time Window 3 12:30 PM - 2:45 PM
Daily Time Window 4 2:45 PM - 4:30 PM
Daily Time Window 1 9:00 AM - 11:15 AM
Daily Time Window 2 11:15 AM - 1:30 PM

Week 3 and Week 4 | 1y i1¢ Time Window 3 1:30 PM - 3:45 PM
Daily Time Window 4 3:45 PM - 6:00 PM

Table 4.2 ESM Survey Distribution for Fall 2021: The daily time windows were distributed
differently for Week 1 and Week 2 compared to Week 3 and Week 4. Each student was randomly
prompted to complete the survey four times throughout a single day.

4.8 Setting Up the Next Three Chapters

4.8.1 Exploring the Impact of Open-Ended Survey Responses on Interpreting Task-Specific
Self-Efficacy and Journal Prompt Development

Throughout my reflection of the preliminary data analysis, I have established the importance of
incorporating open-ended survey items to better interpret task-specific self-efficacy scores during
the data collection process, which in turn informs the creation of daily journal prompts. However,
this raises further considerations, as the inclusion of qualitative data may shift the type of information
we use to guide the journal prompt development.

In Fall 2020, our approach involved analyzing plots of raw task-specific self-efficacy scores.
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When we observed fluctuations in students’ scores, these fluctuations guided the content of the
journal prompts. Yet, as indicated by the preliminary analysis, the open-ended survey responses
- providing insights into students’ tasks and courses - could alter the types of observations drawn
from the ESM survey data. Consequently, this shift may change the nature of daily journal prompts.

This sets the stage for Chapter 5, where we will explore how integrating task- and course-specific
open-ended ESM survey items influence our interpretation of task-specific self-efficacy scores and

how this, in turn, affects the nature of daily journal prompts.

4.8.2 Investigating the Integration of Quantitative and Qualitative Data: Designing Daily
Journal Prompts to Capture the Theoretical Foundations of Self-Efficacy

Although this analysis serves as a proof-of-concept for integrating quantitative and qualitative
data, there is potential to improve the process of refining how we capture rich qualitative data. For
example, more targeted prompts could encourage deeper reflections on specific moments captured
in the ESM survey, offering valuable context about why or how certain experiences interact with
self-efficacy. Additionally, analyzing multiple data points across different contexts (e.g., various
courses or tasks) to be able to explore how self-efficacy develops over time.

Although Jane’s responses confirm that Notification 8 represents a high moment of self-efficacy,
a more detailed description of the experience would help researchers and educators understand the
factors and context supporting her self-efficacy at that moment. More broadly, eliciting rich
responses from multiple students about their particular experiences would provide valuable insight
into how specific moments or events influence self-efficacy. This can be facilitated through carefully
designed daily journal prompts. By examining the prompts written across Fall 2020 and Fall 2021
iterations of the mixed methods approach, we can ensure that the intention behind our prompts
capture the theoretical foundations of self-efficacy (i.e., domains and sources) in relation to a
specific moment.

In Chapter 6, I will report on the process of designing a codebook to systematically capture the
ways in which our daily journal prompts are in line with the theoretical foundations of self-efficacy.

Then, we will present an analysis of the codes applied to the two iterations of this mixed methods
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approach (i.e., Fall 2020 and Fall 2021). This analysis serves two purposes: (1) to examine how
the integration of open-ended survey responses impacted the design of the daily journal prompts
in exploring the theoretical foundations of self-efficacy and (2) to provide deeper insight into the
ways self-efficacy can be understood.

We will also examine how the integration of open-ended survey responses impacted the daily
journal prompts written across the two iterations of this mixed methods approach (i.e., Fall 2020 and

Fall 2021), providing deeper insight into the ways self-efficacy can be understood and measured.

4.8.3 Establishing the Need for Deeper Integration: The Role of Evidence in Linking Quan-
titative and Qualitative Data for Valid Self-Efficacy Claims

Although Jane’s response to the daily journal prompt could be interpreted as confirming that,
at Notification 8, she reported high task-specific self-efficacy, there is ambiguity regarding whether
the moment Jane reflects on in the daily journal prompt’s response is the same one she reported on
the ESM survey. For example, Jane writes, “Yesterday in [physics course] I felt confident in my
knowledge and experiment...”, but it is unclear if she was referring to any other moments associated
with her physics course throughout the day, which complicates the connection between the journal
response and the ESM survey data.

This raises an important issue: the ability to link the ESM survey response with the daily
journal prompts depends on how clearly the task and context are defined. Although both data
sources are related to the same course, they do not necessarily reflect the same task or moment in
time. To establish a valid connection between ESM data and the journal prompt and response, the
task described in both would need to be aligned to be able to explore task-specific self-efficacy.
However, a question arises: can the task be the same across different courses, or must it refer to the
same task within the same course for the linkage to be meaningful?

Thus, the specificity of the connection between the ESM survey data and the journal response
depends on the consistency with which the task and course information is shared between both data
sources. To strengthen the credibility of linking these two data sources in terms of task-specific

self-efficacy, it would be essential to identify or clarify the specific tasks involved in both the ESM
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survey and the prompt and response to the journal. Having this task-level information would help
ensure that the journal response corresponds to the same moment as the ESM survey response,
ultimately allowing for a more robust claim that the two data sources are indeed linked.

The link between the ESM survey and the daily journal prompts is critical to interpreting the
data in a meaningful way. If the goal is to use both data sources to provide a complementary
or holistic view of a student’s self-efficacy, it is essential that they focus on the same domains of
self-efficacy, or at the very least, the specific domain of self-efficacy around which the claim is
being built. Without this alignment, the data sources may not fully or accurately reflect the same
aspects of the student’s self-efficacy, which undermines their ability to offer a cohesive, integrated
understanding of the student’s self-efficacy. Therefore, ensuring that the task or domain in both the
ESM survey and the journal prompt and response are the same is a necessary step to strengthen the
validity or credibility of any conclusions drawn from combining these sources.

This idea of task alignment and data integration is what Chapter 7 addresses by exploring how
different types of evidence, both quantitative and qualitative, can be integrated to provide a more
accurate and holistic representation or understanding of a student’s self-efficacy. Chapter 7 will
provide a deeper investigation into the process of linking these data sources and offer strategies to

improve the validity of the claims about self-efficacy that arise from these integrated data.
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CHAPTER 5

EXPLORING THE IMPACT OF OPEN-ENDED SURVEY RESPONSES ON
INTERPRETING TASK-SPECIFIC SELF-EFFICACY AND JOURNAL PROMPT
DEVELOPMENT

5.1 Introduction

Research on self-efficacy (SE), or the belief in one’s ability to successfully complete a task
[18], has been shown to predict students’ achievement in science courses [88], their persistence
in science majors [89], and plays a role in students’ science career choices [90]. Quantitatively,
students’ science SE has traditionally been measured through pre- and post-surveys to explore shifts
in students’ SE from the beginning to the end of the semester [41, 50, 51]. However, this approach
limits our ability to investigate individual students’ SE (REF) while understanding the impacts that
particular events have on a student’s SE [19] — these measures involve a large time gap between
a student experiences an event versus when they report on their SE in relation to that event [19].
To better understand the relationship between particular events and an individual’s SE, researchers
have used qualitative methods such as interviews [19, 21]. While interviews invite participants to
share the experiences they perceive as most salient to them from their past experiences, they are
traditionally conducted in such a way that a time gap still exists between when students experience
events and when they report their SE in relation to those events. With traditional quantitative and
qualitative methods, participants draw on their memories of events a considerable time after these
events have occurred, which can result in missing critical aspects of how these events are important
in understanding one’s SE.

To overcome the limitations of these traditional methods, researchers have utilized a method
called the Experience Sampling Method (ESM) [80]. This is a technique for investigating the lived
experiences of individuals in the moment. Researchers have used this method as a quantitative
approach to investigate the gender gap in SE between women and men in different courses [26].
They found that women experienced lower SE within interactive-engagement physics courses than
men, but this difference was not present when analyzing the comparison of their SE across other

courses. Although this study opened the door to a new quantitative approach to studying SE, the
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study was limited in that the work was unable to account for how specific features of instruction
influenced students’ SE. Thus, their work showed that ESM could capture students’ fluctuations in
their SE closer to when events occur, but an additional data source would be needed to be able to
investigate how or why particular events influenced students’ SE [26].

In this work, we will present a novel mixed methods research design that pairs the ESM with
individualized daily journal prompts to mitigate some of the limitations of traditional research
methods used to study SE. The combination of these two methods allows for real-time tracking
of students’ SE fluctuations while providing the opportunity for personalized reflections on their
experiences in relation to those SE fluctuations. Throughout this paper, we will demonstrate how
our data collection process changed over two iterations and how this change impacted our ability to
investigate students’ SE in relation to their daily experiences. We will explore this through a critical
aspect of mixed methods research - the integration between the quantitative and qualitative data
sources within our mixed methods design [13, 71]. Specifically, we will introduce two instances of

integration that occurred during the data collection period:

1. The integration of the open- and close-ended items from the ESM survey. This builds a

coherent thread by linking the students’ numerical responses with their written responses.

2. The integration of the identified thread with the individualized daily journal prompts. Once
key threads are identified from the ESM survey data, they inform the development of indi-
vidualized daily journal prompts, which create a more contextually relevant and personalized
reflection process, allowing students to reflect on moments from their day and the particular

experiences that are influencing their SE.

This is not to say that all points of integration in our mixed methods design are discussed within
this paper, but rather we are focusing on these two particular points, as they are critical in eliciting
student reflections about moments from their day. Thus, this paper will explore how adding the

first point of integration to the second iteration impacted our ability to investigate students’ SE
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in relation to their daily experiences. We will explore the points of integration by answering the

following research questions:

1. How does the integration of the open- and closed-ended ESM survey data support the data

team in identifying key threads in students’ SE fluctuations?

2. How does the integration of open- and closed-ended ESM survey data influence the construc-

tion of the individualized daily journal prompts?

3. What are the advantages and limitations of our mixed methods research design?

We will begin by reviewing the background literature on SE and motivate the need for a mixed
methods research design that intentionally explores the theoretical foundations of SE (e.g., domains
and sources). In Section 5.3, we will present our overall research design, the contexts in which
it was applied, and outline the differences between the two iterations of our data collection. We
then will present our methods of analysis followed by the results of a nested and embedded case
study. Finally, we will synthesize the advantages and limitations of this novel mixed methods
research design while calling for more mixed methodological approaches when studying a complex

construct like one’s SE.

5.2 Background Literature & Purpose

In the following section, we summarize the theoretical foundations of SE and explore how
researchers have employed both quantitative and qualitative methods to study students’ SE within
STEM education, particularly in physics. Given the complexity of the construct, SE, a mixed meth-
ods approach is necessary to capture both measurable trends and in-depth experiences, particularly
when investigating how specific events influence students’ SE. However, integrating quantitative
and qualitative methods introduces its own intricacies; specifically, determining how to effectively
combine these approaches in practice is a challenge that requires careful consideration to address
the inherent limitations of each. This section will discuss the theoretical foundations of SE, the
various methods used to study it, and the role that mixed methods can play in deeply understanding

such an important motivational construct.
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5.2.1 Theoretical Foundations of SE

SE refers to an individual’s belief in their ability to successfully perform a task [18] and has
been identified as a predictor of academic motivation, goal setting, performance, and persistence
[91]. Specifically within the Science, Technology, Engineering and Mathematics (STEM) fields,
SE has been shown to predict achievement [55, 88, 92], persistence in science majors [75, 89, 93,
94], and science career choices [90, 95, 96]. As such, students’ beliefs in their academic abilities
play a critical role in how they navigate academic spaces such as classrooms, tutoring centers, and
research labs.

Examining how SE evolves as students interact with the academic systems can guide the design
of environments that foster positive SE formation and contribute to students’ overall success.
However, in doing so, it is important to ground this examination within the theoretical foundations
of SE as they provide insight into how students’ beliefs develop across different contexts (e.g.

domains) and from different experiences (e.g. sources).

5.2.1.1 Domains of SE

Specifically, Bandura emphasized that SE must be tailored to a specific domain that has varying
levels of tasks within those domains [18]. For example, a person may have high SE in performing
a particular task in one context (e.g., doing physics homework) but low SE in performing the same
task in another context (e.g., doing chemistry homework). This emphasizes the need to clearly
define the activity area of interest, analyze its different aspects, identify the capabilities required,
and consider the range of situations where these capabilities might be applicable [59].

As such, researchers have operationalized SE in a variety of ways. Typically, the generalization
of SE depends on the similarity of the tasks within a specific context, also recognized as task-
specific SE [18, 25, 47, 97]. For example, discipline-based SE refers to an individual’s confidence
in their ability to perform tasks within a specific discipline or field of study [27]. As a result, many
studies within physics education research have explored students’ physics SE, one’s confidence in
their ability to perform tasks related to physics [35, 51] as well as comparing students’ belief in

their ability to perform similar tasks across the STEM disciplines [25].
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Other researchers have distinguished SE according to the level of specificity of the task at hand.
In addition to task-specific SE, this characterization includes course-level SE - an individual’s belief
in their ability to earn a passing grade in a specific course [19, 49], degree-level SE - an individual’s
belief in their ability to complete the requirements for a planned degree program [52], and career-
level SE - an individual’s belief in their ability to complete the educational requirements and job
duties for the planned career [49, 98]. The differences in operationalization highlight the need for
decisions regarding the scope and focus of the task while taking into account the domain-specific

nature of SE. This has resulted in many questions about how to study SE domains [18, 27].

5.2.1.2 Sources of SE

In addition to examining the contexts in which SE evolves, it is also essential to consider how
students’ interpretations of the experiences they encounter within academia affect their SE. Bandura
posited four general kinds of experience, or sources, that can impact one’s SE [18].

The first source and generally the most studied are mastery experiences. These kinds of
experience are those where students interpret their SE drawing on past success or failures on the
same or similar kind of tasks [18, 19]. Researchers have claimed that this is the most influential
source for interpreting one’s SE [18, 20].

The second source Bandura posited is vicarious learning experiences [18]. These experiences
occur when students are observing others perform a task, in which they use this information to
evaluate their own likelihood of success at the same or similar tasks [12, 18, 19]. This may result in
experiences that threaten or support students’ SE depending on how they evaluate their performance
relative to others.

Furthermore, social persuasion experiences are verbal and nonverbal messages from others
about one’s ability to perform a task [18, 19, 99]. Often, researchers explore this source by focusing
on the encouragement or discouragement a person receives while performing a task [58]; however,
since people are not always aware of the messages they encounter, studying implicit messages poses
a challenge [100]. Consequently, many questions remain about how people interpret these social

persuasion experiences in relation to their SE.
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Lastly, physiological state experiences occur when individuals use their emotional state to
evaluate their confidence in their ability to perform a task [18, 19]. It has been mentioned in other
ways such as “emotional arousal”, “arousing experiences’ or “affective states” [101] and it accounts
for how anxiety, stress, or other feelings can influence one’s evaluation of their ability to perform
a task. Researchers have had difficulty in disentangle the physiological state on its own from the
other three sources [18, 19]; in turn, it has historically been challenging to study.

Overall, understanding these four sources is critical, as they shape how students interpret and
internalize their experiences, which ultimately influences the development of their SE in different
contexts. In the following section, we will summarize the methodological approaches that have
been used to investigate students’ SE and how the limitations of the various approaches interact

with the theoretical foundation of SE.

5.2.2 Methodological Approaches to Examining SE

In general, SE has been studied using a variety of methodological approaches. Quantitative
approaches, such as Likert-scale survey items, provide a value for a student’s SE in relation to a task
within a specific domain; however, these measurements are limited in investigating how specific
moments influenced a student’s SE [19]. In contrast, qualitative methods, such as interviews and
thought-listing, offer rich, contextual insights into the factors shaping students’ SE [99]; however,
it is difficult to interpret the size of the impact using these approaches. In the following, we will
discuss in detail how students’ SE has been investigated while outlining the inherent limitations for

each of these methodological approaches.

5.2.2.1 Quantitative Approaches

Self-efficacy is often measured quantitatively by using Likert scale surveys [20] which capture
a student’s SE at a single point in time. One-time measurements are typically intended to be used
for comparing students’ SE across different demographic groups [29, 33, 58, 102, 103] or to predict
an outcome of success [18, 28]. For example, researchers have used multiple regression analysis
to examine how factors such as gender, degree, and prior coursework predicted students’ SE at

the start of a semester [S0]. Multiple-time measurements, such as a pre- and post-test design, are
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leveraged to explore changes over a specific period of time, such as a semester or course sequence.
Within the same study, Ainscough et al. measured SE using pre- and post-tests to identify shifts
over the academic semester [50].

However, these approaches have limitations. One-time measurements provide a snapshot of
a student’s SE at a particular moment but fail to capture the evolving nature of SE, potentially
overlooking prior experiences that influence it. Similarly, multiple-time measurements, while
valuable for detecting changes in students’ SE, may miss important events or experiences that
specifically affected their SE. For example, a survey response might show a positive shift in SE,
but this shift could be due to different underlying changes in individual students’ perceptions of the
task at hand [104]. In addition, these methods also tend to aggregate data at the group level, which
generally limits the understanding of individual students’ unique experiences and how they shape
their SE.

In addition to the limitations of the type of measurement, the nuances of the theoretical foun-
dations of SE present challenges to the design of a quantitative survey tool. With a lens toward the
identified importance of the domain aspect of one’s SE, the choices that are made when designing
an SE survey have implications toward the operationalization of the domain and the tasks within
the domain. For example, a general physics SE survey such as the Physics SE Survey (REF)
can provide a broad overview of students’ confidence in doing the physics that is taught in the
classroom, but it may limit the kind of tasks physicists engage with more broadly. Recognizing
that different content areas of physics may lead to different tasks, other researchers have more
recently created targeted instruments to assess students’ SE in understanding content areas such as
stars and quantum mechanics. However, these tools focus on capturing the students’ confidence in
their conceptual understanding of these topic areas, which may not account for how other types of
academic tasks may impact students’ SE [37, 105]. Although there are many domain-specific SE
surveys used by educational researchers [22, 23, 37, 47, 49, 105], balancing the number of items
on a given survey while being transparent about the specificity of the domain can bring limitations

to the survey design process.
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Historically, there has been much less of a focus on SE surveys accounting for the identified
importance of the sources of SE [20]. However, a well-known and widely used SE instrument
that was developed with a sources of SE lens is the Sources of SE in Science Courses - Physics
(SOSESC-P) [34]. This instrument assesses students’ SE in physics using the four main sources of
SE that were outlined in Section 5.2.1.2.

A limitation of this particular SE survey is its design around the source of social persuasion.
The survey examines influences from instructors and peers but does not account for influences from
other people in students’ lives that may have an impact. Additionally, individuals may weigh the
impact of the social persuasion experience differently depending on who is doing the persuading.
For example, the instructor may have more weight on the student’s SE than their peers because
of their position within the classroom, or peers may have more weight as students may be more
likely to have more interactions with their peers. This nuance of the social persuasion source of SE
extends to the other sources as well. Mastery experiences, vicarious learning, and physiological
state are also measured without considering the depth and context of students’ interactions and
experiences. As a result, while the SOSESC-P provides a useful tool for measuring the sources of
SE, the survey may miss important contextual details as well as additional factors that students are
using to interpret and evaluate their SE.

In general, surveys as a traditional quantitative approach to measure SE may focus on specific
aspects of ones’ confidence that researchers are interested in, but they often fail to capture the
multitude of ways in which individuals interpret and evaluate their beliefs and experiences [20].
Thus, this critique points to the need for a more holistic approach that can account for various

“personal, social, situational and temporal” factors influencing students’ SE beliefs [20].

5.2.2.2 Qualitative Approaches

While quantitative measures can provide valuable insights into an individual’s shift in SE, they
have inherent limitations that can restrict a full understanding of the nuanced dynamics involved.
As as result, a variety of qualitative approaches have been leveraged to gain deeper insights into

students’ experiences as it relates to their SE (REF). Although experiences can create opportunities
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for developing SE, this does not mean they do (Lent et al., 1996; Sawtelle et al., 2012). In
order for experiences to impact SE, individuals decide which information to focus on, evaluate its
importance, and then combine it when judging their SE (Lent et al., 1996) — observations that only
qualitative approaches can begin to capture.

To explore how individuals interpret and evaluate their SE, there are a diverse range of qual-
itative methods that have been utilized such as interviews (Citations), thought-listing (Lent et al.,
1996; CITATION), open-ended items on surveys (Lin et al., 2017), weekly journals/prompts (CITA-
TIONS), and video recordings (CITATIONS). Interviews, the most common qualitative approach
to exploring one’s SE, have been used to explore personal narratives and reflections, allowing
researchers to capture the many nuances of the theoretical foundations of SE (Stoeckel et al., 2021;
Zeldin and Pajares, 2000). For example, one interview study explored the personal narratives of
15 women who have chosen and continued their careers within STEM to understand how their SE
beliefs influenced this decision. This approach allowed for an in-depth exploration of individual
experiences, and found that social persuasion and vicarious learning experiences were crucial for
women’s SE beliefs.

Similarly, weekly journal prompts have also been employed to guide individuals in reflecting
on experiences that support or threaten their SE (Fong and Krause, 2014; Stoeckel et al., 2021).
One advantage of weekly prompts compared to interviews is the reduced time gap between the
experience and reflection, allowing for more immediate insights. For instance, Fong and Krause
(2014) utilized weekly journal entries in an educational psychology course, prompting students
with questions such as, “What are the factors that make you feel confident?”. This approach aimed
to uncover broader sources of SE. In contrast, Stoeckel et al. (2021) focused on experiences related
to students’ abilities to complete weekly quizzes, providing prompts at the end of each quiz to
explore what bolstered their confidence. As such, weekly prompts serve as a valuable platform
for individuals to articulate their thoughts and experiences, encouraging reflection closer to when
events occur.

A strength of many of these qualitative approaches to exploring SE is that they allow individuals
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the flexibility to share their experiences in detail and how they are using information to assess their
SE. By focusing on individual stories, researchers can identify how various experiences contribute
to students’ SE beliefs. This flexibility allows researchers to explore the ways in which social,
cultural, and emotional factors may impact SE. In general, qualitative methodologies provide
valuable insight into the intricacies of SE by moving from a simple numeric measurement to
understanding the lived experiences of people more generally.

However, just like quantitative approaches, all methods come with limitations. While interviews
and weekly journal prompts may offer rich data that reveal the nuances of one’s SE, they often
capture only snapshots that heavily rely on participants’ memory recall. To mitigate the reliance on
this recall, Sawtelle and colleagues were interested in capturing real-time influences on students’ SE
through the use of video recordings to examine opportunities that serve as influences on students’ SE
as they were solving physics problems. While video analysis may provide immediate insights into
human interaction, they still rely on post hoc interviews for validation of a researchers interpretation
of the video data.

In general, many qualitative approaches that have been used to investigate students’ SE have
this limitation of memory recall; how much time there is between a specific event and when
a participant has the opportunity to reflect or validate the details of that moment. Moreover,
understanding the impact of an event or how one weighs their various experiences that influence
their SE is a challenge for many qualitative approaches (REF). Interviews, weekly journal prompts
and even video recordings aren’t able to account for a participant’s perspective in real-time which
leads to the need for more robust methodologies when exploring constructs such as SE. In the
next section, we will present an argument for using a mixed methods approach when studying the
development of students’ SE.

5.2.3 The Value of Mixed Methods Research

The intentional combination of quantitative and qualitative methods is known as a mixed

methods research design. However, beyond this general statement, researchers interpret and apply

it in diverse ways. Creswell notes that definitions of mixed methods should encompass a variety of

81



different aspects such as the methods, the design, the purpose, and the philosophical orientation,
but highlights that there is there is a lack of consensus between experts [64]. And although
these aspects are critical, researchers often oversimplify qualitative and quantitative research by
associating qualitative research with words and quantitative research with numbers [61]. Much of
the literature identifies that the combination of these broad definitions with little consensus overlooks
the nuance in how data is conceptualized within a design, which is essential for understanding the
nature of inquiry of the research [61].

Tashakkori and Teddlie (2014) define mixed methods as research that collects and analyzes
both qualitative and quantitative data sources, integrates the findings, and draws inferences from
both sources [60]. Others emphasize core characteristics of mixed methods research such as the
collection and analysis of both types of data based on the research questions, the integration of the
data and the results, the organization of procedures and research designs, and the application of
theory and paradigms to frame the study [64]. A common feature of both definitions above [60, 64]
is the concept of integration. Different scholars conceptualize integration in a variety of ways and
in turn, these differences in the conceptualization of integration can deeply influence the design
and outcomes of a research study. Below, we will highlight the need for a clearer understanding of
what integration entails in practice and our effort in contributing to the conversation as it relates to
how we’ve designed our mixed methods approach for exploring the development of students SE in

real-time.

5.2.3.1 Integration in Mixed Methods Research

Researchers employ a mixed methods approach because it adds value by combining quantitative
and qualitative methodologies, aiming to address and overcome the limitations inherent in each
[71]. This added value is achieved through integration, which allows for a more comprehensive
understanding of the phenomenon of interest [2, 64]. Achieving meaningful integration at different
stages of the study, as well as across different elements of the research design, helps capitalize on
the full value of mixing methodologies to answer novel research questions [2, 106].

As the research about mixed methods continues to evolve, the integration of quantitative and
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qualitative components remains a central focus. Researchers have proposed that greater levels
of integration can improve the quality and rigor of mixed methods studies (Yin, 2006; Bazeley
and Kempj, 2012; Teddlie and Tashakkorri, 2009), prompting efforts to develop frameworks
and strategies that facilitate effective integration [62, 63, 69, 70, 107]. Part of this emphasis
arises from the challenges associated with achieving meaningful integration in practice, with
many researchers acknowledging that integration serves as both a process (the ability to combine
quantitative and qualitative strands) and as a product (demonstrating that quantitative and qualitative
strands are effectively integrated) [66]. A notable example is Vicki Plano Clark’s identification of
four integration strategies: (1) formulating integrative research questions, (2) aligning quantitative
and qualitative data sources, (3) identifying points of integration, and (4) developing joint displays
and mixed interpretations [70]. Our goal for this work is to focus on one of these strategies,
specifically identifying points of integration, and how adding an additional point can influence the

outcomes of our study.

5.2.3.2 Identifying Points of Integration

Identifying points of integration refers to determining specific points or moments in a study
when the quantitative and qualitative strands intersect, interact, or influence each other [70, 108].
This strategy involves not only recognizing where the types of data meet but also considering how
these points can be leveraged to generate more comprehensive insights. These integration points
may occur at various stages of the research process, such as during the data collection, analysis or
interpretation, and are crucial for ensuring that both quantitative and qualitative strands inform and
enrich one another.

For example, Fetters and Molina-Azorin (2017) describe the data collection dimension of
integration as collecting both qualitative and quantitative data with intentional alignment to the
overall mixed methods research procedures [63]. This means that the process of data collection is
not just about gathering different types of data in isolation; rather, the collection of each dataset is
purposefully designed to complement and interact with the other. This intentional approach ensures

that both strands of data are integrated in a way that supports the research questions, methods, and
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theoretical framework of the study, contributing to a holistic understanding of the phenomenon of
interest. For example, in our context, to capture a more nuanced picture of SE, it is important to
complement the quantitative and qualitative data that explore the underlying perceptions, beliefs,
and contextual factors influencing students’ SE. Integrating these strands can offer a more holistic

view of how and why SE develops and changes over time.

5.2.4 Our Contribution to the Integration Conversation

In this paper, we aim to demonstrate the impact of adding a new point of integration to our
mixed methods research design intended to study the development of students’ SE. Our goal is
to be more transparent about what, where, and how integration occurs within the data collection
phase of our design. We will use the analytic technique known as “following the thread" which
generally begins with an initial analysis of data to identify key themes and analytic questions
for further exploration [69, 72, 73]. However, we are extending this analysis technique beyond
its traditional conceptualization by applying it during the data collection phase of our study. In
general, we will discuss how having an additional point of integration can support the identification
of key threads which in turn, influences how to gain meaningful insights into the development of
students’ SE. By introducing our novel mixed methods design, our study contributes to the ongoing
conversation about enhancing the integration process and provides a practical example of how

theoretical strategies can be implemented in a complex research design.

5.3 Research Design & Context

To be able to explore students’ SE closer to when events occur, we developed an explanatory
sequential mixed methods design that utilized surveys via the ESM followed by an individualized
daily journal prompt. In this section, we will provide a general overview of the research design, a
detailed description of the specific methods of collection for each data source (e.g. quantitative and
qualitative), and the context in which we explored how adding a point of integration during data

collection supported the writing of the individualized individualized daily journal prompts.
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Exploring Students’ Self-Efficacy in Real Time: Explanatory
Sequential Mixed Methods Research Design
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Figure 5.1 The explanatory sequential mixed methods design for one day of data collection. This
design lead with a quantitative data collection and analysis that informs a qualitative data collection.

5.3.1 Overview of the Research Design

Figure 5.1 shows a general snapshot of one day of data collection. Our design is led by the
quantitative data source — ESM surveys intended to probe in-the-moment experiences (Phase 1).
In our design, we randomly notified participants four times throughout the day via a Smartphone
application called ExpiWell (REF). For each notification they were asked to respond to short, open-
and close-ended survey items regarding their SE.

Once the ESM survey responses were collected, we observed each student’s ESM survey
responses by plotting their task-specific SE scores (Phase 2) and looking for noticeable increases
or decreases in their scores over the course of the day. These fluctuations allowed us to identify
moments where the student experienced a change in their SE related to specific moments in their
day. The goal of this is to observe patterns that can identify key trends in their SE that guide the
creation of an individualized daily journal prompt. The implementation of Phase 2 changed over

two iterations of data collection and will be explained in further detail in Section 5.3.2.
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Following the completion of the four in-the-moment ESM surveys and the researcher’s observa-
tions of the survey responses, we crafted individualized daily journal prompts for each participant
(Phase 3). The daily journal prompts were written to probe into moments identified from the ESM
surveys and to solicit information about students’ SE in more detail. This qualitative data source
was intended to encourage the participants to reflect on their experiences from the day in relation

to their SE.

5.3.1.1 Phase 1: Quantitative Data Source - ESM

Generally, the ESM is a method to examine both the context and content of an individual’s lived
experienced by asking the participants to provide self-reports regarding their experiences at different
moments during their daily lives [80]. In applying the ESM, one can capture a participant’s episodic
representation of the context and factors influencing them rather than relying on their memories
after a longer time gap. As described above, we used open- and close-ended survey items as the
means to collect the quantitative data in our mixed methods research design.

The open-ended survey items were used to collect information about the students’ external
context during a particular moment. For example, we asked them “What is the main thing you
are doing?", "Where are you doing this activity?", and if this activity was for a course “What is
the name of the course?". The closed-ended survey items were used to collect information about
the internal content of their experience and were adopted items from other research studies that
probe into domain-specific SE [25, 49]. The task-specific SE items were shown to be valid and
reliable measures of task-specific SE within a high school context [25] while the course-level and
career-level SE items were shown to be valid and reliable within a physics context [49]. The full
ESM Survey is presented in Appendix A; however, for the purposes of this work, we will only be
using the open-ended survey items and the close-ended task-specific SE items, shown in Table 5.1.
5.3.1.2 Phase 3: Qualitative Data Source — Individualized Daily Journal Prompts

Individualized daily journal prompts are a method used to capture students’ daily experiences
while closing the gap between when specific events took place and when they were discussing

their SE in relation to those events [109, 110]. In pairing the daily journal prompts with the ESM
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surveys, our aim was to gain insights into why students’ SE is fluctuating across the day. There may
not always have been moments from the ESM survey to investigate, but in these cases, we chose to
provide students with generalized daily journal prompts to investigate their SE.

As a result daily journal prompts covered a wide range of ways in which we elicited more
details about the students’ daily experiences. For example, we wrote prompts to investigate further
information about a particular moment, to inquire about their SE in relation to a specific domain
(i.e., task, course, degree, career) and to explore explanations for an increase or decrease in
their SE scores that we observed from the ESM survey. In general, to write individualized daily
journal prompts, we leaned on the complex theoretical foundation of SE such that our prompts
probed various domains and the four sources of SE [18]. For example, if we observed a shift in
the ESM data where the student was working with others on physics homework, then we would
write prompts to investigate how these interactions, either through a vicarious learning or social

persuasion experience, influenced their belief in their ability to do their physics homework.

5.3.2 Phase 2: An Added Point of Integration

We employed our mixed methods research design across two iterations, Fall 2020 and Fall
2021. Across these two iterations, we modified Phase 2 in our overall design, specifically how the
observations from the ESM survey responses were used to write the individualized daily journal

prompt. As shown in Figure 5.2, we solely used the closed-ended task-specific SE scores for

Survey Block \ ESM Questions

(Q1) What is the main thing you are doing right now?

(Q2) Where are you doing this activity?

(Q3) How skilled are you in the activity?

(Q4) Do you feel in control of the situation?

(Q5) Are you succeeding at what you are doing?

(Q6) Is the activity you are doing for a course you are currently
enrolled in? (Yes, No)

(Q7) What is the name of the course? Please write the course
label and number (e.g. PHY 123) in answering this question.

Open-Ended Task

Closed-Ended
Task-Specific Self-Efficacy

Open-Ended Course

Table 5.1 Task-Specific ESM Survey Questions: Q1 and Q2 are the open-ended task items, Q3,
Q4, and Q5 are the closed-ended task-specific SE items measured on a scale from 0 - 100, and Q6
and Q7 are the open-ended course items.
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Fall 2020 Fall 2021

Phase 1:
Quantitative Data
Source - ESM

Phase 1:
Quantitative Data

Source - ESM

Closed-Ended
Domain Specific SE
Items

Closed-Ended Open-Ended
Domain Specific SE Task & Course
Items Items

Additional Point of

Phase 2: Data Observations Phase 2: Data Observations Integration
Point of Integration Point of Integration
Observation from Observation from
Phase 1 into Phase 3 Phase 1 into Phase 3

Phase 3: Phase 3:

Qualitative Data
Source —DJP

Qualitative Data
Source — DIP

Figure 5.2 Mixed Methods Data Collection Procedure Across Fall 2020 and Fall 2021. The black
arrows indicate the flow of procedure (e.g., moving from Phase 1 to Phase 3). In both iterations,
Phase 1 of data collection involves gathering quantitative data through the ESM surveys. The next
phase, “Data Observations,” refers to the process by which researchers draw observations from
the ESM data to inform the writing of the daily journal prompts. The Fall 2020 iteration involved
only drawing observations from the ESM survey items, highlighted in the picture through showing
what data was collected and used in Phase 2. In contrast, in Fall 2021, researchers used both the
closed-ended and open-ended ESM survey item responses together to draw observations from the
ESM survey data, as highlighted in the diagram through showing both types of data collected and
used in Phase 2. The inclusion of open-ended items in Fall 2021, and the merging of these with
the closed-ended SE items, adds an additional point of integration, enriching the process of writing
the daily journal prompts by combining qualitative responses with the quantitative task-specific SE
data. The diagram does highlight a separate point of integration that is occurring overall which is
using the ESM data observations to inform the writing of the daily journal prompts, shown through
“Point of Integration Observation from Phase 1 into Phase 3.
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the observations that were made to inform the writing of the daily journal prompt in Fall 2020.
During this iteration, we assumed that these scores directly reflected students’ confidence in the
specific task they are performing at the exact moment they complete the survey but only wrote
individualized daily journal prompts around shifts that we observed in the plotting of the task-
specific SE responses. There was no specificity of the context in these individualized daily journal
prompts which was a limitation of this iteration of data collection.

Overall however, the intent of using the ESM is to investigate the context of students’ daily lived
experiences and we recognized that we were not leveraging the open-ended task items to ensure
the connection between the specific task reported and the task-specific SE responses. In Fall 2021,
the open-ended task survey responses were an added piece of the observation that was used to
inform the writing of the individualized daily journal prompt. For example, if a student reported
meeting with an academic advisor (a moment that we hypothesize would influence their SE), we
could explore this interaction through a contextualized daily journal prompt.

Through a nested and embedded case study design, we examine how this additional point of
integration influenced the evolution of our overall mixed methods approach—specifically, how it
supported the research team in identifying key analytic threads in students’ SE fluctuations and
informed the construction of individualized daily journal prompts (daily journal prompts) designed
to elicit meaningful reflections on students’ experiences. To do this, we compare how the ESM
data functioned across two iterations of data collection—Fall 2020 and Fall 2021—in order to
understand how the methodological evolution shaped the types of insights generated. To situate
this comparative analysis, we first provide an overview of each data collection period and outline

the structure of our research design in both iterations.

5.3.2.1 Fall 2020 Data Collection

In Fall 2020, data collection involved administering ESM surveys multiple times per day
alongside daily journal reflections. Students completed the ESM survey four times a day randomly
within four time windows between 9 AM and 6 PM. The ESM surveys measured domain-specific

SE (i.e., task-specific, course-level, and career-level), capturing students’ perceptions of their
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confidence in their abilities in the moment.

After 6 PM, individualized daily journal prompts were delivered to the students. The journal
prompts in this iteration were designed primarily based on students’ task-specific SE scores, if
there were any observable fluctuations in the students’ task-specific SE scores. This allowed us to
explore the fluctuations in their task-specific SE within their daily experiences. The prompts aimed

to elicit reflections that expanded on how or why students rated their task-specific SE in this way.

5.3.2.2 Fall 2021 Data Collection

The Fall 2021 data collection maintained the structure of ESM surveys and daily journal prompts
but introduced a key methodological refinement: the use of students’ own language from their open-
ended survey responses to examine the ESM task-specific SE scores and was used to shape the
journal prompts.

This added point of integration allowed for greater individualization of the journal prompts. In
Fall 2021, prompts were not only tailored based on SE scores but also crafted using students’ own
wording from their open-ended survey responses, making them more personally relevant. This
approach created a direct link between the survey and journal data. By incorporating students’
language, we bridged the gap between their real-time survey responses and their journal reflections.
For example, if a student reported working on a physics assignment in a survey, we would craft a
prompt specifically about their experience with that assignment, prompting them to reflect on their
SE related to that task. This connection encouraged students to elaborate on specific moments
they reported in their ESM surveys and explore how those moments influenced their confidence
in a particular context. This methodological evolution reflects our ongoing effort to strengthen
the alignment between ESM data and journal reflections, ultimately improving the mixed methods
approach to exploring SE in real time.

In Fall 2021, given our positionality as physicists, we recruited from the upper division physics
courses as we were interested in physics transfer experiences and to allow students who participated
in the Fall 2020 iteration to participate in the Fall 2021 iteration. In addition, to diversify the overall

experiences we can investigate with this mixed methods approach, we expanded our recruitment
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of participants to include students enrolled in other STEM courses. We received a list of STEM
courses within the institution that had high numbers of post-transfer students participating in them;
thus, identified the five courses with the largest post-transfer student attendance - introductory
statistics , introductory calculus , introductory chemistry , first organic chemistry within the organic
chemistry sequence, and introductory biology. From this list, we recruited from the introductory
chemistry course anticipating an overlap with the students in the biology and calculus courses; the
organic chemistry course and statistics course may have reduced the kinds of majors that could
participate in the study so we did not focus our efforts there.

From these courses, we asked faculty to email, on our behalf, the research opportunity to their
students. Interested students were invited to complete a recruitment survey, sent out as part of this
email. The recruitment survey included items that asked for their transfer information (e.g. how
many credits they had transferred, where they had transferred from), first-generation status (i.e.,
the education levels of their parents and if they identified as a first-generation), major/minors, class
standing, and the STEM courses they were taking. Demographics (e.g. gender, race, disability and
others) were not collected during recruitment stage of the study.

Approximately 255 students completed the recruitment survey by the deadline. We invited
30 students to participate, prioritizing transfer and/or first-generation college students who were
STEM majors, starting with physics students, supporting the design with investigating degree-
level SE through including students from different majors. The first 20 were selected based on
their minors and courses to ensure diverse STEM experiences. For example, students minoring
in languages (e.g., Spanish, Chinese) or in STEM fields like data science or computer science
were favored for diversity and breadth of coursework. We also considered students involved
in programs supporting transfer, first-generation, or marginalized communities, as these could
influence their STEM SE experiences. For the final 10, we prioritized program involvement,
transfer/first-generation status, and STEM major/minors. Programs were considered to enhance
sample diversity, influence students’ SE, and avoid selecting students with similar demographics.

Of the 30 students, 24 transferred credits from another institution, including community colleges,
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two-year, or four-year colleges. The remaining 6 did not transfer any credits. Sixteen students
identified as first-generation college students, though some considered themselves first-generation
if their parents had some college experience but didn’t graduate. Two students were uncertain, and
12 did not identify as first-generation.

The 30 students were first asked to completed the pre-sign-up survey, which explained the study,
obtained consent, and provided instructions for signing up for the Expiwell smartphone application.
After creating Expiwell accounts, students completed the initial sign-up survey, which included
degree and career-level SE data. Of the 30 invited students, 18 completed the initial sign-up
survey and continued into the primary data collection. Of these, 15 students transferred credits and
11 identified as first-generation. Table 5.2 shows the majors and minors of the 18 students who
participated in the study. Among the 18 students, one student was a double major, and 11 were
pursuing minors, with some minoring in two disciplines. Three students had non-STEM minors,

including two in language fields.

Name of Majors and Minors | Number of Majors | Number of Minors
Physics 6 0
Astrophysics 2 0
Chemistry 0 1
Mathematics 0 2
Biology 5 0
Data Science 1 1
Computational 0 7
Modeling
Computer Science 0 1
Engineering 2 0
Neuroscience 2 0
Non-STEM Majors 0 3

Table 5.2 Shows the majors and minors of the 18 students who participated within the Fall 2021
study. For Biology, the institution offered distinct majors for different sub-disciplines of biology,
and we chose to represent all those distinct majors within "Biology" (i.e., Biology, Biochemistry,
and Molecular Biology, etc.) below. Similarly, the institution offered distinct majors for different
sub-disciplines of Engineering (i.e., electrical, civil, computer, etc.), and we chose to represent all
those distinct majors within "Engineering" below.

As an incentive, students received $50 per week of data collection. In Weeks 1 and 2, students
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earned the full incentive by completing 16 out of 20 Expiwell notifications (i.e., ESM surveys)
within 30 minutes of receiving the prompt. Some students communicated with the research team
via an additional OneNote page, given to them to report issues with the Expiwell app given this was
the first time we used this particular application or ask questions, that 30 minutes to respond to the
survey was difficult. To address these concerns, the incentive requirement was adjusted in Weeks
3 and 4: students needed to complete 15 out of 20 notifications and had 45 minutes to respond.
Notifications were sent from 9:00 AM to 6:00 PM. Two students continued to experience issues but
were eligible for incentives by reporting these problems. Students with limited participation (one

to two days) received a partial $20 incentive for the week.

5.4 Our Case Study Approach

In this study, we employ a case study approach as the analytic method to explore how the
integration of different types of data sources shape the development of individualized daily journal
prompts. This section starts by justifying the use of a case study by drawing on key principles
from the case study literature, explaining how the case study approach is appropriately suited to
our research questions. The next section then outlines the overall structure and rationale for our
specific case study approach (nested and embedded case study). The embedded units allow us to
compare how threads identified from the ESM data in Fall 2020 differ from those in Fall 2021. The
nested structure allows us to track how the changes in integration in the data collection across the
two iterations impacted what we observed from the data and how these were used to inform the

writing of the individualized daily journal prompts.

5.4.1 Justifying a Case Study Approach as an Analytic Method

We chose to use a case study approach as it offers a strong fit for our focus on examining a
bounded phenomenon—the evolution of the data collection process—across two iterations (Fall
2020 and Fall 2021) of employing a mixed methods approach. This approach supports our interest
in tracing how integration practices shaped the construction of our qualitative data collection tool.
This decision is supported by Yin (REF) and Stake (REF), who both emphasize the value of the

case study approach when the goal is to understand complex processes situated within real-world
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contexts.

Stake (REF) recognized the complexity involved in selecting a case study approach by offering
three broad categorizations: intrinsic, instrumental, and collective case studies. He emphasized
that many case studies do not fit neatly into a single category and proposed these types not as
rigid classifications, but as a way to help researchers consider the purpose behind choosing a case
study. This framing highlights that selecting a case study approach is as much about clarifying
the researcher’s intent as it is about the design itself. Together, our rationale and Stake’s typology
position the case study as both a flexible and purposeful approach to studying dynamic, real-world
phenomena.

Similarly, Yin (REF) argued that researchers should explicitly justify their use of a case study
approach as part of designing a strong and credible study. For Yin, articulating the rationale for
selecting a single or multiple case design is essential to the overall coherence and rigor of the
research. His work reinforces the idea that case study approaches are particularly valuable when
research questions are descriptive or explanatory in nature, or when the goal is to ’illuminate a
particular situation’.

Stake (1978) emphasized that case studies are particularly valuable when the goal is to come
to know the particular in a way that allows for recognition across other contexts. Rather than
producing generalizable findings in a traditional sense, case studies generate naturalistic general-
izations—insights that readers can relate to their own contexts through personal resonance and
contextual similarities. In this way, case studies invite readers to make meaning from the situated
knowledge they present.

In our work, the individualized daily journal prompts were written based on the kinds of
observations that could be drawn from the ESM survey responses. These observations were
constrained by what was visible in the data at each point in time. However, by examining what
kinds of information were used to craft these prompts—and how that information varied between
iterations—we surface the decisions and interpretations embedded in the data collection process

itself. This is particularly important in studying students’ social-emotional experiences, as it allows
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Figure 5.3 Visualizing Integration Across ESM Data Sources in Fall 2021. This Venn diagram
illustrates the additional point of integration introduced in Fall 2021 by establishing intentional
communication between three Experience Sampling Method (ESM) data sources: (1) open-ended
task survey responses, (2) closed-ended course survey responses, and (3) closed-ended task-specific
self-efficacy (SE) scores. Each data source is represented as a circle, and overlaps between them
indicate instances where these data strands were brought into communication during data collec-
tion. Stars within the overlaps represent specific integration points, with each symbol (e.g., #, @, )
denoting a distinct configuration of data sources in dialogue. The green star, with squiggly in the
middle, at the center marks the fullest integration, where all three sources communicate—allowing
us to explore how task-specific SE is situated within a particular course context and further elabo-
rated through student reflections. This integration point was not present in Fall 2020, where only
the closed-ended task-specific SE scores were considered in isolation. The figure thus highlights
the methodological shift made in Fall 2021 to embed integration as both a design and analytic
principle.

us to interrogate how methodological shifts influence what gets seen, captured, and ultimately
interpreted.

ADD TEXT ABOUT FIG 5.3 HERE!

The comparative nature of our study, tracing these shifts between Fall 2020 and Fall 2021, offers
insight into how evolving practices of integration contribute to the ways SE is studied in relation to

students’ everyday lives.
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5.4.2 Case Selection and Boundaries

The case selection for this study was informed by the work of Creswell (REF) and Merriam and
Tisdell (REF), who each describe principles for defining and selecting cases in qualitative research.
Creswell emphasizes the importance of establishing a clear rationale for case selection, while
Merriam and Tisdell highlight the necessity of bounding a case—by time, context, or activity—for
it to be analytically meaningful. These guidelines were critical in shaping the structure and focus
of our study.

In alignment with our research questions, the case for this study centers on the evolving data
collection process. Specifically, we examine how integration was introduced and operationalized

during two sequential iterations of data collection: Fall 2020 and Fall 2021.

* In the Fall 2020 iteration, only closed-ended ESM survey items were used to inform the

development of individualized daily journal prompts.

* In the Fall 2021 iteration, both open- and closed-ended qualitative ESM survey items were

utilized to guide the creation of these prompts.

These two iterations are nested within the overarching case which enables a temporal comparison
of how methodological decisions about integration unfolded across time, under consistent research
goals and within the same broader project.

While the nested design allows us to examine how the overall process shifted between iterations,
this study also employs an embedded case study approach to analyze more granular units within each
iteration. Specifically, within each iteration, we focus on the ESM data and the individualized daily
journal prompts as the embedded units of analysis. These embedded units allow us to investigate
how different sources and configurations of ESM data (also known as “threads") directly influence
the content and construction of the qualitative prompts.

By analyzing how observational and interpretive threads were identified from the ESM data
and, in turn, how these threads informed the design of the individualized daily journal prompts,

we are able to assess the methodological impact of data integration practices. This is critical
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because changes in how ESM data is analyzed during data collection have downstream effects: they
influence the observations identified, which in turn shape the journal prompts. Since these prompts
generate the qualitative data central to our mixed methods approach, any changes in their formation
directly impact the types of claims we can make—especially those related to students’ experiences

and the interpretive validity of the study.

5.4.3 Embedded Units of Analysis

The study is bounded by the selection of the embedded units—namely, the ESM data and
the individualized daily journal prompts. The selection process involved two interrelated stages:
(1) selecting the individualized daily journal prompts that were informed by the ESM data, and
(2) identifying the corresponding ESM data. I began with the selection of the daily journal
prompts, both because of the involved nature of determining which prompts to highlight from
the Fall 2021 iteration, and because I was methodologically interested in how the prompts were
crafted—particularly as this process reflects the integration of open- and closed-ended ESM data,
which is central to this study.

While the generation of ESM data is relatively transparent, a core contribution of this mixed
methods approach lies in how we intentionally designed individualized daily journal prompts by
drawing from these data. In Fall 2020, prompts were constructed using the closed-ended ESM
items alone, whereas in Fall 2021, we introduced an additional point of integration by linking
students’ closed-ended task-specific SE scores with their open-ended survey responses, shown in
Figure 5.3. This integrated interpretation then informed the writing of the individualized prompts.
As such, the prompt selection process reflects both an analytical and design-based integration of

methods. The following sections detail the selection process for each stage.

5.4.3.1 The Direct Connection to the ESM Data Source

I began by categorizing the daily journal prompts that were informed by the ESM data. My
participation in the Fall 2021 data collection process provided me with an in-depth understanding
of how the prompts were generated and therefore the familiarity with the specific language and

phrasing used when ESM data was used to inform a prompt. This language often included phrases
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that explicitly linked the survey data to the individualized daily journal prompts. Below are

examples from the Fall 2020 and Fall 2021 data collection, respectively.

Fall 2020

Today in the survey data you had a few “very confident” responses and then a few “not
confident” responses - can you tell us a little bit about what was different from those

early responses to the later ones? - Fall 2020 Daily Journal Prompt

The prompt above includes language that clearly indicates it was shaped by ESM data. For
example, it begins with the phrase “Today in the survey data...,” which explicitly signals the prompt’s
basis in the participant’s daily survey responses. In addition to this general reference to the survey
data, it also incorporates specific content from the participants’ ESM responses. For example, it
notes fluctuations between “very confident” and “not confident” responses, suggesting variability

in SE scores throughout the day.

Fall 2021

On Friday, we noticed that you spent most of the day doing [computational modeling
course label] homework. We noticed an upward trend in how skilled and successful

you felt when you were working on that homework.
e Can you take us back to Friday and discuss what was happening while you were
working on your [computational modeling course label] homework?

e How confident were you in doing this [computational modeling course label]

homework?

e How did that homework impact your confidence in your ability to succeed in your

[computational modeling course label] course?

- Fall 2021 Daily Journal Prompt
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This Fall 2021 daily journal prompt provides clear evidence that it was informed by participants’
ESM data. First, the opening sentence—*“On Friday, we noticed that you spent most of the day doing
[computational modeling course label] homework”—indicates that the prompt was generated based
on data about the participant’s activity patterns across ESM check-ins that day. This suggests that
survey responses likely included repeated mentions of working on a particular course’s homework,
which were then used to construct the prompt.

Second, the statement “We noticed an upward trend in how skilled and successful you felt when
you were working on that homework™ draws directly on ESM data, reflecting the task-specific SE
items collected throughout the day. The reference to an “upward trend” implies that the prompt
was not only using a single data point, but rather synthesizing across multiple ESM responses to
detect a pattern.

Finally, the follow-up questions are clearly shaped by that data-driven observation. They invite
the participant to elaborate on their experiences during the specific activity that was flagged in the
ESM data (doing homework), and ask them to reflect on their confidence both in that moment and
in the broader context of the course. Together, these elements show how the prompt was tightly
linked to ESM data, both in terms of timing (“On Friday”), content (working on a specific course’s
homework), and the domain-specific measures on the ESM survey (a perceived increase in skill

and success over time).

5.4.3.2 Selecting the Embedded Units

Fall 2020: Once the individualized daily journal prompts were categorized, the next step was to
select which ones to use for this case study. After reviewing the Fall 2020 data, it was determined
that only three of the daily journal prompts were informed by the ESM survey data. These three
prompts stood out due to their direct references to participants’ survey responses. These prompts
were selected for inclusion in the case study because they offered the clearest evidence of data-
informed journaling and provided insight into how real-time ESM data was integrated into daily
journal prompts. Because there were only three ESM-informed prompts, all were included in the

embedded case study. This approach allowed for a more comprehensive exploration of whether
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these prompts were examining different threads within the Fall 2020 data. By including all three,
the case study could more fully examine how participants’ SE experiences were explored, given
that only the closed-ended ESM responses was used to inform the writing of the individualized
daily journal prompts. This ensured a focused analysis of how the data collection process itself

shaped the prompts and the participants’ reflections.

Example 1: Today in the survey data you had a few “very confident” responses and then
a few “not confident” responses - can you tell us a little bit about what was different

from those early responses to the later ones? - Fall 2020 Daily Journal Prompt

Example 2: Today in the survey data it appears that you had a rough patch in your
day where you felt less in control and skilled than at other moments - can you recall
that moment today and tell us about what was happening? - Fall 2020 Daily Journal

Prompt

Example 3: By your last notification today in the app it was clear that something had
changed in your day. Can you tell us anything about what affected that change? - Fall

2020 Daily Journal Prompt

Fall 2021: While the Fall 2020 prompts were limited to those directly informed by fluctuations in
task-specific SE scores, the Fall 2021 dataset offered a wider range of prompts due to the expanded
use of the open-ended ESM data. As such, when selecting Fall 2021 prompts for comparison, our
objective was to capture this range of threads that were distinct from one another but still rooted in
the integration of the open- and closed-ended ESM survey data. By selecting prompts that highlight
a distinct thread from the ESM survey data to be followed up on in the daily prompt, we can better
understand how the changes in the data observation process, which drew on different sources of
ESM data during the data collections of Fall 2020 and Fall 2021, impacted the nature and focus of
the journal prompts.

The first selected the individualized daily journal prompt is provided below. This individualized

daily journal prompt was based on the integration of the open- and closed-ended ESM survey data
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(Green Star in Figure 5.3). This prompt not only addressed fluctuations in SE but also probed
into the student’s experience, making it a more representative example of how prompts can capture

in-the-moment changes in SE. We call this thread — Singular Task Across a Singular Day.

Daily Journal Prompt Embedded Unit #1:0n Friday, we noticed that you spent most
of the day doing [computational modeling course label] homework. We noticed an
upward trend in how skilled and successful you felt when you were working on that

homework.

e Can you take us back to Friday and discuss what was happening while you were

working on your [computational modeling course label] homework?

e How confident were you in doing this [computational modeling course label]

homework?

e How did that homework impact your confidence in your ability to succeed in your

[computational modeling course label] course?

The second individualized daily journal prompt is shown below. This prompt was selected
because it invites the student to reflect on their SE across multiple academic tasks experienced
throughout the day, all within the same course. Unlike prompts that explicitly ask students to
compare different tasks within the same course, this prompt provides a more open frame — giving
students the agency to identify distinctions between tasks and to articulate how those distinctions
shaped their sense of capability. In this way, the prompt allows students to surface and make

meaning of intra-course variation in SE on their own terms.

Daily Journal Prompt Embedded Unit #2: Yesterday it stood out to us that your
confidence in your abilities in [honors undergraduate research seminar course label]
was notably higher. Could you tell us what was happening yesterday? What were you

doing? Who were you working with? What impacted your sense of confidence? ]
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Lastly, the final thread from Fall 2021 involved fluctuations in students’ SE across multiple
courses (e.g. Fluctuations Across Multiple Courses). For this thread, the task-specific SE scores
fluctuated not within a single course or activity, but across different courses or tasks (e.g., in class
for one course, looking over notes for another course). This is where the task open-ended ESM
survey items course open-ended ESM survey items came into play together, allowing us to probe
not only the task-specific SE but also the broader context of the students’ experience across different
courses.

While the task open-ended ESM item was not necessarily focused on a specific activity repeated
over time (as in some of the other cases), the fluctuation in SE across multiple courses still reflected
a moment-by-moment shift in the student’s SE. In one particular unit, we chose to develop an
individualized daily journal prompt that considered how these multiple task SE fluctuations across
two distinct courses might influence a student’s overall academic experience. This represents an
important nuanced exploration of SE, using the integrated data sources to understand how different
tasks across various courses shape a student’s SE. This individualized daily journal prompt was the
only prompt with this thread, making it a natural choice for demonstrating how the mixed methods

approach was applied in practice. The prompt is shared below.

Daily Journal Prompt Embedded Unit #3: Over the last 3 days, your responses
in the app indicated you were working on both [Cell and Molecular Biology Course
Label] and [General Chemistry Course Label]. However, you indicated you were less
skilled and felt less successful on [Cell and Molecular Biology Course Label] than
[General Chemistry Course Label.] Can you tell us a little bit more about why you

feel differently in these two classes?

Thus, for the Fall 2021 iteration, we identified the embedded units based on whether the task and
course open-ended ESM survey items were integrated with the closed-ended ESM survey items;
specifically, the task-specific SE items. Once we established this level of integration occurred,

we then turned to selecting individualized daily journal prompts based on the thematic threads
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identified from these integrated data sources. This process for selecting the embedded units from
the Fall 2021 iteration allowed us to bring in the following threads: Singular Task Across a Single
Day, Multiple Tasks within the Same Course, Fluctuations Across Multiple Courses. By ensuring
that the prompts addressed distinct thematic threads, we have set up a nested and embedded case
study to explore the threads identified from the ESM data, and in turn, examine how these threads

were used to shape the nature of the individualized daily journal prompts.

5.4.4 Comparing Embedded Units

In the above sections, I have identified the individualized daily journal prompts from both
iterations that I selected for the embedded part of my case study approach. In this section, I
will describe how these prompts were paired in the two iterations to establish the embedded case
analysis. The prompts selected for comparison were not simply matched based on similar surface
topics (e.g., confidence or task engagement), but rather on their shared methodological function.
Specifically, I prioritized prompts that (1) were grounded in similar ESM observations, (2) invited
opportunity to discuss those observations, and (3) provided opportunities to reflect about how the
integration of different data sources informed the threads that were built.

For example, I intentionally paired one Fall 2020 prompt with one of the Fall 2021 prompts as

demonstrated below.

Fall 2020 Individualized Daily Journal Prompt: Today in the survey data it appears
that you had a rough patch in your day where you felt less in control and skilled
than at other moments - can you recall that moment today and tell us about what was

happening ?

Fall 2021 Individualized Daily Journal Prompt: Yesterday it stood out to us that your
confidence in your abilities in [honors undergraduate research seminar course label]
was notably higher. Could you tell us what was happening yesterday? What were you

doing? Who were you working with? What impacted your sense of confidence?
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These two prompts were paired because both explored a specific moment in the student’s day
that reflected a meaningful shift in task-specific SE—either an increase or a decrease. Both prompts
invited the participant to narrate what was happening in that moment, providing context for how
they interpreted the change. The Fall 2021 prompt, however, incorporated more scaffolding by
ending with a specific question—“What impacted your sense of confidence?”’—demonstrating the
increased intentionality in prompt construction based on integrated ESM data. In this way, the
pairing reflects how the same type of observational insight could lead to more refined and targeted
follow-up as the methodology evolved.

By structuring the comparisons in this way, the analysis makes visible how the threading
process became more intentional and how that intentionality shaped the individualized nature of
the prompts—allowing for a more nuanced exploration of students’ SE experiences. Table 5.3

shows the embedded units that will be discussed in the following results section.

Identifier Fall 2020 Daily Journal Prompt Fall 2021 Daily Journal Prompt
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Embedded Unit 1

Today in the survey data you had
a few “very confident” responses
and then a few “not confident” re-
sponses - can you tell us a little
bit about what was different from
those early responses to the later

ones? —Jane

On Friday, we noticed that you
spent most of the day doing [com-
putational modeling course label]
homework. We noticed an upward
trend in how skilled and success-
ful you felt when you were work-
ing on that homework. Can you
take us back to Friday and dis-
cuss what was happening while
you were working on your [com-
putational modeling course la-
bel] homework? How confident
were you in doing this [compu-
tational modeling course label]
homework? How did that home-
work impact your confidence in
your ability to succeed in your
[computational modeling course

label] course? —Robert
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Embedded Unit 2

Today in the survey data it appears
that you had a rough patch in your
day where you felt less in control
and skilled than at other moments
- can you recall that moment today
and tell us about what was happen-

ing? —James

Yesterday it stood out to us that
your confidence in your abilities
in [honors undergraduate research
seminar course label] was notably
higher. Could you tell us what was
happening yesterday? What were
you doing? Who were you work-
ing with? What impacted your

sense of confidence? —Ted Brown

Embedded Unit 3

By your last notification today in
the app it was clear that some-
thing had changed in your day. Can
you tell us anything about what af-

fected that change? —Lenny

Over the last 3 days, your responses
in the app indicated you were
working on both [Cell and Molec-
ular Biology Course Label] and
[General Chemistry Course La-
bel]. However, you indicated you
were less skilled and felt less suc-
cessful on [Cell and Molecular Bi-
ology Course Label] than [General
Chemistry Course Label.] Can
you tell us a little bit more about

why you feel differently in these

two classes? —Rose

Table 5.3 This table presents the embedded units selected for analysis, each consisting of one
individualized daily journal prompt. For example, Fall 2020 Embedded Unit 1 includes the prompt:
“Today in the survey data you had a few...” This comparison pairs Embedded Unit 1 from Fall

2020 with Embedded Unit 1 from Fall 2021.
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5.4.4.1 Relating the Framing of Methods and Results: Embedded Units and Student-
Centered Narratives

While the methodological comparisons in this study are organized around embedded units to
examine the evolution of the data collection process, the results themselves remain grounded in the
lived experiences of the student participants. Each embedded unit reflects not just a methodological
shift, but a moment in a student’s journey. As such, in the results section, I refer to students by
pseudonym where appropriate to preserve the narrative continuity of the data and to foreground the
student voices at the heart of this study.

This narrative decision is also embedded in the logic of the study’s design. The ESM data
and individualized daily journal prompts are inherently tied to each student, with their responses
forming the basis for identifying threads and guiding data integration. Because both forms of data
originate from the same participant—who, in effect, serves as the point of integration between the
ESM surveys and the individualized daily journal prompts—and because the data are intentionally
linked in both collection and analysis, it is both methodologically sound and ethically appropriate to
maintain the student connection in how the data is presented. Thus, the analysis itself is intentionally
narrated with respect to the students whose data shaped those prompts. This approach provides both

methodological clarity and an ethically grounded representation of the voice of the participants.
5.5 Threads of Inquiry Influence the Writing of the Daily Journal Prompts

5.5.1 Examining the ESM Survey Data: Following Threads

In this section, we describe the process of identifying key threads from ESM data, which can
be used to inform the writing of individualized daily journal prompts. We will explore how the
types of threads we can follow differ when analyzing only the closed-ended ESM data versus when
both open- and closed-ended ESM data are available. Specifically, we will compare three sets of
embedded units: (1) Embedded Unit 1 from Fall 2020 (Jane’s ESM Data) compared to Embedded
Unit 1 from Fall 2021 (Robert’s ESM Data), (2) Embedded Unit 2 from Fall 2020 (James’s ESM
Data) Compared to Embedded Unit 2 from Fall 2021 (Ted Brown’s ESM Data), and (3) Embedded

Unit 3 from Fall 2020 (Lenny’s ESM Data) compared to Embedded Unit 3 from Fall 2021 (Rose’s
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ESM Data). This comparison will highlight how the range of threads available for investigation
expands when we incorporate both data types from the ESM survey. From this analysis, I will show

the following:

1. When we examine the closed-ended ESM data, we are limited in the kind of threads we can
follow from the ESM survey data. We can only explore changes in the task-specific SE scores

(e.g., fill in with example here).

2. When we examine the open- and closed-ended ESM data, we can explore a broader range of
threads to be able to inform the writing of the daily journal prompts. Thus, the integration of
the open- and closed-ended ESM data sources enables a deeper and more nuanced exploration

of the students’ SE and the contexts influencing it.

In turn, we can use this information to craft more targeted and relevant daily journal prompts to

guide students in reflecting on the factors influencing their SE.

5.5.1.1 Embedded Unit 1 Comparison — The “Singular Task Across a Single Day'' Thread
Jane from Fall 2020: On Day 1 of Week 2 data collection, Jane completed the survey four
times; her task-specific SE responses are plotted in Figure 5.4. In examining Jane’s Task-Specific
SE Scores from Week 2, the research team observed her data shift from being in the 80s (more
confident in Notifications 1 and 2) to the 20s (less confident in Notifications 3 and 4). Thus, the
overall thread the team followed up on using a daily journal prompt was this decrease in Jane’s
task-specific SE scores across two moments throughout one day of data collection.
Robert from Fall 2021: In Fall 2021, we observed there an increase in Robert’s task-specific SE
across Day 5 of Week 3 (shown in Figure 5.5). To investigate this variation in Robert’s SE in Fall
2021, we also examined his open-ended survey response to pinpoint if we wanted to investigate a
specific moment he reported or if we wanted to investigate the moments as a collective.

Table 5.4 shows Robert’s responses to the open-ended question, “What is the main thing you
are doing?”. In examining Robert’s responses to these questions, we observed he was working

on homework across the day. As such, using the responses to this open-ended survey question
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Figure 5.4 Jane’s Fall 2020 Week 2 Task-specific SE

supported us in being able to contextualize his fluctuation in his task-specific SE scores with a task
(i.e., homework).

While this provided some context to the fluctuation in his task-specific SE scores across the day,
there were many questions raised. Was Robert working on homework within a particular course
or homework across multiple courses? This sort of information changes the ways we interpret
Robert’s SE. For example, if Robert was working on one homework from a course, then a variation
in his task-specific SE scores would tell us that something happened across the day for Robert’s
task-specific SE to increase or decrease towards completing that homework for that course. If
Robert was working on multiple homeworks within a course, then this may tell us that Robert may
be more or less confident in his homework depending on the content. We could imagine this may
be the case if one homework is going over content he has learned before and thus is calling on
mastery experiences to become more confident in one homework versus the other.

To account for this, we turned to use the course open-ended question - “What is the name of

the course?”. Robert’s responses to this question are shown in Table 5.4. In this case, Robert’s
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Figure 5.5 Robert’s Fall 2021 Week 3 Task-specific SE

homework was associated with his computational modeling course across all three notifications
on Day 5. The course open-ended question proved useful to associate the notification or moment
he was reporting on with a specific course. As a result of using the course open-ended question
in addition to the task open-ended question, we knew Robert was working on homework for his
computational modeling course across the day. Next, we could pair these pieces of information
with the inference we made from examining Robert’s task-specific SE plot.

Meta-inferences: Robert’s SE appears to be increasing as he works on his computational modeling

Notification | Reported Task Reported Course
17 working on a [computational modeling | [computational modeling
course label] homework assignment course label]
19 Homework [computational modeling
course label]
20 Homework [computational modeling
course label]

Table 5.4 Robert’s reported tasks and courses associated with Notifications 17, 19, and 20. Notifi-
cation 18 is not shown here as he did not complete a survey.
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homework across the day. The meta-inference ties together multiple pieces of data — his task-specific
SE scores were increasing across the day, he reported working on homework (task), and he reported
this activity was for his computational modeling course (course) — to build a thread to follow up
within his daily journal prompt. The inference we drew from Jane’s data was, “A decrease in
task-specific SE from the first to the third and fourth notification,” only discusses her closed-ended
ESM survey data.

The meta-inference from Jane’s data does not hold any information in relation to the moment(s),
limiting the kind of information we can follow up on with the daily journal prompts. Robert’s case,
however, illustrates the added depth and context that qualitative data brings to the analysis. Thus,
when only examining the closed-ended ESM data, we can only examine fluctuations in one’s task-
specific SE scores, but when we integrate the open- and closed-ended ESM survey data, we can
contextualize the variation in one’s task-specific SE scores in relation to a specific moment or a

series of moments from the students’ day.

5.5.1.2 Embedded Unit 2 Comparison — The “Multiple Tasks within the Same Course"
Thread

James from Fall 2020: On Day 1 of the Week 2 data collection, James completed the survey
four times; his task-specific SE responses are plotted in Figure 5.6. In examining James’s Task-
Specific SE Scores from Week 2, the research team observed his data decrease across the day from
Notification 1 to Notification 3. Thus, the overall thread the team followed up on using a daily
journal prompt was this decrease in James’s task-specific SE scores across two moments throughout
one day of data collection.
Ted Brown from Fall 2021: In Fall 2021, there were many threads from analyzing Ted Brown’s
ESM survey data as shown in Figure 5.7; however, we focused on the fluctuation in task-specific
SE scores from Notification 3 to Notification 4. To contextualize this fluctuation, we turned to
examining Ted Brown’s qualitative ESM survey data.

As shown in Table 5.5, Ted Brown reported working on research projects during each notifica-

tion. To explore whether these projects were the same or related, we analyzed his course open-ended
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Figure 5.6 James Fall 2020 Week 2 Task-specific SE

survey responses. Notification 3 and 4 on Day 1 were associated with his [research course]. Thus,
using the open-ended survey responses allowed us to contextualize Ted Brown’s task-specific SE
scores with information about the task (research projects) and the course (research course).
Meta-inferences: Ted Brown’s SE appears to be increasing as he is working on research project(s)
for his [research course]. The meta-inference ties together multiple pieces of data — his task-specific
SE scores were increasing across the two notifications, he reported activities related to his research
project (task), and he reported these activities were for his [research course] — to build a thread to
follow up within his daily journal prompt. The inference we drew from James’s data, “A decrease
in his task-specific SE scores from Notification 1 to Notification 3,” only discusses his closed-ended
ESM survey data.

As such, the meta-inference from James’s case is less informative for crafting a journal prompt.
James’s case, examined using only close-ended data, demonstrates the constraints of focusing solely
on fluctuations in SE scores without contextualizing these scores, which may drive those changes.

In contrast, Ted Brown’s data, when examined holistically through the lens of both open- and
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Figure 5.7 Ted Brown Fall 2021 Week 4 Task-specific SE

close-ended ESM data, presented multiple possible threads. This case underscores the value of
understanding the multifaceted nature of SE — how fluctuations in SE might differ depending on
the activity (e.g., research project, quiz, different parts of a research project) the student engages
in and/or the course the activity is associated with. Thus, Ted Brown’s case illustrates the added

depth and context that qualitative data brings to the analysis of one’s SE.

Notification | Reported Task Reported Course
3 working on my research project [research course label]
4 putting my findings for this week for my | [research course label]
research project into a presentation

Table 5.5 Ted Brown’s reported tasks and courses associated with Notification 3 and 4.

5.5.1.3 Embedded Unit 3 Comparison — The ‘“Fluctuations Across Multiple Courses'' Thread
Lenny from Fall 2020: On Day 4 of Week 1, Lenny completed the survey multiple times throughout
the data collection; his task-specific SE responses are plotted in Figure 5.8. From examining

Lenny’s Task-Specific SE Scores from Week 1, we observed a dramatic increase between Day 3
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(Notifications 9 thru 12) and Day 4 (Notifications 13 thru 16). Thus, the overall thread the team
followed up on using a daily journal prompt was this increase in Lenny’s task-specific SE scores
across two days of data collection.

Lenny
Task-Specific Self-Efficacy Scores per Notification for Week 1
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Figure 5.8 Lenny Fall 2020 Week 1 Task-specific SE

Rose from Fall 2021: When examining Rose’s Task-Specific SE responses across Days 1, 2, and
3, we observe some fluctuations (shown in Figure 5.9. Specifically, Notification 6 on Day 2 shows
a potential decrease in her task-specific SE responses; quite different from the rest of her responses
thru Day 3 of data collection (Notifications 1 thru 12).

To further elaborate on this variation, we examined her open-ended survey responses to pinpoint
if we wanted to investigate a specific moment or a series of moments she had reported, or if we
wanted to investigate the moments as a collective. Table ?? shows Rose’s responses to the open-
ended question “What is the main thing you are doing?”” (some notifications were not included if
they were not related to academics). This revealed that she was working on task across various
courses: biology, chemistry, and math. Notably, at Notification 6 on Day 2, when the research team

observed a potential decrease in her SE, Rose reported working on a task for her biology course.
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Figure 5.9 Rose Fall 2021 Week 1 Task-specific SE

This contextual information, provided from the task open-ended survey responses, was crucial for
interpreting the variations in her task-specific SE scores as this tells us it may not be one particular
task but rather we may be observing changes in her task-specific SE scores based on course (i.e.,
Rose scores tasks in one course differently than tasks in another course). Without this context, the
team only know that her task-specific SE fluctuated but would not have information in relation to

those task-specific SE fluctuations.

Notification | Reported Task Reported Course
1 I’ve mainly been doing school work or | [biology course label]
working
6 In class for [biology course label] [biology course label]
7 Looking over notes for chem recitation [chemistry course label]
8 Walking to my chem recitation [chemistry course label]
10 Studying for my math quiz Friday [math course label]

Table 5.6 Rose’s reported tasks and courses associated with each notification for her Week 1, Day
1 through Day 3 of data collection. Only notifications related to academics are shown.

For example, at Notification 1 on Day 1, Rose simply reported, “I’ve mainly been doing school
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work or working,” which provided little insight into that specific task, demonstrating a potential
limitation with the task open-ended survey item. However, when the team cross-referenced this
with the course-related open-ended survey responses, it became clear that she was working on
tasks for her biology course. Thus, to fill in some context, we still need to consider the course
open-ended survey item. To fill in some context, we still need to consider the course open-ended
survey item. As such to further contextualize the moments reported on these surveys, the team
then examined the survey items asking whether this was course related, and if so, to ask them to
report which course the activity was related. Table 5.6 shows Rose’s response to this question. The
research team observed that for Notification 1 and 6, which may be potential decreases in Rose’s
task-specific SE, she was working on tasks associated with her biology course. Then, for two of
the notifications, Rose was working on tasks associated with her chemistry course; for one of the
notifications, Rose was working on a task associated with her math course. Overall. Rose reported
across multiple surveys that she was working on her biology and chemistry course across the last
three days. Thus, the course question helps us contextualize her responses further by situating their
scores and task information from the task open-ended survey item response within a particular
course. Next, we can pair these pieces of information with the inference we made from examining
Rose’s task-specific SE plot.
Meta-inferences: Rose was working on a variety of tasks associated with her biology course and
her chemistry course, and that her task-specific SE scores, regardless of the activity, were reportedly
lower for tasks associated with her biology course then her chemistry course. The meta-inference
ties together multiple pieces of data - her task-specific SE scores, her reported tasks, and her
reported courses - to build a thread to follow up within her daily journal prompt. The inference
we drew from Lenny’s data was “A increase in his task-specific SE scores across two days of data
collection" only discusses his closed-ended ESM survey data.

As such, through the lens of Rose’s data, when the team considered the open-ended ESM survey
data in addition to the close-ended ESM survey data, we were able to identify threads in which

the task-specific SE scores were contextualized. In Rose’s case, the team was able to examine
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for potential shifts in her task-specific SE scores across different courses. Thus, by integrating
the open-ended survey data (qualitative responses) and the closed-ended survey data (quantitative
responses), this allowed for the thread to move from observing fluctuations in scores (for example,
Lenny’s case) to describing the fluctuations in scores across different courses (for example, Rose’s

case).

5.5.1.4 Summarizing Threads of Inquiry for Daily Journal Prompts

Through the cross-case analysis presented above, we compared three sets of embedded units.
Across the Embedded Units 1-3 from the Fall 2020 data collection, the kind of threads we could
follow up on from the ESM survey data was limited because of only using the closed-ended ESM
data. Specifically, we could only explore fluctuations in the task-specific SE scores (e.g., A decrease
in Jane’s task-specific SE from the first to the third and fourth notification). However, the Fall 2021
cases demonstrate how integrating both open- and closed-ended ESM survey data allows us to
contextualize fluctuations in SE by linking them to specific tasks, courses, and/or situations. This
integration illustrates the added depth and context that qualitative ESM data brings to the analysis,
emphasizing the value of using a mixed methods approach.

Additionally, each Fall 2021 embedded unit highlighted different kinds of threads that could
be identified through this integration, a result of adding the point of integration (i.e., integrating
the open- and closed-ended ESM survey data). The varied nature of these threads is summarized

below:

1. Embedded Unit 1 from Fall 2021 (Singular Task Across a Single Day): Robert had a singular
task (homework assignment), and his fluctuation reflected how his SE fluctuated as he worked
through is homework across multiple moments in a singular day. This fluctuation provided
insight into how his SE was influenced by the task at different times, which we could explore

further with an individualized daily journal prompt.

2. Embedded Unit 2 from Fall 2021 (Multiple Tasks Within the Same Course): Ted Brown

had a project, and his fluctuation in SE reflected how his confidence changed across the
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activities related to his project within the same course. We can’t assume that “working on his
research project” and “preparing a presentation” are the same tasks. This case highlights the
importance of understanding the tasks within the same course may have different impacts on

SE, and we cannot assume that all project-related tasks are equivalent.

3. Embedded Unit 3 from Fall 2021 (Fluctuations Across Multiple Courses Over Time): In
Rose’s case, the fluctuation in her task-specific SE scores across multiple days were related
to her task-specific SE scores fluctuating across different courses, in which we would want
to examine these contexts further. Her data illustrated how SE can fluctuate depending on
the type of course, and how examining these fluctuations over time across different contexts

would require further exploration.

These different threads demonstrate that when we integrate the open- and closed-ended ESM
data, we are able to explore a broader range of threads that inform the writing of the daily journal
prompts. This broadening happens because integrating the data allows us to link fluctuations in task-
specific SE scores (closed-ended ESM data) to particular tasks, courses, or situations (qualitative
ESM data). As aresult, the integration of these data sources provides a more nuanced understanding
of students’ SE and the contexts that influence it, enabling the creation of more tailored and relevant

daily journal prompts to guide students in reflecting on the factors affecting their SE.

5.5.2 Impact of Data Integration on the Nature of the Daily Journal Prompts

Having identified the threads, built from integrating the open- and closed-ended ESM survey
data, we now turn to how these threads inform the creation of individualized daily journal prompts.
In the following section, we will demonstrate how the nature of the daily journal prompt changes
depending on whether the data used to construct it is purely quantitative (i.e., based on fluctuations
in task-specific SE scores) or integrates qualitative insights from students’ open-ended ESM survey
responses. By examining specific examples of individualized daily journal prompts (Embedded
Units 1-3 from Fall 2020 and Fall 2021) created for each student, we will show that the type of

thread found from data analysis directly informs the formulation of individualized daily journal
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prompts, with more detailed and context-specific prompts developed when both qualitative and
quantitative ESM data are integrated.

To illustrate this, we will present both the individualized daily journal prompts and the corre-
sponding student responses for all six of the selected embedded units. Including both the prompts
and the responses is important to demonstrating how integration of data types shapes not only the
construction of the prompts but also how students engage with them. By analyzing both the prompts
and the responses, we can show the impact of more personalized, context-sensitive prompts on stu-
dent reflection, highlighting how students connect fluctuations in their SE to the specific tasks,
events, and experiences they encountered.

We begin by showing the individualized daily journal prompts that were written based on the
different threads built. Through these examples, we will demonstrate that when only quantitative
ESM data is considered, the focus is on fluctuations in task-specific SE scores. Although these
fluctuations provide important information, they are de-contextualized from specific moments and
the tasks they refer to. However, when threads based on the integrated quantitative and qualitative
ESM survey data are used, the individualized daily journal prompts become more personalized
and context sensitive. These prompts explore the specific tasks, courses, and/or events tied to the
fluctuations in SE allowing for deeper student reflection.

Thus, when comparing the individualized daily journal prompts across the three sets of embed-
ded units (i.e., 1. Embedded Unit 1 from Fall 2020 (Jane’s data) and Embedded Unit 1 from Fall
2021 (Robert’s data), 2. Embedded Unit 2 from Fall 2020 (James’s data) and Embedded Unit 2
from Fall 2021 (Ted Brown’s data), and 3. Embedded Unit 3 from Fall 2020 (Lenny’s data) and Em-
bedded Unit 3 from (Rose’s data)), we will show that the quantitative-only prompt is more general,
asking about changes in SE scores without context. In contrast, the integrated prompt is richer and
more specific, asking students to connect their SE scores to the actual experiences that influenced
them. This occurs because the qualitative data provided the context that allowed the individualized
daily journal prompts to become a tool for guided self-reflection. Rather than simply asking about

shifts in scores, the integrated individualized daily journal prompts encourages students to reflect
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on the "why" or "how" behind these fluctuations, leveraging the value of an explanatory sequential
mixed methods approach.

By highlighting these differences, we will show that the data observation process which was
used to build threads, and then these threads influenced the written prompts. Specifically, the
integration of qualitative data leads to more personalized and context-rich prompts that guide
students in reflecting on their individual experiences. This approach fosters more meaningful daily
journal prompts, in turn, identifying specific factors that influence students’ SE.

The key takeaway here is that integrating quantitative and qualitative ESM data not only
broadens the range of threads that can be found in the ESM data observations but also shapes the
nature of individualized daily journal prompts. Using both quantitative and qualitative ESM data
sources, we move beyond simple numerical changes in SE to explore how these changes are linked
to specific tasks, events, and/or contexts. This shift results in more personalized journal prompts
that encourage students to reflect on the experiences that influence their SE, rather than just the

fluctuations themselves.

5.5.3 Comparing Embedded Unit 1 from Fall 2020 (Jane’s Data) to Fall 2021 (Robert’s Data)

Embedded Unit 1 from Fall 2020 (JANE’s data): Jane’s individualized daily journal prompt
was informed by the thread, drawn from her quantitative ESM survey, in which Jane’s task-specific
SE scores from Notification 1 and Notification 2 to Notification 3 and Notification 4 decreased.
As a result, her daily journal prompt, shown below, was written to elicit information about the

differences from the earlier to the later responses in relation to her SE.

Today in the survey data you had a few "very confident" responses and then a few "not
confident" responses - can you tell us a little bit about what was different from those
early responses to the later ones? - Jane’s Fall 2020, Week 2, Day 1 Daily Journal

Prompt

We can see here in the daily journal prompt that the writer (i.e., third author) used language

within the daily journal prompt to link the daily journal prompt to the ESM surveys. First, they
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started by using "Today in the survey data", which would tie this daily journal prompt to Jane’s
ESM survey responses from that day. Then to probe into the decrease within Jane’s task-specific SE
scores from Notification 1 and Notification 2 to Notification 3 and Notification 4, they described her
scores saying "you had a few "very confident" responses and then a few "not confident" responses
- can you tell us a little bit about what was different from those early responses to the later ones?"
This language focuses on the fluctuations within Jane’s scores throughout the day.

The advantages of the language used here are that we have clear language that ties the daily
journal prompt to the ESM data and we have language that indicates that we noticed a difference in
her scores. However, the limitation here is that language solely focuses on Jane’s scores, which is a
reflection that the thread being followed also is solely based on an observation drawn from Jane’s
task-specific SE scores. As a result, this prompt does not require Jane to discuss how particular
moments in her day are influencing her SE, which was one of the main aims in designing this
mixed-method approach. This becomes more evident when considering Jane’s response to this

daily journal prompt, provided below.

My physics 184 has a great help room and instructors and I really feel like I am learning
and mastering the class. My physics lab 1919 is really frustrating and there feels like
there is no where to get help or find out information or expectations it is just hard to
know what to learn or what to study. - Jane’s Fall 2020, Week 2, Day 1 Daily Journal

Prompt Response

Within Jane’s daily journal prompt response, she discussed the differences in her feelings about
these two courses and her overall experiences within the courses she was taking at the time. Jane
did not reflect about a moment or event from her day (that is, she did not reflect about the moments
she reported at any of the Notifications), and there was no language from Jane linking together her
daily journal prompt response and her numeric survey responses. The only language that linked the
numeric survey responses and the daily journal prompt was the way the team had formulated her

daily journal prompt. Thus, while the methodology was able to pick up a snapshot of her feelings
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and overall experiences within the courses she was taking that semester, providing SE information
about her course level SE across these two courses, SE information about how the specific evidence
or event within one of these courses from her day was missing. Although the ESM quantitative
survey responses capture the task-specific nature of Jane’s SE, the daily journal prompts were not
able to further explore those moments reported in the surveys, potentially as a result of not being
written with context that could have been provided through the task and course open-ended survey
responses.

Embedded Unit 1 from Fall 2021 (ROBERT’s Data): Through Robert’s daily journal prompt
and response, we will demonstrate how using the thread, capitalized on integrating the task-specific
SE scores and the task and course open-ended survey response, resulted in writing tailored, context-
specific journal prompts and a deeper exploration of his SE. From Section A. Examining the ESM
Survey Data: Following Threads, we reintroduce the thread that was built from Robert’s integrated

quantitative and qualitative ESM data, shown below.

Robert’s task-specific SE appears to be increasing as he works on his computational
modeling homework across the day. - Thread Identified By Researchers from

Robert’s Fall 2021, Week X, Day Y ESM Data

Using this thread, the research team would have written the following daily journal prompt to

further investigate this observation.

On Friday, we noticed that you spent most of the day doing [computational modeling
course label] homework. We noticed an upward trend in how skilled and successful

you felt when you were working on that homework.

1. Can you take us back to Friday and discuss what was happening while you were

working on your [computational modeling course label] homework?

2. How confident were you in doing this [computational modeling course label]

homework?
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3. How did that homework impact your confident in your ability to succeed in your

[computational modeling course label] course?

- Robert’s Fall 2021, Week X, Day Y Daily Journal Prompt

In examining this daily journal prompt, the researchers drew on the ESM data in several ways
as a result of using a thread that combined the quantitative and qualitative ESM survey data. By
using the language, "we noticed an upward trend in how skilled and successful you felt when
you were working that homework", which addressed the thread, in which we recognized that he
reported increases in his task-specific SE scores (i.e., skill and success being two of the items
representing task-specific SE) as he was working on his homework. This prompt could be written
about the computational modeling homework across the day because we utilized the task and course
open-ended ESM survey items to contextualize his task-specific SE scores.

Then, because we are using the task and course open-ended items which support us as researchers
in understanding what he is doing in the moment when he completed each of the surveys on Friday,
we had the opportunity to write different kinds of questions investigating the role of that homework
in impacting Robert’s SE. The first question is prompting Robert to share what was happening in
the moments he was working on his homework. Then we wrote two different questions prompting
Robert to discuss his SE towards the homework, and then to discuss how this particular task
impacted his course-level SE for that class. Through questions like these, we can probe into the
difference between his SE towards the task versus the course, and how they relate to one another
potentially. Thus, by integrating this ESM data, researchers can (1) craft personalized journal
prompts that encourage students to reflect on the specific moments and events that shaped their
SE (i.e., attending office hours helped him recover his confidence in doing this homework) and (2)
journal prompts can be tailored to investigate specific aspects of SE (task-specific, course-level, or
the relationship between them) providing more granular insights, which can be seen in his response

to the daily journal prompt below.

There was a problem on the homework I was having a hard time finding a solution
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to, I swore I was doing everything right, but no matter what I couldn’t get the result 1
expected. Turns out I wasn’t doing everything right and all I needed was a 2 minute
explanation form the help room to get me back on track and I believe after the help 1
was feeling more successful because before that I was unable to move on until I found

the solution to that problem since I hate leaving stuff blank/incomplete.

Once I found the solution to the problem I was stuck on I was feeling a lot more confident
in my abilities to do the homework since all the problems were easy in comparison to

the one I had just spent many hours dwelling on.

I feel the assignment has made me a little less confident in my ability to succeed as
most of the content of the homework seemed new to me (since learning the content
in the class has been difficulty, I think [computational modeling course label] is best
taught in an online format, but I also understand that for other students the in person
has been easier) and that has made me a little bit afraid of how I’ll do on the final. -

Robert’s Fall 2021, Week X, Day Y Daily Journal Prompt Response

Robert was able to share about his experience in working on this homework across the day as
seen in the first part of his response, where talks about having a hard time finding a solution to a
homework problem. As such, Robert discusses the use of officer hours, illustrating how seeking
help can support his SE towards doing the homework, specifically, when a problem is threatening
his SE towards this homework. Without integrating the task and course open-ended items from
the ESM survey, researchers might miss identifying the thread that led to writing this daily journal
prompt. The thread enables the fluctuations captured in the quantitative ESM data to be situated
within the context of specific tasks, courses, or events from the students’ days; in turn, leads to
individualized daily journal prompts that prompt students to reflect on specific events that contribute
to these shifts in SE. In this case, Robert’s daily journal prompt and response demonstrates how
with the additional point of integration (i.e., using the qualitative ESM survey responses) supports

investigating the detailed sequence of events that shaped his task-specific SE scores across the day —
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how his SE towards his homework increased from one moment to the other moment after attending
officer hours.

In comparing Jane’s daily journal prompt and response and Robert’s daily journal prompt and
response, this comparison highlights the strengths and limitations of solely using the quantitative
ESM survey data versus integrating the quantitative and qualitative ESM survey data to explore
SE. In Jane’s case, the journal prompt, as a result of the thread, focused solely on the fluctuations
in her task-specific SE scores but was not able to bring in language to prompt her to reflect about
the specific experiences that might have caused those shifts. As a result, in her response, while we
learn valuable insights about her different experiences within her two physics courses and potential
sources influencing her SE, this general response does not necessarily support understanding the
fluctuations in her task-specific SE that we were interested in understanding.

However, in Robert’s case, the journal prompt, as a result of a thread developed from inte-
grating both task-specific SE scores and task and course open-ended survey responses, was able
to investigate his task-specific SE scores in relation to the specific moments that he reported on
across his day in his surveys. Additionally, as a result of the thread we followed from his ESM
survey data, we could write daily journal prompts further diving into his experience on working
on his computational modeling course homework. These questions potentially did different work,
so his first question was asking for him to share about his experience of working on the homework
broadly, his second question was asking for him share his level of task-specific SE towards do-
ing this homework, and his third question was written to understand how a homework impacts his
course-level SE. Overall, Robert was encouraged to reflect on the specific moments that contributed
to his SE; specifically, exploring his task-specific SE, his course-level SE, and how they relate to
one another, providing richer insights into Robert’s overall SE and how his SE changes. Then,
in Robert’s response, he is able to share how a problem was threatening his SE and that office
hours supported in recovering from this threat to his SE towards the homework. Robert also shared
though that this homework did threaten his SE towards his final exam. Through the prompt and

his response, this highlights the complexity of one activity that may impact Robert’s SE; more
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importantly, demonstrates that to investigate the complexities of SE, we need daily journal prompts
that are written to investigate the role of activities and events in shaping students’ SE. Thus, by
comparing these two cases, we see that an integrated analytical approach of linking his quantitative
and qualitative ESM data to identify a thread to follow up on within the daily journal prompts can
lead to a deeper understanding of SE — beyond simply tracking changes in scores to investigating

the context and experiences that shape those changes.

5.5.4 Comparing Embedded Unit 2 from Fall 2020 (James’s Data) to Fall 2021 (Ted Brown’s
Data)

Embedded Unit 2 from Fall 2020 (JAMES’s Data): In Sub-Section 5.5.1, we discussed how we
analyzed James’s task-specific SE scores for fluctuations; hence, identified a thread from this data
to inform the writing of the daily journal prompts. Below is the thread drawn from James’s ESM

quantitative data that we aimed to investigate further through the journal prompt.

James’s task-specific SE scores begin decreasing across the day from Notification 1
to Notification 3. Notification 3 may be a potential dip. - Thread Identified By
Researchers from James’s Fall 2020, Week 2, Day 1 ESM Data

As a result of this thread, the research team would have written the following daily journal
prompt. The aim of this prompt would have been to elicit a description from James about his

experiences that would lead to a decrease in his task-specific SE scores.

Today in the survey data it appears that you had a rough patch in your day where
you felt less in control and skilled than at other moments - can you recall that moment
today and tell us about what was happening? - James’s Fall 2020, Week 2, Day 1

Daily Journal Prompt

In the daily journal prompt, the writer used language to tie the daily journal prompt to the ESM
survey responses. First, they started by using “Today in the survey data" indicating to James that
we were interested in further understanding his survey response from the day. Then, to investigate

the decrease in James’s task-specific SE scores, language was used to draw attention to the decrease
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- “had a rough patch in your day where you felt less in control and skilled than at other moments."
We asked him to share his experience in that moment by saying “‘can you recall that moment today
and tell us about what was happening?"

The advantage of the language used in this prompt is that it clearly connects the daily journal
prompt to the ESM survey data, highlighting the fluctuation in James’s SE scores. The prompt
indicated the change in his task-specific SE scores, which helps situate the investigation in a specific
context. However, the limitation here is that while the prompt draws on the overall ESM data (e.g.,
“Today in the survey data") and directly references the dip in James’s task-specific SE (e.g., “felt
less in control and skilled"), it does not specifically address the moment reported in Notification
3. As a result, there is a risk that James may not reflect on the exact moment he reported in the
survey at Notification 3. This is because the prompt does not explicitly reference that particular
instance, which is important because of the goal of this mixed-methods approach is to investigate
how specific moments influences SE. Without this contextualization, the prompt risks being too
general, making it more difficult to tie the journal response back to the precise moment in the ESM
data we are interested in investigating. Bringing in James’s prompt response without other data
provides evidence that tying the ESM survey data with the daily journal prompt and response can

be challenging without the support of the open-ended survey responses.

I was trying to learn how to do the problems in differential equations section 6.1. At
the time I kept getting the wrong answer on the first problems of the homework set and
I was getting frustrated. - James’s Fall 2020, Week 2, Day 1 Daily Journal Prompt

Response

In reading James’s daily journal prompt response, he reflected on a specific moment from his
day: "I was trying to learn how to do the problems in differential equations section 6.1. At the time,
I kept getting the wrong answer...". He also uses language - "I kept getting the wrong answer...and [
was getting frustrated" - supporting the idea of a low moment in his task-specific SE. However, it is

difficult to directly connect this response to his low task-specific SE scores reported at Notification
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Notification Number Reported Task

1 making food

2 I’m in [math class] lecture taking notes

3 solving differential equations with a 2x2 matri-
ces

4 solving differential equations with diagonaliz-

able matrices, using real and unreal eigenvalues

Table 5.7 James’s reported task associated with each notification for his Week 2, Day 1 data
collection.

3 without more context from James. For instance, we cannot be certain that the moment James
describes in his journal response is the same moment he reported on at Notification 3. Without
this confirmation, we cannot definitely link the response to the specific fluctuation in his SE scores.
To establish a stronger connection, we would need to cross-check his journal response and ESM
survey response with the open-ended ESM survey responses he provided at Notification 3. This
would help confirm the relationship between the two and ensure the trustworthiness of the linkage
between the journal prompt and the ESM survey data, but this is being done in a post hoc analysis
situation rather than during the data collection to inform the writing of the daily journal prompt
itself. To show this, Table 5.7 shows his responses to the open-ended ESM task survey responses
on Week 2, Day 1.

In Notification 3, James reported working on "solving differential equations with a 2x2 matri-
ces," which aligns with the moment described in his journal response. This supports the trustwor-
thiness of the connection between the ESM survey data and the daily journal prompt and response.
However, had we integrated both the quantitative and qualitative ESM survey responses earlier in
our analysis, rather than conducting post hoc analysis, we could have more effectively explored the
complexities of James’s SE in relation to his differential equations homework. For example, we
could have examined what factors were influencing his confidence in solving homework problems
and how his SE in homework affected his overall confidence in the course. By introducing the spe-
cific activity James reported in Notification 3 into the journal prompt, we could have more directly
linked the daily journal prompt to the precise moment in these ESM survey data, allowing a deeper

exploration of his experience. This approach could also have opened up additional questions, such
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as those related to the differences between various types of math courses or his previous experience
with math content.

James’s case highlights that while using the ESM quantitative survey data to write the individ-
ualized prompts may support investigating a moment more holistically, this does not guarantee that
we can integrate the ESM quantitative survey data with the individualized daily journal prompts
to holistically explore how moments are shaping students’ SE. Further, without providing more
details around the moment in which we aim to explore, we can only ask James to provide us with
more information about what was happening in the moment, limiting our ability to investigate the
complexities of one’s SE. For example, this could have resulted in James only focusing on recalling
the moment and what was happening, but may not have resulted in James discussing his SE in
relation to this moment. Overall, while the quantitative survey data from the ESM can be used to
identify possible high or low moments of SE, we are limited in investigating the moment without
the open-ended ESM survey items, which support the exploration of the complexities of SE in
relation to that moment.

Embedded Unit 2 from Fall 2021 (TED BROWN’s Data): In Sub-Section 5.5.1: Following
Threads, we discussed how we integrated Ted Brown’s task-specific SE scores with the task and
course open-ended ESM survey responses to build a thread to inform the writing of his daily journal

prompt. In the following, we restate that thread.

Ted Brown’s SE appears to be increasing as he is working on research project(s) for
his [honors undergraduate research seminar course label] course based on the two
different snapshots of his task-specific SE related to doing activities for this course.
- Thread Identified By Researchers from Ted Brown’s Fall 2021, Week 4, Day 1
ESM Data

Drawing on this thread, which integrated both quantitative task-specific SE scores and qualitative
open-ended ESM survey responses, the research team crafted the following daily journal prompt for

Ted Brown. The aim was to confirm the observed increase in his SE and to gain deeper insight into
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the factors that contribute to this increase, providing a richer understanding of his SE dynamics.

Yesterday it stood out to us that your confidence in your abilities in [honors under-
graduate research seminar course label] was notably higher. Could you tell us what
was happening yesterday? What were you doing? Who were you working with? What
impacted your sense of confidence? - Ted Brown’s Fall 2021, Week 4, Day 2 Daily

Journal Prompt

In examining the individualized daily journal prompt written for Ted Brown, the researchers
drew on the ESM data in several ways as a result of using a thread that combined the quantitative
and qualitative ESM survey data. Here, the researchers contextualized the increase in scores by
only including the information from the course question - "...your confidence in your abilities in
[honors undergraduate research seminar course label] was notably higher". This addressed the
thread in which we recognized that his task-specific SE scores increased from one moment to the
next moment in the day, and while both moments were about activities in the same course, Ted
Brown did not provide enough information for us to know if the tasks themselves were the same,
related, or completely different. This led us to not contextualize the prompt with task information.
However, a limitation of this approach is the lack of task-specific detail - while we wrote a prompt
that tied the increase in his SE to the course level, we did not write a prompt that further explored
his task responses to the ESM survey data at those two points in time. This ambiguity reduces the
grainularity of the prompt and potentially limits our ability to fully understand how specific tasks
influenced his SE.

We did not discuss the research project specifically within this daily journal prompt. In part,
this could have been due to one of his task open-ended responses only telling us that he was working
on his research project for his [honors undergraduate research seminar course]. Even though Ted’s
open-ended response at Notification 3 tells us he was working on the research for his honors course,
this amount of detail does not support understanding the specific tasks or context surrounding the

work at this moment. This left room for ambiguity regarding the nature of the work on the project
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he was doing (e.g., analyzing data versus building the presentation) or anyone he was working
with, which are all factors that may influence Ted’s SE. However, this ambiguity also highlights
an important aspect of our methodology: it underscores the need for careful prompt design. By
integrating both quantitative and qualitative survey data, we can tailor daily journal prompts to
specifically probe these uncertainties, asking for more detail about the task or course context to
better understand the factors influencing SE. This flexibility in our approach allows us to bridge
these gaps and delve deeper into the complexities of SE. In this case, using the thread, we wrote
a prompt for Ted that gave him the freedom to discuss the tasks in relation to this course and his
increase in SE.

At the same time, there is an advantage in not directly drawing on language of the tasks Ted
reported in Notification 3 and 4. While he may not provide additional information about those
moments, the daily journal prompt provided enough contextual detail to prompt Ted to discuss his
SE situated within the [honors undergraduate research seminar course] experience on Day 1. This
also allowed him the agency to describe what specifically contributed to the increase in his SE.
By writing the daily journal prompt in this way, we avoided leading Ted to attribute his increased
SE to the research project itself or those particular tasks from Notification 3 and 4, thus reducing
the potential for researcher bias in framing the prompt (e.g., assuming that working on the project
directly impacted his SE.

Moreover, because Ted was working on the project that day, we anticipated that he would
naturally share how the project influenced his SE, even without a direct prompt to do so. This
approach assumes that Ted’s response would naturally draw upon the relevant aspects of his
experience, which might not be as explicitly captured if we had directly asked about the project.
Additionally, given that data collection occurs across multiple days, we can always follow up with
Ted on subsequent days to probe further into both his ESM data and his previous daily journal
prompt responses, allowing us gather richer context over time or even write another daily journal

prompt to further probe into his experience around these tasks and this course again.

What made my confidence get much higher in that course was a combination of two
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things. One of them was that for an assignment that I was given for the research project
I went above and beyond of what was asked of me and did more than just look at some
of the data that I was given but I made a full PowerPoint presentation about my analysis
and conclusion off of this. The second point that gained me confidence from this was
that my research mentor was very impressed and made a point to compliment many
specific details about both me even putting together a presentation and also how I set

it up overall. This all made me gain a lot of confidence in myself and in my work. -

Ted Brown’s Fall 2021, Week 4, Day 2 Daily Journal Prompt Response

Ted Brown confirmed that his SE in the course had increased by stating “What made my confi-
dence get much higher in that course was a combination of two things.” One of these experiences
involved going “above and beyond” by building a full PowerPoint presentation to present his anal-
ysis and conclusions, rather than simply reviewing data. Ted reported on building this presentation
one of the survey responses; specifically, shared this information in the task open-ended ESM
survey question. His daily journal prompt response supports why building the presentation may be
a moment of high task-specific SE in his day or at the very least important to his SE. The second
experience that contributed to Ted’s increased confidence was receiving positive feedback from
his research mentor about the presentation and its setup; unfortunately, this experience was not
captured by the ESM data collection. Most likely because he was not given the survey at the time
he was meeting with his advisor or directly after that meeting.

This example demonstrates that while having contextualized threads from integrating the quan-
titative and qualitative ESM survey data supports writing contextualized daily journal prompts,
prompts that only include course information and score information result in different advantages
and limitations. An advantage of this prompt is that Ted Brown shared multiple experiences, one
mastery experience and one social persuasion experience, that influenced his SE within the course
still. Another advantage of this kind of thread is that Ted was able to share an experience with a
research mentor, even though this was not captured in his ESM survey data, demonstrating that

an overall advantage of the daily journal prompts is being able to learn about other experiences
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that may influence students’ SE. There is value in having Ted share this experience, regardless of
whether it is captured in the ESM data, because this experience provides us with information about
how Ted’s SE is shaped as well as allowing Ted to report on experiences closer to when those
experiences occurred still. The limitation of capturing this experience like this in the daily journal
prompt but not in the ESM survey data is that we can’t use this to understand Ted’s scores.

In the next couple of paragraphs, I will explore the limitation associated with not being able to
interpret Ted’s scores through the use of the daily journal prompt and response, and discuss how
the integration of quantitative and qualitative ESM data demonstrates that 1) qualitative data alone
is insufficient, 2) tailored, context-specific journal prompts are essential, 3) integration provides
richer insights, and 4) SE is complex, requiring integrated approaches to capture its full complexity.
Additionally, I will show that threads can also be identified from the daily journal prompt response,
and then be used to write new daily journal prompts.

Based on Ted’s daily journal prompt response, we identified two key experiences - one mastery
experience (i.e., going above and beyond by building the presentation) and one social persuasion
experience (i.e., feedback from the research mentor) - that influenced his SE. These experiences
served as the foundation for two key threads that we sought to explore further. First, we were
interested in understanding how Ted weighted these experiences in shaping his SE, and what
informed his evaluation of their relative importance. This was also driven in part by knowing
that men tend to place more emphasis on mastery experiences then social persuasion experiences
(CITE). Second, we aimed to follow the thread of his research mentor’s feedback to gain deeper
insight into how specific comments or social persuasion influenced Ted’s SE. Following up on
these threads, identified from the previous daily journal prompt, resulted in this individualized

daily journal prompt for Ted Brown:

Yesterday, you told us about your two experiences in your [honors undergraduate re-
search seminar course label] (going above and beyond what was asked of you and your
interaction with your research mentor) that increased your confidence in your [honors

undergraduate research seminar course label] course.
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When thinking about these two experiences, how would you rank which one had more of
an impact on your confidence in your [honors undergradaute research seminar course

label] course?

Yesterday, you also told us that your research mentor complimented many specific
details of the presentation and your overall setup. Was there a specific compliment or
comment from your research mentor that impacted your confidence? - Ted Brown’s

Fall 2021, Week 4, Day 3 Daily Journal Prompt

This follow-up daily journal prompt is an important tool for investigating Ted’s SE because
it builds directly on the experiences identified in the initial ESM data and daily journal prompt
response. Ted’s integrated ESM data, which showed an increase in his task-specific SE scores across
two distinct activities related to his honors undergraduate research seminar course, provides the
foundational thread that led to the formulation of the follow-up prompt. The Fall 2021 integration
of quantitative ESM scores with qualitative ESM open-ended survey responses allows for a more
nuanced exploration of the why and how behind Ted’s SE fluctuations. While the daily journal
prompts alone can provide deep insights into the experiences that influence SE (that is, in Fall 2020
we still could have written follow-up daily journal prompts from previous daily journal prompts and
response without the ESM data), the integration of the quantitative ESM scores with the qualitative
ESM open-ended survey responses allows for a more nuanced exploration of how and why SE
changes occur. In particular, the follow-up daily journal prompt enables us to probe deeper in the
relative impact of mastery experiences versus social persuasion on Ted’s SE, something that is
enhanced by the added temporal context and trend information provided by the quantitative data.

This becomes more evident when considering Ted’s responses to this daily journal prompt:

I would say the positive interaction with my mentor had a more significant impact on

my confidence, but both of these things complimented each other well. Where because
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1 felt proud of my work, I was very happy that someone else agree[d], and because

[some Jelse complimented my work it made me more proud of it.

One specific comment that she made was that putting all my results into a clean
PowerPoint was the absolute correct to do for any project like this and that she was
especially impressed that I had put all my conclusions clearly as well. These compli-
ments greatly reinforced my confidence in that my judgment and work in the course is

good. - Ted Brown’s Fall 2021 Week 4, Day 3 Daily Journal Prompt Response

From Ted’s response shown above, we gain a more nuanced understanding of how he values
the two experiences that contributed to his increased SE within the course. Ted reports that the
positive interaction with his mentor had a more significant impact on his confidence, although he
acknowledges that both the mastery experience and social persuasion experience worked in tandem
to bolster his SE towards the course. His reflection highlights that the mentor’s feedback not only
reinforced the pride he felt in his work but also amplified that feeling by validating his judgment.
This reinforces the idea that SE can be shaped by both mastery and social persuasion experiences,
and his response underscores the complementary role of mastery experiences and social persuasion
in building his SE, suggesting that an interaction of these factors, rather than a single experience,
plays a critical role in shaping his confidence.

However, this leads to some important questions about how we interpret task-specific SE scores
within the ESM surveys used in this study. Ted told us that both experiences contributed positively
to his SE, but how does this translate into his ESM scores? For instance, since the two experiences
happened in close succession, should we expect to see a consistent increase in his SE across his data?
Or, because the mentor’s feedback was perceived as more meaningful to him, would his SE score be
higher after this interaction, reflecting the greater weight he places on social persuasion in shaping
his confidence? Another consideration is whether Ted treats these experiences as independent,
rating them separately based on their individual impacts, and thus potentially giving a higher score

to the experience that had the most significant influence on his SE. This highlights that while the
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daily journal prompts and responses provide useful insight into Ted’s SE, the qualitative data alone
are not enough to fully capture the complexities of his SE.

This question points to a limitation in the design of this study: the ESM data and the journal
prompts do not always capture the same experiences. In this case, the interaction with Ted’s mentor,
which played a key role in his SE, was not directly recorded through the ESM task-specific SE
scores. Instead, the data only reflects his work on building his presentation. This discrepancy
highlights both an advantage and limitation in how different data sources (ESM and daily journal
prompts) may capture separate or the same moments of experience, and how these moments may
interact to shape students’ scores. Without capturing the mentor meeting directly in the ESM data,
we are left with an incomplete picture of how these experiences contribute to Ted’s SE.

Some of this disconnect may stem from the phrasing of the journal prompt itself, which
was designed to probe into Ted’s experiences within the course. Specifically, the research team
structured the daily journal prompt to encourage Ted to reflect on events or experiences from the
previous day, without prompting him to discuss specific tasks or activities he had already reported
through the ESM survey data. This highlights that a thread that is more focused on course without
the task information may result in a thread that investigates particular moments in relation to the
course over the course of the day that the ESM data may not have captured. Thus, an advantage
of this kind of thread is that the daily journal prompt could expand upon the ESM data through
capturing a moment that is influential for the student’s SE that the ESM data did not capture.
Another kind of advantage of a thread is that the daily journal prompt could expand upon the
ESM data through capturing a moment that is influential for the student’s SE that the ESM data
did capture and could expand upon this moment through explaining how and why this moment
influenced the student’s SE.

Ted’s case highlights that there may be significant value in linking the ESM quantitative data
with the qualitative data from the open-ended ESM survey responses to build a thread. By
integrating these different data sources, researchers can gain a more comprehensive understanding

of the student’s SE and identify key experiences that may influence their SE. Once this thread is
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established, it becomes possible to craft a daily journal prompt that can explore the complexities of
SE. In this case, we decided to investigate his experiences within the course across the day, without
necessarily needing to include the task-specific details. Even when the thread contains task-specific
and course-related information as a result of this integration, researchers have the flexibility to
choose which aspects of the thread to include in the daily journal prompt, leading to various types
of daily journal prompts.

For example, with Ted, we chose to write a daily journal prompt that explored the increase in his
scores in relation to his experiences within the course throughout the day. However, we could have
alternatively crafted a prompt that encouraged Ted to discuss, in greater detail, the specific work he
was doing for his research project from the survey response to the latter ESM survey response, and
specifically how that influenced his SE. This illustrates a richer thread - one that includes both task
and course-related open-ended responses from the ESM survey - opening up more options for how
researchers explore a student’s SE with the daily journal prompts.

In contrast, James’s case highlighted a limitation of relying solely on ESM quantitative data.
Without the integration of the open-ended ESM survey data, the daily journal prompt could only
focus on the changes in his task-specific SE scores. While this gives us some insights into James’s
SE, there is no way to contextualize this information within the task or even the broader course
experience in the daily journal prompt. We essentially got lucky that James did this work with
his daily journal prompt response, in that his response did provide more SE information about a
moment he reported on the ESM survey. While his response did the work we wanted in terms
of expanding up on a moment he reported on in the survey, we cannot definitively say that the
daily journal prompt response captured the complexity of the moment as related to James’s SE
scores. Specifically, how do we know that the daily journal prompt response accurately reflects the
underlying factors influencing James’s SE scores without still relying on the qualitative information
provided in the ESM survey? Thus, while using a richer thread with both task and course-related
open-ended responses offers more flexibility and depth in writing daily journal prompts, it also

emphasizes the importance of carefully integrating both types of data to accurately capture and
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reflect the student’s lived experience of SE.

As shown with Ted’s case, this is not to say that we necessarily have to use the task and course
open-ended ESM survey responses. Writing a more general prompt around Ted’s SE scores in
relation to the course, without incorporating the task-specific details, still offered flexibility for Ted
to discuss various aspects of his experience. Notably, it allowed him to reflect on his interaction
with his mentor, which was not captured by the ESM data but was critical for his SE. However, when
a thread includes both task and course qualitative information from the ESM survey responses, it
provides researchers with additional options to explore and investigate a wider range of influences
from the student’s day that may be influencing their SE. This shows that daily journal prompts
can expand upon the ESM data in two ways: (1) by expanding on the SE information related to
moments already reported in the survey, as seen in James’s case, and (2) by capturing additional

moments from the student’s day, as was partially the case for Ted.

5.5.5 Comparing Embedded Unit 3 from Fall 2020 (Lenny’s Data) to Embedded Unit 3 from
Fall 2021 (Rose’s Data)

Embedded Unit 3 from Fall 2020 (LENNY’s Data): Two threads were identified in Lenny’s
ESM data, as discussed in Section A. After examining his quantitative ESM data, the two threads
identified in his task-specific SE scores were: (1) a dramatic increase from the 20s-50s on Day 3 to
the 80s-100s on Day 4, and (2) a possible decrease at Notification 14 on Day 4.

As the first author analyzed Lenny’s data post-collection, the daily journal prompt could have
addressed either of these threads or been phrased more broadly, allowing Lenny to explain what was
influencing his task-specific SE without explicitly focusing on either thread. The latter approach
would let Lenny describe the changes in his SE without us biasing him to discuss one thread or
the other, assuming that the two threads were influenced by different factors. Appearing to use
this approach, the research team developed the following daily journal prompt to further explore

Lenny’s task-specific SE fluctuations.

By your last notification today in the app it was clear that something had changed in

your day. Can you tell us anything about what affected that change? - Lenny’s Fall
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2020 Week 1, Day 4 Daily Journal Prompt

In evaluating the daily journal prompt, the writer refers to the ESM surveys using the phrase -
“By your last notification today in the app." This language links the daily journal prompt to the ESM
survey data and signals to Lenny that we are interested in understanding his responses. The writer
then follows up with “it was clear that something had changed in your day. Can you tell us anything
about what affected that change?" This statement acknowledges the change in Lenny’s task-specific
SE scores, without explicitly identifying the two threads. Instead, it conveys to Lenny that we have
observed changes in his ESM responses and are asking him to reflect on what influenced those
changes, without presupposing the cause.

Although the intention of the daily journal prompt was to have Lenny share what influenced
changes in his task-specific SE scores, the prompt does not directly focus on these variations.
Instead, it asks Lenny to describe what changed during his day. The daily journal prompt mentions
the ESM survey data with the phrase, “By your last notification today in the app," but then shifts
focus to broader changes in Lenny’s day with “it was clear something had changed in your day."
This shift prompts Lenny to reflect on changes that occurred specifically on that day, rather than
on Day 3 and Day 4. This limitation may limit the ability to fully capture the key moments or
emotional responses from Day 3 that may have influenced Lenny’s SE.

Another limitation of this approach is that, while one of the identified threads focuses on changes
from Day 3 to Day 4, the prompt does not explicitly make it clear whether Lenny can reflect on
changes across these two days. The prompt doesn’t necessarily prevent him from doing so, but the
open-ended phrase encourages reflection on the current day, which may unintentionally exclude
important information from previous days - particularly regarding shifts in SE scores between Day
3 and Day 4. As a result, Lenny might not discuss his SE directly or may omit key moments
he reported on the ESM surveys, especially those from Day 3. Even if Lenny shares moments,
they may not align with the survey responses. This means that integrating the ESM data with the
daily journal prompt responses to build a coherent narrative about what influenced Lenny’s SE

could be more challenging. Since the daily journal prompt responses do not explicitly reference or
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discuss the ESM data, it becomes difficult to directly link the two. While the daily journal prompt
responses may suggest potential factors influencing Lenny’s SE, without explicit connections to
the ESM data, we cannot fully integrate these insights to capture a complete understanding of the
factors driving his SE across different days.

Relying exclusively on quantitative ESM data to build the thread that informed the writing of
this daily journal prompt limited the ability to contextualize and identify patterns or changes in
task-specific SE scores, which then limits us in being able to contextualize and follow up on those
patterns with daily journal prompts. Thus, the daily journal prompts and its responses are limited in
how they may help us understand students’ SE. In the absence of this integration, the research risks
producing a partial or skewed understanding of what drives changes in task-specific SE, potentially
overlooking important contextual, emotional, or situational influences that quantitative data cannot
capture. These limitations become evident when turning to Lenny’s response to his daily journal

prompt.

“I started today with my Vietnamese class and it was a review class where we got to
speak to native Vietnamese speakers. It was an overwhelming time for me since I’ve
only had 4 weeks of Vietnamese and am at about a young toddler level of understanding.
I couldn’t understand any of the fluent speech and it felt like a train wreck trying to
communicate with them. After the class I got to work on my senior thesis which is
heavily based in programming and data science. Areas that I am and feel competent in.
What I was doing drastically changed throughout the day. I went from doing something
I have very little experience in to something I have years of experience in.” - Lenny’s

Fall 2020, Week 1, Day 4 Daily Journal Prompt Response

In his daily journal prompt response, Lenny explained that the change in his day was due to his
different feelings toward his Vietnamese class compared to his senior thesis work. His response
focuses on describing the change in his day rather than necessarily reflecting on how it related to

the change in his ESM scores. For example, he described his experience in the Vietnamese class,
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where he had the opportunity to speak with a native Vietnamese speaker, as “overwhelming." He
mentioned that he “couldn’t understand any of the fluent speech," which reflects his perception of
his limited ability in the language. He even referred to the experience as “a train wreck trying to
communicate with them." This contrasts with his senior thesis work, which he feels more competent
in, as it involves areas “that I am and feel competent in." This statement is a reflection of his SE
- Lenny feels confident in his ability to handle his senior thesis work. He summarized the shift
he experienced throughout the day by saying, “What I was doing drastically changed throughout
the day. I went from doing something I have very little experience into something I have years of
experience in." Lenny shared what we had asked for, which is what has changed across his day, and
although he related this shift to his SE, we must consider whether this change is reflected in his
task-specific SE scores.

To link Lenny’s experiences with the ESM survey scores, he would have needed to report
on these specific experiences within the ESM surveys that were completed on the same day.
Although his SE may have changed throughout the day as he described, this change may not have
been captured within the ESM scores themselves. This illustrates that relying solely on the ESM
quantitative scores and the daily journal prompts is insufficient. To make that connection, we would
need to know what Lenny was doing at the exact moment he completed the surveys. Reviewing
his open-ended ESM survey responses would allow us to determine whether they align with his
experiences in his Vietnamese class or shortly after his class, as well as whether we captured his
work on his senior thesis project. Although the research team did not use the task and course
open-ended ESM survey items during the data collection, they would later need to consider both
the task and course open-ended ESM survey responses in a post-hoc analysis to confirm whether
these experiences are reflected in Lenny’s ESM scores.

Examining Lenny’s response to the task open-ended ESM survey question in Table X, we see
that his experience in the Vietnamese course earlier on Day 4 was not captured in the ESM data.
However, we did capture him practicing or working on his Vietnamese on Day 3, as reflected in

Notifications 11 and 12. This aligns with the lower task-specific SE scores for Day 3, as compared
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Notification Number Reported Task

13 Walking to the store

14 Physics senior thesis research
15 Senior thesis work

16 Getting KFC

Table 5.8 Lenny’s reported task associated with each notification for his Week 1, Day 4 data
collection.

to the scores on Day 4, when he was working on his senior thesis. Lenny’s daily journal prompt
suggests that these changes in his SE are consistent with his description of his experiences in the
Vietnamese course versus his senior thesis work: “I went from doing something I have very little
experience in to something I have years of experience in.” He also directly contrasts his competence
in programming and data science, which he applies to his senior thesis, with his limited competency
in Vietnamese, noting that after “only 4 weeks of Vietnamese,” he is at a “young toddler level of
understanding.”

Overall, there is a disconnect between Lenny’s ESM data and his daily journal prompt response.
On Day 3, he reported practicing for the ESM surveys, but in his daily journal prompt response,
he discussed his experience in class, where he had to speak with a native Vietnamese speaker.
While we can infer from his daily journal prompt response why his task-specific SE scores were
low on Day 3, Lenny did not reflect on the specific experience mentioned in the ESM data. This
disconnect highlights a limitation in how we’ve implemented the ESM along side the daily journal
prompts. Using the ESM along side the daily journal prompts means we can capture a wide range
of experiences. However, when these experiences aren’t aligned or reflected consistently across
both the ESM data and the daily journal prompt responses, we lose the ability to capture an in-depth
understanding of the moment reported on the ESM. This doesn’t necessarily reflect a flaw in the
ESM itself but rather a challenge in how we integrated it with the journal prompts. While the
advantage of this daily journal prompt and response is that it captures a holistic view of Lenny’s
SE changing across the day, the limitation arises when the data from the two sources doesn’t align,
making it difficult to link specific experiences with SE fluctuations. Thus, there are benefits and

limitations to how we link and interpret a student’s SE when the data isn’t fully synchronized,
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limiting the advantage of using a mixed methods approach.

We have discussed a bit about how Lenny’s response to the daily journal prompt provides
valuable insight into his SE across different tasks and courses. From his response, we learn
that Lenny feels incapable of speaking Vietnamese when interacting with a native speaker. He
described this experience as "overwhelming," which reflects a perceived threat to his SE in this
area. In contrast, he feels confident in his ability to handle his senior thesis, which involves
programming and data science — areas where he has more experience and competence. This
suggests that Lenny’s SE for his senior thesis is likely higher than his SE for his Vietnamese course.
Therefore, we might expect to see lower task-specific SE scores for tasks related to his Vietnamese
course compared to those related to his senior thesis. Additionally, his response indicates that Lenny
draws on mastery experiences—his years of experience in data science and programming—as a
key factor in assessing his SE. However, we did not explore other potential experiences, such as
Lenny’s broader engagement with the Vietnamese language, which may also shape his SE.

While the journal prompt provided useful insights into Lenny’s SE, it’s important to note that
the question didn’t explicitly ask him to reflect on it. Lenny’s response about how his confidence
changed across the day could be seen as a fortunate coincidence — it just so happened that he linked
the change in his day to changes in his SE. This is not a flaw in Lenny’s reflection, but it raises
an important point: without specifically prompting students to reflect on their SE, it’s possible
that other students may not mention it at all. This challenges the consistency of the prompt’s
effectiveness in capturing SE across different individuals. Although Lenny’s response adds validity
in that he was not directly led to discuss his SE, it also suggests that the prompt may not always elicit
this reflection from every student, making it harder to compare responses or generalize findings.

In sum, Lenny’s data provides valuable insights into the advantages and limitations of using
ESM in conjunction with daily journal prompts. While the ESM data captured fluctuations in his
task-specific SE, the journal prompt was less precise in directly linking these changes to specific
experiences. The disconnect between the ESM data and Lenny’s self-reported experiences in the

journal highlights the challenges of integrating multiple data sources, especially when they aren’t
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fully synchronized. While this mixed-methods approach offers a broader view of Lenny’s day, it
also restricts our ability to draw clear, consistent connections between particular moments and SE
fluctuations. These findings emphasize the importance of refining the integration of ESM data and
journal prompts, particularly by considering open-ended responses from ESM surveys in future
analyses.

Embedded Unit 3 from Fall 2021 (ROSE’s Data): As discussed in Section A. , we observed
that Rose was working on a variety of tasks associated with her biology course and her chemistry
course, and that her task-specific SE scores, regardless of the activity, were reportedly lower for
tasks associated with her biology course then her chemistry course. To explore this thread, the

research team wrote the following daily journal prompt for Rose.

Over the last 3 days, your responses in the app indicated you were working on both
[Cell and Molecular Biology Course Label] and [General Chemistry Course Label].
However, you indicated you were less skilled and felt less successful on [Cell and
Molecular Biology Course Label] than [General Chemistry Course Label]. Can you
tell us a little bit more about why you feel differently in these two classes? - Rose’s

Fall 2021, Week 1, Day 3 Daily Journal Prompt

Upon examining this daily journal prompt, we see that the research team made a concerted
effort to link it to the ESM surveys in a broader sense, with the phrase “Over the last 3 days, your
responses in the app. . . ” This phrase connects the journal prompt to Rose’s ESM data over the past
few days, framing the conversation about her task-specific SE within the context of the data we had
already observed. The prompt goes on to acknowledge that Rose had been working on tasks for
both her biology and chemistry courses, and highlights that her SE scores for tasks associated with
biology were lower than those for chemistry. By directly stating that Rose appeared to report that
she felt “less skilled” and “less successful” in biology, the prompt was designed to invite Rose to
reflect on the reasons behind these differences.

The phrasing of this prompt was intentional - it steered Rose toward discussing the potential
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disparity between her perceived skill and success in the two courses, which aligns with the task-
specific SE scores that we had seen in her ESM data. Additionally, the prompt implicitly sets up
a comparison between the two courses and their impact on Rose’s SE. This directionality in the
prompt might limit the scope of her reflection to a narrow focus on just the two courses, without
accounting for other potential factors influencing her SE. Her daily journal prompt response reflects

these decisions.

1 feel differently about BS161 and CEM 141 because of my recent scores in both of the
classes. In high school, my strongest subject was AP biology, and my weakest subject
was AP chemistry. With that in mind I thought that’s how my college education would
be as well. However, my chem class is easier for me to understand, rather than my
biology class. In chemistry the lectures are over zoom, but I have in-person recitations
that really help me understand. Also, we get weekly homework assignments that help
me understand the material. However for my biology class, it’s completely online, and
we don’t have homework assignments. Learning depends on self studying, and the
prequizes given twice a week. ['ve been struggling learning how to self teach myself
through an online platform. - Rose’s Fall 2021, Week 1, Day 3 Daily Journal Prompt

Response

Rose’s response to the daily journal prompt provides a detailed, personal explanation for the
differences in her SE between her biology and chemistry courses. Her prior experiences with AP
Biology and AP Chemistry shaped her expectations for college courses. Despite struggling with
chemistry in high school, Rose finds her chemistry class easier to understand than her biology
class in college, which contrasts with her initial expectations. One key factor contributing to this
shift is the learning environment. Rose mentions that her chemistry course is delivered through
Zoom lectures, supplemented by in-person recitations, which she finds helpful for understanding
the material. In contrast, her biology course is entirely online, with no in-person support. This

self-directed nature of the biology course has made it more challenging for Rose to learn effectively,
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especially since it lacks homework assignments and relies heavily on pre-quizzes and self-study.
As a result, the opportunities available to support Rose in building her SE differ across the two
courses. Although she was stronger in biology during high school, her lack of confidence in her
ability to self-teach in an online format has lowered her SE in her college biology course. On the
other hand, her positive experiences in chemistry, particularly with its structured learning support,
have bolstered her SE. Weekly homework assignments and interactive recitations provide frequent
feedback and opportunities to solidify her understanding, likely contributing to her higher SE in
chemistry. In contrast, the online structure of the biology course, which lacks regular assignments
and relies on self-teaching, has likely contributed to lower SE.

While Rose’s journal response provides insights into why her task-specific SE scores were lower
for biology and higher for chemistry, the daily journal prompt response did not explicitly capture
any specific moment Rose reported on her ESM surveys in relation to these fluctuations. We can
infer that the challenges Rose described in her biology course contributed to lower SE scores for the
tasks she reported. The lack of support - specifically, the absence of regular homework assignments
and in-person interaction - likely made the biology course tasks more difficult, which are most likely
reflected in her lower task-specific SE scores for the biology-related tasks.

Conversely, her higher task-specific SE for chemistry tasks aligns with her description of the
course’s supportive learning structure. The availability of in-person recitations and the regular
homework assignments likely helped boost her confidence in handling chemistry tasks, which is
most likely reflected in her higher task-specific SE scores for chemistry tasks.

Even though Rose’s daily journal prompt response provides useful insight into her SE, the
disconnect between her ESM data and the daily journal prompt responses remains a limitation. The
ESM surveys captured SE at specific points in time, but without direct references to those moments
in Rose’s daily journal prompt responses, we cannot conclusively link her experiences discussed
in the daily journal prompt response with the task-specific SE fluctuations. As a result of the
daily journal prompt response, we can only infer how her feelings towards biology and chemistry

impacted her task-specific SE.
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Some of this disconnect may stem from the phrasing of the journal prompt itself. The prompt
guided Rose to explain her differing feelings towards these courses, which may not fully capture the
nuanced fluctuations of SE. For example, Rose does not mention specific moments of success or
struggle that could have influenced her SE at particular points during the week. This highlights the
challenge of relying on the daily journal prompts to investigate dynamic changes in SE throughout
the day or across multiple days.

Overall, the advantage of Rose’s journal prompt is that it helps us move towards understanding
her task-specific SE fluctuations by shedding light on how course structures may influence her
SE. Specifically, the presence or absence of key supports such as weekly homework assignments
or in-person recitations that may contribute to higher or lower task-specific SE scores. Her daily
journal prompt response provides valuable insights into how these factors shape her course-level
SE toward the biology and chemistry courses. However, a limitation of the prompt is that it does
not guide Rose to reflect on specific moments within those classes that could influence her SE at
particular points. More importantly, it doesn’t link her responses to the particular moments of her
ESM surveys, which may reveal how her SE fluctuated throughout the day or across multiple days.
Instead, Rose’s daily journal prompt response focuses on her general feelings towards the courses.
While this still provides useful context, it does not allow for a precise connection to the moments
and their associated task-specific SE as reported in the ESM data. This case also underscores that
using daily journal prompts solely using course information may not prompt students to discuss
specific moments that directly affect their SE. It suggests that including task and course-related
information in prompts (as done in the open-ended ESM surveys and their use in building threads in
Fall 2021) may be more likely to elicit responses that address specific moments in time, providing
deeper insights into students’ SE.

In contrast, Lenny’s daily journal prompt was more broad as we did not include course or
task information, but rather asked him what had changed across his day to understand what might
influence his ESM responses to change. His daily journal prompt prompted him to recall specific

events related to his Vietnamese course in relation to the skills needed for his senior thesis project.
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Unlike Rose’s more general reflection about two courses, Lenny’s prompt successfully related his
SE to a concrete moment in a classroom and to working on a project. Similarly to Rose, Lenny’s
daily journal prompt response and ESM data were not able to be directly linked either, but even so,
his detailed exploration of specific events in the courses helped provide valuable insight into his
SE, including his task-specific SE scores, and highlighted the importance of prompts in eliciting
rich, moment-focused reflections. The comparison between Rose’s and Lenny’s cases suggests that
while prompts can reveal insights into course-level SE, task-focused prompts that ask for reflections
on specific moments within the course are more likely to yield responses that directly tie the task-
specific SE fluctuations to key events reported on ESM surveys. This is critical for being able to

understand how specific moments are impacting students’ SE development.

5.5.5.1 Key Takeaway: Integrating Quantitative and Qualitative Data Leads to Richer,
Context-Sensitive Daily Journal Prompts

The cross-case analysis of the Embedded Unit 1 from Fall 2020 (Jane’s Data) and Fall 2021
(Robert’s Data), Embedded Unit 2 from Fall 2020 (Jame’s Data) and Fall 2021 (Ted Brown’s Data),
and Embedded Unit 3 from Fall 2020 (Lenny’s Data) and Fall 2021 (Rose’s Data) illustrates the
limitations and advantages of relying on threads from solely using the quantitative ESM survey data
versus integrating the quantitative and qualitative ESM survey data to built the thread that informs
the creation of the individualized daily journal prompts.

From the Embedded Units 1-3 from the Fall 2020 data collection, the individualized daily
journal prompts were constrained by the sole reliance on the quantitative ESM survey data, which
provided valuables insights into the fluctuations in SE but lacked the contextual richness needed
to fully understand these changes. The individualized daily journal prompts created in these cases
linked to the broad trends in the ESM data, using language like “Today in the survey data you had a
few very confident responses and then a few not confident responses”, “Today in the survey data it
appears that you had a rough patch in your day where you felt less in control and skilled”, and “By
your last notification today in the app it was clear something had changed in your day,” but did not

incorporate task-specific or course-level details that might have clarified the moments driving these
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fluctuations. As a result, while the prompts helped to explore shifts in SE or, in Lenny’s case, shifts
in his day, they did not allow for a deeper investigation into the specific tasks, events or experiences
influencing these changes.

In contrast, the integration of quantitative and qualitative ESM survey data to build threads in
the Embedded Units 1-3 (Robert’s, Ted Brown’s, and Rose’s Data) from Fall 2021 provided greater
flexibility and depth in creating individualized daily journal prompts. By incorporating the open-
ended ESM survey responses, researchers were able to identify more nuanced threads, linking
task-specific and course-level experiences to fluctuations in SE. This allowed for the creation
of prompts that encouraged students to reflect on specific moments within their coursework or
particular tasks, leading to richer, more contextually informed responses.

This analysis demonstrates that while quantitative ESM data can provide valuable insights into
changes in SE, it is the integration of quantitative and qualitative ESM data that truly enriches the
process. By using both types of data, researchers can develop individualized daily journal prompts
that not only track shifts in SE but also delve into the specific experiences, tasks, and contexts
that shape these fluctuations. Ultimately, this integrated approach allows for a deeper and more
complete understanding of students’ SE, allowing for exploration of the specific moments when
these shifts occur.

Furthermore, the Embedded Unit 3 from Fall 2020 and Fall 2021 illustrate that, while prompts
can reveal insights into course-level SE, task-focused prompts — especially those that ask students
to reflect on specific moments within a course — are more likely to yield responses that tie the task-
specific SE fluctuations to key events reported in the ESM surveys. This highlights the importance
of crafting daily journal prompts that not only explore broad trends but also probe the concrete
task-related moments that may drive fluctuations in SE.

Additionally, the Embedded Unit 3 from Fall 2020 (Lenny’s individualized daily journal
prompt), and Embedded Unit 2 from Fall 2020 (James’s individualized daily journal prompt)
and Fall 2021 (Ted Brown’s individualized daily journal prompt) demonstrate that individualized

daily journal prompts can encourage students to reflect on specific moments without necessarily

149



including task-specific information. These reflections, however, may not always align with the
ESM data if those moments were not captured in the surveys. Therefore, one key takeaway is that
individualized daily journal prompts can expand on the ESM data in two ways: (1) by expanding
on the SE information related to moments already captured by the surveys or (2) by capturing new
moments that may influence SE but were not initially reflected in the ESM data.

The Embedded Unit 2 from Fall 2021 (Ted Brown’s Data), in particular, underscores the value
of integrating both types of data. By building a thread from both quantitative and qualitative
ESM survey data, the individualized daily journal prompt allowed for a deeper exploration of
SE fluctuations. This also highlighted that through well-crafted prompts, the data captured in
the individualized daily journal prompts could uncover additional threads, providing a richer
understanding of the student’s experiences, to be followed up on in the individualized daily journal
prompts.

Overall, this cross-case analysis emphasize the advantage of combining quantitative and quali-
tative ESM survey data: while the quantitative ESM data alone provides a valuable snapshot of SE
fluctuations, the qualitative ESM data provides contextual information to situate the fluctuations
within moments from the students’ lives leading to threads that enhance the richness of the prompts.
This integrated approach not only strengthens our understanding of SE but also allows researchers
to investigate its complexities and the nuanced factors that shape it when these threads are used to
inform the writing of the individualized daily journal prompts. However, as seen in the Embed-
ded Units 1-3 from Fall 2021, decisions about how to write prompts must carefully consider the
complexity of SE as a result of integrating both types of data supporting research in crafting more
meaningful and specific individualized daily journal prompts. Prompts can be written to guide
students to reflect not just on how their SE changed, but also on why those changes happened, tied to
specific tasks or experiences they encountered. In essence, having both types of data available helps
ensure that the prompts are designed to encourage more informative and meaningful reflections
from students. These reflections provide a clearer picture of how their experiences and specific

moments in their day influence their SE.
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5.6 Discussion and Conclusion

The nested and embedded case presented in this chapter highlights the methodological signifi-
cance and practical benefits of integrating the open-ended (qualitative) and closed-ended (quanti-
tative) ESM data when designing individualized daily journal prompts. This integration serves not
as a strategy for enhancing the threads observed from the ESM data and the contextual richness of
prompts but also as a way to deepen our ability to explore SE in relation to real-time experiences.

Through comparisons between the Fall 2020 and Fall 2021 embedded units, we see a clear
progression in the quality and specificity of the daily journal prompts as a result of the method-
ological shift. In the 2020 cases, where only closed-ended (quantitative) ESM data were available,
researchers were limited to tracking general trends in task-specific SE. Prompts based solely on this
data could point to when a shift occurred but lacked the contextual grounding needed to explore
why the shift took place. As a result, student reflections were often broad and disconnected from
the specific events or tasks that likely influenced their SE.

In contrast, the 2021 embedded units show how integrating open-ended (qualitative) ESM
responses enriches the threads that inform daily journal prompts. By linking task-specific SE
fluctuations to particular academic experiences—such as working on a research project, preparing
for a presentation, or navigating multiple courses—researchers could construct prompts that were
both more targeted and more meaningful. These prompts guided students to reflect not only on
changes in their SE, but also on the sources and contexts driving those changes, aligning directly
with the dissertation’s aim of making visible the domain-specific and source-specific nature of SE.

Importantly, the findings also reveal that individualized daily journal prompts do more than
follow threads—they can generate new ones. In several cases, the individualized daily journal
prompts provided the opportunity to explore in greater depth the experiences reported in the ESM
data, allowing for follow-up questions or prompts that could further illuminate the factors influencing
changes in SE and how students interpret these factors. This suggests that the relationship between
the ESM surveys and journal prompts is not strictly unidirectional. Rather, prompts based on

integrated data can open new analytical pathways, expanding our understanding of students’ SE
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experiences beyond what was initially captured in survey responses. This is a critical insight, as
it positions the prompts not only as tools of reflection but also as instruments for extending the
analytic reach of the research.

The analysis demonstrates that the integration of qualitative and quantitative ESM data signifi-
cantly enhances the individualized daily journal prompts, making them more context-sensitive and
aligned with the moment-to-moment fluctuations in self-efficacy. By using both types of data, this
approach offers a deeper, more nuanced exploration of SE, situated within the real-time experiences
of students. Moreover, the study contributes to the broader mixed methods literature by illustrating
how integration can be practiced during the data collection phase, providing greater clarity and
transparency in how integration supports the interpretive aims of the research.

Another critical takeaway from this research is the iterative nature of designing a mixed methods
approach, which is a complex and evolving process. Designing a study that effectively integrates
both quantitative and qualitative strands requires ongoing, intentional exploration of how to best
combine the two data types. Each iteration of this study revealed new insights into how integration
can be refined to better reflect the complexities of SE experiences. For example, the integration of
open- and closed-ended ESM survey data in the Fall 2021 cases allowed us to craft more nuanced,
context-specific journal prompts that encouraged deeper student reflections. These reflections were
rooted in the specific tasks, courses, and experiences that shaped their SE.

This iterative approach highlights that designing mixed methods educational research is not a
one-time decision but rather a dynamic, evolving process. The integration of data types, in this case,
shaped not only how we approached the study but also what could be made visible in understanding
students’ self-efficacy. The shifting nature of self-efficacy itself—the way it fluctuates based on
specific academic tasks, courses, and personal experiences—required flexibility and adaptability in
our design. As the study progressed, the ways we crafted the individualized daily journal prompts
evolved in response to both the quantitative ESM data and the emerging qualitative insights, ensuring
that we captured a more complete picture of SE.

Furthermore, this chapter demonstrates that integration is not just a theoretical goal, but a
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practical necessity when researching complex psychological constructs like self-efficacy. The
integration of quantitative and qualitative data allowed for the exploration of SE in ways that would
have been difficult or even impossible with only one type of data. Through iterative refinement, we
ensured that the individualized daily journal prompts were not only reflective of shifts in SE but
also contextually grounded in students’ lived academic experiences.

Overall, this study underscores the value of an iterative approach to mixed methods research
design—one in which integration is not treated as a single methodological step, but as an ongoing,
adaptive process that evolves alongside the study itself. By continuously refining how quantitative
and qualitative data interact—particularly through the integration of open- and closed-ended ESM
data—we were able to design more context-sensitive, reflective instruments that made visible the
nuanced and dynamic nature of students’ self-efficacy. This approach demonstrates how real-time
integration can shape not only the research design, but also what becomes possible to observe,
interpret, and understand about students’ academic experiences. In doing so, this chapter advances
our methodological approach to studying SE and sets the stage for deeper explorations of how
integration practices can be used to illuminate complex psychological constructs. Future work
should continue to explore and extend these strategies, investigating how iterative, mixed methods

designs can refine the tools we use—and the insights we gain—in educational research.
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CHAPTER 6

DESIGNING DAILY JOURNAL PROMPTS TO CAPTURE THE THEORETICAL
FOUNDATIONS IN SELF-EFFICACY

This study is intended to be submitted for publication in Physical Review Physics Education
Research, ajournal published by the American Physical Society (APS) and is dedicated to publishing
significant research related to the teaching and learning of physics (REF). As such, this chapter was
written with this intention in mind and was only edited for formatting to align with the requirements

of the dissertation.

6.1 Introduction

Although research on self-efficacy (SE), one’s confidence in their ability to successfully perform
a task, has been highlighted for its critical role in student achievement [88], persistence in science
majors [89], and career choices [90], current qualitative methods for exploring SE often come with
limitations. Traditional qualitative approaches, such as interviews, allow participants to reflect on
key events influencing their SE. They are typically conducted long after the events occur, leading to
a potential disconnect between the real-time experiences and the reflections shared. This disconnect
is in part a result of participants needing to reconstruct their past experience and, in turn, resulting
in missing nuances of how their SE fluctuates in real time. To address this limitation, we have
been designing a mixed methods approach, in which the primary qualitative data source leverages
individualized daily journal prompts as a tool to explore students’ SE closer to their experiences.
In this work, we focus on the design and implementation of individualized daily journal prompts
to explore how we capture the experiences and context-dependent nature of SE.

Although few studies have used daily journal prompts to examine SE, they offer a promising
approach by allowing students to document their reflections shortly after key experiences, minimiz-
ing the time delay inherent in traditional methods (REF). However, existing research has often used
weekly journals, which may not capture the immediacy that daily prompts can provide. Thus, this
work will examine how the individualized daily journal prompts can serve as a tool to gain deeper

and more immediate insights into students’ academic journeys through the lens of SE, offering a
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richer understanding of the factors that influence their SE in real time.

To explore SE in real time, we employed an explanatory sequential mixed methods design,
combining the Experience Sampling Method (ESM) with individualized daily journal prompts.
This approach allowed us to track students’ fluctuations in their domain-specific SE through ESM
surveys and then, through individualized daily journal prompts students were allowed to reflect on
their experiences in relation to their SE. The integration of these methods across two iterations
of data collection (Fall 2020 and Fall 2021) allowed us to track how the addition of an additional
point of integration provided deeper insights into how students’ SE evolves in response to academic
events. The addition of this contextual information is key to understanding the shifts in how we
write and use these prompts to capture the nuances of SE (see Chapter 5).

To further explore how individualized daily journal prompts investigate SE, we developed a
codebook to assess how their content and structure align with theoretical foundations, specifically
the sources and domains of SE. This tool enables a systematic analysis of the prompts themselves,
revealing patterns in how they were designed to elicit real-time reflections on SE. The codebook
also facilitates a broader conversation about the advantages of the journal prompts, particularly
their potential to complement other instruments, in our case the ESM surveys, in capturing both
the domain-specific nature of SE and offering additional insight into its source-based dimensions.

The guiding research questions for this study are:

1. How can we intentionally design prompts to explore the theoretical foundations that underpin

SE (e.g., domains and sources)?

2. In what ways do the individualized daily journal prompts capture the theoretical foundations

that underpin SE?

3. In what ways do the affordances of daily journal prompts enable deeper exploration of the

sources and domain-specific nature of SE?

In the following section, we will review the relevant background literature on using journals

as a tool for qualitative data collection. We then outline the data collected for this work as well
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as the overall design and implementation of the individualized daily journal prompts. Specifically,
we will highlight the reasoning for the development of a codebook, leading to the next section,
which will summarize the development process. Here, we will discuss how the codebook was
developed, justifications for the structure of the codebook, and the inter-rater (IRR) reliability
process. Furthermore, we will present the codebook by showing its application to a few specific
prompts, demonstrating how the codebook illuminates differences between the types of prompts
designed across the two iterations of the data collection. Lastly, we will address the limitations of
the current codebook, and suggest future directions for improving the design of the individualized

daily journal prompts to support capturing the nuances of SE.
6.2 Background Literature & Purpose

6.2.1 Expanding Reflective Journaling: From Learning to Affective Experiences

Broadly, reflective journaling is a process in which individuals document their thoughts, feelings,
and experiences, often with the intention of gaining a deeper understanding of the individuals and
their emotional and behavioral responses (REF). The practice of reflective journaling has been
recognized in various fields, from education to X (REF).

Although the core concept of reflective journaling remains the same - engaging with personal
experiences through writing - different fields and individuals may approach the practice in distinct
ways. Some may focus on affective or emotional exploration (REF), while others might emphasize
cognitive reflection or creative reflection (REF). Within one study they used reflective journaling
as a means of collecting qualitative data and conceptualized this as an activity “describing a recent
experience and unpacking salient aspects (e.g., people, resources, activities) that affected learning,
and doing so in an ongoing manner over time” (REF).

This definition of reflective journaling emphasizes learning, aligning with its established value
as a pedagogical tool that nurtures student learning (REF). It facilitates self-awareness and personal
growth by encouraging people to document and reflect on their experiences over time (REF). This
practice not only helps to understand one’s learning journey but also contributes to the development

of critical thinking and reflective skills (REF or own argument).
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However, we know that for students to succeed in higher education, and more specifically in the
sciences, their SE plays a critical role [51, 88-90]. Thus, I have expanded the definition of reflective
journaling to include not only learning but also motivational constructs, such as SE. The aim of
this broader definition is to allow for a most holistic reflection that goes beyond learning processes
and incorporates the emotional and psychological elements that shape student experiences.

Even with this expanded definition, reflective journaling ultimately focuses on the process of
describing and identifying important elements of experiences. When using journal prompts as a
qualitative research method, the goal is often to encourage participants to do more than simply
recall their experiences; rather, it invites them to reflect on and analyze their interpretations or
communicate their perceptions of those experiences (REF). Journals also allow for the exploration
of experiences at a different scope, as they reduce the time between when participants experience
an event and they document it (REF). This suggests that not all experiences need to be documented,
but rather key moments that carry greater significance in the reflection process. It is these moments
and their salient aspects that we care most about in the research process.

Thus, I have further modified the definition of reflective journaling for our work to be the

following:

“Reflective journaling is the practice of systematically describing and analyzing personal
experiences, with particular attention to key moments, while unpacking salient aspects (e.g.,
people, resources, activities) that influence learning and other motivational constructs factors in

”»

an ongoing manner over time.

Building on this understanding of reflective journaling, we now turn to its specific role as a
research method, highlighting its distinctions, strengths, and applications in qualitative inquiry.
6.2.2 Journaling in Research: Distinctions, Strengths, and Applications

Journaling offers distinct advantages over other qualitative methods such as interviews and
observational methods, making it a valuable qualitative tool for capturing participants’ experiences.

Unlike interviews, which rely on retrospective recall, journaling allows participants to document
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their thoughts and experiences either in the moment or closer to the moment, reducing memory
bias and preserving details that might otherwise be lost (Bolger et al., 2003; Monk et al., 2015;
McCombie et al., 2024; Bartlett and Milligan, 2015; Mackrill, 2009). While journals excel as
capturing real-time insights, they can also serve as a reflective tool for participants to explore past
experiences, making them versatile for both immediate and retrospective data collection (Mackrill,
2007). Furthermore, one of the key benefits to journaling is its flexibility, allowing participants to
document their experiences, thoughts, and feelings at their own pace and in their own words, in
contrast to structured data collection methods such as interviews, focus groups, or questionnaires
(Bijoux and Myers, 2006). Compared to observations, journaling grants access to participants’
internal thoughts and emotions, perspectives that may not be externally observable. Observations
also require the researcher’s presence, whereas journals do not, making them a practical and
unobtrusive method for gathering rich, contextualized data over time [111].

Journaling is also recognized for its ability to capture rich, real-time data about participants’
experiences and phenomena, directly from the participants’ perspectives (Lutz and Paretti, 2019;
McCombie et al., 2024; Rudrum et al., 2022). One key advantage of this method is its ability to
document experiences as they occur, offering valuable insights into day-to-day life. Researchers
have highlighted that journaling is particularly useful for capturing micro-level experiences - those
subtle, everyday events that might otherwise be overlooked (Kaun, 2010; Lutz and Paretti, 2019).

Journals enable researchers to collect rich, contextual data on participants’ daily lives while
centering their voices and perspectives. Journal prompts can be adapted and refined over time,
allowing them to evolve in response to the emerging themes and events in the data (Rudrum et al.,
2022; Bolger et al., 2003). This flexibility adds to the depth and relevance of the data collected,
ensuring that it remains closely aligned with the participants’ lived experiences.

In research, the ESM is commonly used as a method for collecting data closer to when partic-
ipants’ experiences occur. Some scholars have specifically linked journals to ESM (REF). While
journaling can be integrated into an ESM study, we intentionally use the term “journals” to clarify

that, in our context, journaling serves as a complementary data source rather than a component of
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the ESM itself. Although both approaches involve repeated data collection, the focus of ESM is typ-
ically quantitative statistical analysis, while journaling focuses on qualitative insights (McCombie
et al., 2024).

Journaling’s combination of flexibility, immediate reflections, and its longitudinal capacity
makes it a powerful complement to other qualitative methods in research. Integrating journals with
other data collection methods is common practice (McCombie et al., 2024). For example, journals
have been used to triangulate findings when paired with interview data, adding credibility to the
results (Clayton et al., 2018; Kragh et al., 2017; Voriadaki et al., 2015). Others have used journals
to generate topics that inform interviews (Denno et al., 2021; Deslandes et al., 2015; Long et al.,
2016). When combined with other methods, journals take advantage of their unique strengths. To
illustrate, journals can be used to elicit rich and immediate reflections, while interviews can be used
to further investigate and generate discussion (Craig et al., 2017). As such, journals can expand on
and help validate findings from other research methods.

Within physics education research, there appears to be limited use of journal reflections to
explore affective variables such as SE. One study discussed using prompts on the students’ weekly
quizzes to probe their perceptions of their abilities (Stoeckel and Roehrig, 2021). The specific
prompt was: “If you believe you are at mastery, what strategies or actions helped? If not, what
will you do to improve?” This prompt explores the perception of students about their abilities
and asks them to weigh their confidence in their abilities by describing their mastery or how to
gain mastery. This particular prompt focuses primarily on mastery experiences, as their prompt
encourages students to reflect on experiences that made them feel more or less confident in their
mastery of the content. This prompt, however, may or may not capture other kinds of experience
that students link to the mastery of the content. For example, how their experiences impacted their
SE towards taking the quiz. Here, we extend on their work to explore how journal prompts can be

expanded and refined beyond the source of mastery to capture a broader range of experiences.
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6.2.3 Using Journal Reflections to Explore Self-Efficacy

Many have recognized that qualitative and quantitative research have different strengths and
weaknesses (Merriam and Tisdell, 2016; Maxwell, 2013); as such, commonly using one method
over another can limit our understanding of SE (Usher and Parajes, 2009; Webb-Williams, 2017).
Qualitative research strengths lie in its process orientation towards the world, in which it is used to
explore the people, situations, events, and process connecting these phenomena (Maxwell, 2013).
This includes exploring how people interpret their experiences and how and what they attribute
meaning to (Merriam and Tisdell, 2016).

SE has traditionally been studied using quantitative methods (Klassen and Usher, 2010;
Tschannen-Moran and Woolfolk Hoy, 2001; Webb-Williams, 2017; MORE REF). However, many
have discussed the benefits of leveraging qualitative and mixed methods for SE research (Zeldin
and Pajares, 2000; Usher, 2009; Klassen and Usher, 2010; Chen and Usher, 2013, add PER REF).
For example, in a study leveraging interviews, Usher (2009) claimed that "an interview approach
offers a phenomenological lens through which the development of efficacy beliefs can be viewed
and enables researchers to examine the different conditions under which students process and ap-
praise their experiences as particular junctures in their schooling." However, Webb-Williams (2017)
countered that this approach offers a smaller sample size and lower generalizability of the findings.

While many studies have leveraged interviews as the means to collect qualitative data about
SE, few studies have used journal reflections to explore students’ SE (Huang et al., 2014; Fong and
Krause, 2014). Within the context of physics education research, it is especially true that journals
are rarely used to explore students’ SE (REF). As such, we are interested in leveraging journals as
a viable method for capturing students’ SE.

6.2.4 Summary of the Purpose of the Study

This work is critical in exploring how to design individualized daily journal prompts to elicit
responses from students regarding their SE in relation to their day-to-day lives. While the ESM
survey provides structured, momentary snapshots of SE, the individualized daily journal prompts

offer an opportunity to explore students’ experiences in greater depth. To systematically examine
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the prompts, we developed a codebook to analyze the structure and content of the prompts in
both iterations of data collection. The following sections summarize the development process;
specifically, outline the data collection across the two iterations, the design of the individualized
daily journal prompts, and then describes how the codebook was developed and used to demonstrate
the role of the individualized daily journal prompts in exploring the theoretical foundations that

underpin SE.
6.3 Methods

6.3.1 Context of the Larger Study

This study is situated within the broader investigation of SE in academic contexts, with a
particular focus on how students’ SE fluctuates in real time in response to their daily experiences.
The larger study employs a mixed methods approach to explore SE dynamics using both the
ESM (via survey data) and daily journal reflections. The primary objective was to understand
how students’ beliefs in their abilities evolve over time and in response to specific academic tasks,
environments, and interactions. Within this larger study, individualized daily journal prompts serve
as the key qualitative component, providing deeper insights into students’ real-time experiences

beyond what is captured in the ESM survey responses.

6.3.2 Mixed Methods Approach to Explore Self-Efficacy in Real-Time

To investigate the dynamic nature of SE, we employed an explanatory sequential mixed methods
design, where quantitative ESM survey data informs the qualitative daily journal reflections. This
approach allows us to identify trends in students’ SE through the survey responses and then use
journal prompts to further explore or explain these patterns.

The use of our mixed methods is particularly well suited for capturing SE in real-time because
it enables the study of momentary fluctuations (via ESM surveys) and contextualized reflections
(via daily journals). The ESM surveys provide real-time snapshots of SE tied to specific academic
tasks, while the journal prompts allow students to elaborate on their experiences, challenges, and
interpretations of those moments.

Across both the Fall 2020 and Fall 2021 iterations, the integration of these data sources was
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critical to examine how students interpret and articulate their SE experiences in real time. However,
the methodology evolved in Fall 2021, incorporating students’ own language from their open-ended
survey responses to further tailor the journal prompts and expand on the fluctuates in their task-
specific SE scores we were observing. This refinement represents an additional point of integration

and was intended to enhance the ability to capture the nuances of SE (see Chapter 5).

6.3.3 Data Collection

In Fall 2020, data collection involved administering ESM surveys multiple times per day
alongside daily journal reflections. The students completed the ESM survey four times a day
randomly within four time windows between 9 AM and 6 PM. The ESM surveys measured domain-
specific SE (i.e., task-specific, course-level, and career-level), capturing students’ perceptions of
their confidence in their abilities in the moment.

After 6 PM, individualized daily journal prompts were sent to students. The journal prompts
in this iteration were designed primarily based on students’ task-specific SE scores, if there were
any observable fluctuations in their scores. This allowed us to explore the fluctuations in their task-
specific SE within their daily experiences. The prompts aimed to elicit reflections that expanded
on how or why students rated their task-specific SE in this way.

A key feature of the Fall 2020 design was that while some journal prompts were individualized
based on students’ survey responses, others were more general. This provided a foundational
understanding of how journal prompts could be used to explore SE, but also highlighted the
potential for deeper integration between survey data and qualitative reflections. In addition, some
prompts were written to further explore their SE in relation to their previous daily journal prompt
responses if the researcher had more questions about their daily journal prompt response.

The Fall 2021 data collection maintained the structure of the ESM surveys and daily journal
prompts, but introduced a key methodological refinement: the use of the student’s own language
from their open-ended survey responses to examine the ESM task-specific SE scores and was used
to shape the journal prompts.

This added point of integration allowed for greater individualization of the journal prompts. In
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Fall 2021, the prompts were not only tailored based on SE scores, but also crafted using the students’
own wording from their open-ended survey responses, making them more personally relevant. By
incorporating students’ language, we bridged the gap between their real-time survey responses and
their journal reflections. For example, if a student reported working on a physics assignment in a
survey, we would craft a prompt specifically about their experience with that assignment, prompting
them to reflect on their SE related to that task. This connection encouraged students to elaborate on
specific moments they reported in their ESM surveys and explore how those moments influenced
their confidence in a particular context. This methodological evolution reflects our ongoing effort
to strengthen the alignment between ESM data and journal reflections, ultimately improving the

mixed methods approach to exploring SE in real time.

6.3.4 Individualized Daily Journal Prompt Implementation and Design

Journals can take many formats, including video, audio, written responses, photos, drawings, or
artwork; however, many studies overlook discussing the pros and cons of different journal formats,
as well as providing justification for their choices (McCombie et al., 2024). This gap in the literature
highlighted the importance of explaining our own decisions, not only to evaluate how the iterations
using this mixed methods approach was conducted but also to ensure the study planning addressed

the diverse needs of the participants.

6.3.4.1 Implementation

For our study, the individualized journal prompts were placed and delivered in Microsoft
OneNote (REF), as it was a widely used application at the participants’ home university. By
selecting Microsoft OneNote for its accessibility and ease of use, we aimed to balance participant
preferences with practical considerations, such as ease of access and mitigating the burden of
participation. This approach aimed to ensure that the format aligned with both the technological
context of the participants’ university and their personal engagement with these iterations employing
our mixed methods approach.

Each student had their own notebook within OneNote to keep their data private, shared only

with the research team. OneNote was also selected for its accessibility on phones and computers,
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allowing students to complete prompts without needing to carry additional equipment. This
approach also ensured an electronic data collection, reducing the risk of lost paper diaries or
forgotten entries. Research suggests that participants tend to engage more effectively with electronic
data collection methods, particularly when the devices they already own are used, leading to higher
levels of participation and completion (McCombie et al., 2024).

Across both iterations, participants were instructed to choose their preferred format for recording
their journal responses. Specifically, at the top of each delivered daily journal prompt, we told the
participants: “For each daily reflection you can type, write with a stylus, or record your voice. You
may choose to reflect on any part of your day today that you wish. Below are prompts to inspire the
kinds of things you might reflect on.” Students normally chose to respond to the prompts by typing
their responses to the prompts. We posit that students likely opted to type their responses because
the individualized daily journal prompts were presented in typed form within their notebooks.
Additionally, these directions gave the students autonomy in that they could choose to reflect on
their day with or without using the prompts. Students normally choose to respond to the prompts
we wrote.

An important consideration to our research design was the potential burden on participants. To
minimize this burden, participants were only required to complete one journal reflection per day,
rather than multiple. By structuring the study in this way, we were able to ensure that participants
could engage meaningfully without facing excessive strain, while also preserving the temporal
aspect needed to capture the dynamics of SE (2020 perc paper REF). Given that SE is understood
to be dynamic, it was essential to explore how it fluctuates over time without overwhelming

participants with excessive demands on their time and energy.

6.3.4.2 Design

Designing effective journal prompts for qualitative research can be challenging. If prompts are
too open-ended, participants may provide responses that stray from the research focus, potentially
offering irrelevant data (Graneheim and Astro, 2016). Conversely, overly restrictive prompts

can limit the depth and authenticity of participants’ reflections (Gill et al., 2016; Rudrum et al.,
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2022). This latter scenario diminishes the exploratory potential of qualitative methods, which
goes against our goal of using the individualized daily journal prompts to support the exploration
of the ESM survey data and students’ real-time experiences related to their SE. Therefore, it is
crucial that the design of the journal prompts within our mixed methods approach is intentional and
balanced. Failing to disclose how these prompts were designed or how participants were guided
could undermine the trustworthiness of the study’s findings (McCombie et al., 2024).

We adapted interview protocols to support writing some of the daily journal prompts; however,
the majority of the individualized daily journal prompts are written to expand or confirm/disconfirm
the ESM survey data; specifically, in response to events and emerging themes from their ESM data.
However, this raises many questions about how to write individualized prompts, how to write
prompts that complement the ESM survey data, and how to write prompts that elicit information
about how their real-time experiences are influenced by or influencing SE. In the following, we
discuss key considerations for intentionally writing prompts to meet the goal of tailoring prompts
to the individual, complementing the ESM data, and eliciting reflections on SE.

Tailoring Prompts to the Individual: One key consideration was how to create individualized
journal prompts that responded to each student’s unique experiences. This personalized approach
was essential for capturing specific moments in students’ daily lives, making their reflections more
meaningful and directly relevant to their SE.

In both data collection iterations, one approach involved customizing prompts based on students’
task-specific SE scores from the ESM data. Depending on the presence of threads (see Chapter
5) from the ESM data, we also paid close attention to the language students used in their previous
daily journal prompt responses, using their specific wording to shape subsequent prompts. In
the Fall 2021 iteration, we also incorporated students’ own language from their open-ended ESM
survey responses when writing prompts, further aligning them with the participants’ experiences
and perspectives.

Complementing ESM Data: In addition to individualization, it was crucial that the journal

prompts complemented the ESM data. This meant designing prompts that were both consistent
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with the data being collected through the ESM surveys and responsive to the unique dynamics
observed in students’ responses. The goal was to ensure that the journal prompts provided an
opportunity to expand upon or confirm/disconfirm the ESM data, creating a more holistic view of
participants’ SE.

For example, consider the following individualized daily journal prompt from a student in the

Fall 2021 data collection:

On Friday, we noticed that you spent most of your day doing the [computational
modeling course | homework. We noticed an upward trend in how skilled and successful

you felt when you were working on that homework.

e Can you take us back to Friday and discuss what was happening while you were

working on your [computational modeling course] homework?

e How confident were you in doing this [computational modeling course] home-

work?

e How did that homework impact your ability to succeed in your [computational

modeling course] course?

This prompt was informed by the ESM data in several key ways. First, our awareness of the
student’s activity across the day—working on their computational modeling homework—came
directly from their open-ended responses across multiple ESM surveys. Second, the observation
of an upward trend in their task-specific SE (i.e., "skill" and "success" ratings) was derived from
plotting their raw ESM scores and noticing a positive shift over time. Third, we intentionally echoed
the language used in the ESM survey by referencing “skilled” and “successful”” within the journal
prompt. This intentional language mirroring further embedded the prompt in the theoretical and
methodological framing of the ESM instrument.

Turning to the questions within the prompt, each serves a specific function in expanding
upon the ESM data. The first question—"“Can you take us back to Friday and discuss what was

happening while you were working on your [computational modeling course] homework ?”’—invites
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the participant to provide a rich, contextual narrative that extends beyond what is possible to capture
through the ESM survey alone. Our use of the ESM did not include space for detailed, moment-
by-moment descriptions, so this prompt question provides a valuable opportunity to explore those
details qualitatively.

The second question—"“How confident were you in doing this homework?”—offers the student
space to affirm or complicate the upward trend we observed in their task-specific SE scores. While
we might expect their response to align with the ESM data, the open-ended nature of the question
preserves the participant’s agency to disagree with our interpretation or nuance it in ways that
are not visible through quantitative data alone. In this way, the prompt allows us to validate—or
question—patterns seen in the ESM data.

Finally, the third question—*“How did that homework impact your ability to succeed in your
course?”’—helps us begin to explore the relationship between task-level and course-level SE. This
is significant, as it offers a pathway into understanding how localized experiences (e.g., working
on a specific assignment) may shape, or be shaped by, broader perceptions of competence and
success in the course as a whole. While such relationships could be investigated quantitatively by
linking task-specific and course-level SE items within the ESM survey, the real-time nature of our
data collection process limited our capacity to do so analytically during the study. Instead, the
journal prompts served as a real-time tool for probing these theoretical connections qualitatively,
as researchers were simultaneously analyzing ESM data and crafting individualized prompts for
participants on a daily basis.

Eliciting Reflections on Self-Efficacy: Lastly, the journal prompts needed to elicit reflections
on how students’ real-time experiences were related to their SE. We aimed to craft prompts that
encouraged students to connect their day-to-day experiences to their beliefs in their capabilities,
ensuring that the prompts facilitated meaningful insights into the dynamics of SE over time. This
was particularly important given the dynamic nature of SE and the need for prompts that helped
capture how students’ SE fluctuated in response to different academic challenges.

By addressing these considerations, we sought to balance structured prompts with the flexibility
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needed for meaningful reflection. Since our primary aim was to elicit insights into students’ SE,
this particular work focuses on the development and use of a codebook to examine how the

individualized daily journal prompts captured the nuances of SE.

6.4 The Creation of the Codebook

In this section, we detail the development of two distinct coding schemes: Contexts and Expe-
riences. First, we outline the Context Codes, which were constructed based on predefined domains
relevant to our study but required further refinement to develop detailed coding descriptions. Next,
we describe the data-driven process used to develop the Experiences codes, which emerged from
examining the daily journal prompts through the lens of SE. We then justify the overall codebook
structure, demonstrating how both coding schemes align with the theoretical foundations and com-
plexities of SE. Finally, we discuss the iterative nature of the codebook development, emphasizing

how the inter-rater reliability (IRR) process informed the refinement and finalization of the codes.

6.4.1 Methodological Influences on Codebook Development

In developing the coding scheme for this work, I drew on the methodological literature that
centers not only the mechanics of qualitative coding but also the interpretative and theoretical
decisions embedded in the process. Scholars offered foundational insights into how codes serve
as both analytic tools and meaning-making devices (Saldana, 2016; Miles and Huberman, 1994;
Strauss and Corbin, 1998). Saldafia’s framing of coding as a cyclical, iterative process resonated
particularly well with my approach, as I often returned to earlier coding decisions after new insights
emerged through group discussions or data immersion. On the other hand, Strauss and Corbin’s
open coding and constant comparison was useful for considering how ensure that the codes were
distinct from each other.

Merriam and Tisdell claimed that when considering qualitative coding, the categories, themes,
and findings must be responsive to the research questions, guiding me to expand upon using
key words, phrases or sentences when thinking about how the codes aligned with the theoretical
foundations of SE (e.g., domains and sources). Additionally, they suggested that codes or categories

should be mutually exclusive in that a relevant unit of data can be placed in only one category. In
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practice for the purposes of this codebook, a unit of data may be coded with multiple codes; yet
the reasoning behind why multiple codes can be applied to the same unit of data is distinct from
one another. This tension pushed me to think more carefully about the interpretative logic behind
the application of each code and encouraged me to engage in inter-rater reliability (IRR) as a way
to surface and negotiate these distinctions.

In addition to the historic literature, I want to honor the more recent work of Laura Wood
() whose approach to using “indicator words” influenced how I began thinking about the coding
process. This encouraged me to start by analyzing the daily journal prompts for key words or
phrases while also reflecting on how particular words or phrases might serve as meaningful entry
points into students’ experiences (Wood, 2022).

Additionally, I found resonance with the epistemological stance offered by researchers such
as Stephen Secules and Angela Calabrese Barton, who emphasize the cultural and contextual
framing of STEM education research (Barton et al., 2017). Their work reminded me that building a
codebook is not a neutral act - it reflects which narratives are being legitimized and whose language
is being prioritized. This shaped my decision to anchor codes in the students’ own phrasing when
possible, and to design categories (like “Interactions with Others”) that left room for nuance rather
than preimposing theory.

Importantly, I also made a deliberate effort to stay close to the data because these individualized
daily journal prompts were informed by the students’ ESM survey responses or previous prompt
responses. Honoring the students’ data meant recognizing that even the prompts themselves
carried traces of student voice. However, it is equally important to acknowledge that these prompts
were also designed through the lens of the researchers - shaped by our theoretical commitments,
interpretations, and decisions about what to ask and how to ask it. This dual nature of the prompts -
as both student-informed and researcher-framed - made it all the more essential to approach coding
with care, striving to interpret them in ways that remained faithful to both the students’ language,
the lens of the researchers, and the broader intentions of the research design. In this way, the

process of developing the codebook was both a theoretical and ethical endeavor — one that sought
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to explore SE through individualized daily journal prompts while remaining attentive to the layered
dynamics of data construction and interpretation.

The literature also made space for me to treat disagreements in coding as productive (REF).
Rather than seeking rigid inter-rater reliability (IRR) as a measure of objectivity, I followed the
guidance of a qualitative piece that discussed the advantages of treating coding discrepancies as
opportunities to deepen interpretive alignment (REF). This thinking shaped our IRR process, where
discussions about disagreements led to refinements in the code descriptions and strengthened the
conceptual clarity of the codebook but also expanded on the ways in which we can use prompts to
capture the theoretical foundations of SE.

These methodological perspectives ultimately shaped not only what I coded for, but how I ap-
proached coding as a design and theory-driven act. In terms of thinking about how to communicate
my decisions and the codebook itself, I lean heavily on the work done by Little et al. (REF), where
they did a beautiful job discussing the development of their codes and the decisions they made
(REF). In the following sections, I describe how these influences materialized in the Context and
Experiences coding schemes, and how they contributed to a codebook that reflects and extends key

ideas from SE theory.

6.4.2 Examining Evidence for Domains

One of the overall aims of the mixed methods approach is to explore students’ SE across different
domains - task, course, degree, and career. The SE literature provided us with valuable insights
into identifying the different contexts within the individualized daily journal prompts. Although
domain-specific definitions of SE vary between studies, common themes emerged. For example,
some studies focused on SE based on subject (e.g., math or science SE), while others examined
discipline-specific SE (e.g., physics or biology SE). Some literature even addressed task-specific,
course-level, degree-level, career-level, and transfer SE (REF).

While the ESM survey items directly measured SE in the task, course, and career domains, the
individualized daily journal prompts were designed both to expand upon survey responses and to

capture additional information. As such, I initially examined the prompts for references to these
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domains to create codes that captured each of these settings. However, a key decision that was a
result of collaborative discussion was to distinguish between *Context’ and ’Domains’ to ensure
that individualized daily journal promptss were coded in a way that aligned with our study’s goals.
As such, we defined ’Context” more broadly to capture relevant experiences, even if SE was not
explicitly mentioned within the individualized daily journal prompts. This decision allowed us to
systematically track moments related to SE without imposing a strict requirement for explicit SE
language. By structuring the codes in this way, we ensure that the individualized daily journal
prompts complemented the ESM survey responses while also allowing space to examine in-the-
moment experiences that contribute to the students’ SE. Additionally, while some individualized
daily journal prompts used explicit SE language, others intentionally did not. Our goal was to strike
a balance, carefully framing questions to capture students’ experiences without unintentionally

leading their responses.

6.4.2.1 An Example of the Context Codes Development Process

When examining individualized daily journal prompts, the most straightforward indicator was
the explicit mention of a course label (e.g., PHY 123). However, a pause in my thinking led me to
ask myself: What about cases where an individualized daily journal prompt referenced coursework
without specifying a particular course? If a prompt referenced a subject area (e.g., 'a physics
course’ or ’a mathematics course’) without specifying a course number, should we still apply the
course code? These questions underscored the need for clear and consistent coding decisions to
ensure alignment between our coding framework and the theoretical foundation of domain-specific
SE.

To illustrate how the Contexts codes were designed to reflect domains, we present the devel-
opment of the COURSE code as an example. Course-level SE is defined as one’s confidence in
their ability to pass a specific STEM course (Stewart et al., 2020?). Guided by this definition, the
COURSE code was designed to capture individualized daily journal prompts that referenced stu-
dents’ experiences, abilities, or confidence related to passing a specific course. While the COURSE

code aligns with course-level SE by requiring a reference to a specific course, it intentionally does
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not require explicit statements about confidence in ability, distinguishing it from the course domain

of SE. For example, a prompt identified from the Fall 2021 iteration is provided.

From your app responses today it sounded like you were able to make it to the office

hours for [modern physics course label]. We’re curious to hear about how it went?

o Who was there? What were you doing?

e How did it impact your sense of your abilities for [modern physics course label]

This prompt was coded with the COURSE code because of the explicit mention of the [modern
physics] course. However, none of the prompt questions directly reference SE. For instance, the
final question - “How did it impact your sense of your abilities for [modern physics]?” —indirectly
engages with SE by prompting the participant to reflect on their abilities, but it stops short of using
explicit SE language such as “confidence,” “belief in your ability,” or “ability to succeed in this
course.” It also avoids more direct framings, such as: “After leaving office hours, how confident
are you that you can complete the required activities in [modern physics]?” or “Considering how
office hours went, do you feel confident you can pass this course?”

This distinction is meaningful: while the prompt encourages reflection on ability within a
specific course context, it leaves space for the student to define whether—and how—that experience
influenced their SE. As such, it illustrates how a prompt can be categorized under COURSE without
explicitly probing course-level SE, thus offering a more open-ended, student-centered opportunity
for self-reflection.

Notably, this is not to say that the prompt is not exploring SE, as the final question in the
prompt invites participants to reflect on how attending the office hours influenced their perceived
capabilities in the course. Using a more open-ended and student-centered framing, the prompt
creates space for participants to share whether and how the experience shaped their SE, without
prescribing a particular response or using technical SE terminology. In this way, the prompt is

intentionally constructed to explore SE — even if it does so through more implicit means. This
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example demonstrates how a prompt can be coded with COURSE and still provide meaningful

insight into SE, even without using the formal language typically associated with SE theory.

6.4.2.2 The Context Codes Descriptions

In Table 6.1, we present the Context codes alongside brief descriptions. A single individualized
daily journal prompt can be assigned multiple Context codes; however, the rationale for each
code assignment differs. For example, a prompt may be coded as both TASK and COURSE if it

references “working on a homework assignment in PHY 123.”

Code \ Brief Description

Task | A daily journal prompt that discusses a specific task. A task is any activity/assignment
ANDY/OR the act of doing a particular activity/assignment. Within this description of
task, we include the act of attending academic spaces. This code is utilized when a
specific task or multiple specific tasks are focused on within the daily journal prompt.
Course | A daily journal prompt that discusses a particular course or identifies the particular
course or courses. It can pinpoint a particular course using language as broad as
“particular” or as specific as having a course label within the daily journal prompt.
Ideally, the participant is being asked to discuss the particular course or each course
provided in such a way that a distinction between which course the participant is
focusing on is clear.

Degree | A daily journal prompt that discusses degree or major, or the requirements or pursuing
a degree or academic plan. As an important note then, in this work we are using the
words degree and major interchangeably. We also use these words interchangeably
with one another: “requirements of pursuing a degree,” “academic plan,” “degree
plan,” and “4-year plan.”

Career | A daily journal prompts that discusses one’s intended/chosen/future profes-
sion/career/occupation, or post-graduation/career plans. As an important note then, in
this work we are using the words profession, career, and occupation interchangeably.

Table 6.1 Overview of Context codes used in the analysis. Each code mirrors a distinct academic
level or domain referenced in students’ daily journal prompts—ranging from specific tasks to
broader academic or career goals.

These brief descriptions guide how prompts are initially coded. The full codebook definitions,
as well as corresponding examples of individualized daily journal prompts that do and do not fit
each Context category, are included in the Appendix B. The examples that align with each Context
code serve as evidence supporting the development of the codes themselves and clarify how these

categories are applied in practice—including edge cases where multiple Contexts codes may be
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assigned.

6.4.3 Examining Evidence for Experiences

When I began developing the codes to examine for evidence of experiences within the daily
journal prompts, I began with characterizing the Fall 2021 data. The opportunity of having been
a part of the data collection for Fall 2021, meant that my coding was influenced through the lens
in which I had (co)written many of these daily journal prompts; for example, we had written them
with the aim of further exploring the real time moments students had reported on the ESM surveys
in relation to their SE.

Through this lens, there were two key components I wanted to characterize. First, some of
these prompts were written to capture students’ real-time experiences as they reported them on the
ESM surveys. As such, I came in with familiarity toward the key words, phrases, and sentences we
used to this work during the data collection process. For example, if we wanted to further explore a
moment the student had experienced earlier in the day, then we asked them for more context about
this moment such as “what were they working”, “who they were working with,” and “how they felt
in that moment.” I created a code to be able to capture this work that guided the students to share
more about about a particular moment.

Another aspect of the daily journal prompts I wanted to capture with my coding was that the aim
of the prompts was to further explore the students’ SE. Again, from having participated in the Fall
2021 data collection, I had the knowledge about the various ways in which we wrote the prompts
to elicit SE. For example, one way was through asking about their SE explicitly by providing them
with questions around what capabilities/abilities they were confident in within certain contexts. In
other cases, we explored the sources of SE through writing prompts using language around working
with others (i.e., vicarious learning and social persuasion), comparing themselves to others (i.e.,
vicarious learning), and receiving encouraging or discouraging messages from others (i.e., social
persuasion). As such, I wanted codes that captured the language that prompted the students to

discuss the sources of their SE.
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6.4.3.1 An Example of the Experiences Codes Development Process

In general, the initial phase of my process to detect evidence of SE experiences, I began by
identifying language that could signal opportunities to engage with the sources of SE (REF).
For example, being encouraged to pursue a physics major could represent a social persuasion
experience—an interaction that may contribute to a student’s SE related to their physics degree.
However, the impact of this moment depends heavily on who delivered the encouragement; the
source’s credibility or relational importance may influence whether the experience functions as a
meaningful source of SE for the student.

With this in mind, my first analytic step involved identifying any information that could be linked
to the sources of SE. In the case of social persuasion and vicarious learning, a participant would, at
a minimum, need to reference an interaction with another person. At a more specific level, I drew
on indicator words from Wood (2022)—such as encouragement or discouragement—which could
signal moments of social persuasion. When a daily journal prompt elicited or incorporated this kind
of language, it was marked with a corresponding code to reflect that potential SE opportunity. Once
I had done this, I began the process of going the codes into groups. For example, I highlighted
prompts that included terms like “mentor”, “network™, “group work session with a friend on
homework,” or “conflict with mom.” While identifying these words and phrases were useful in
understanding who was being referred to in relation to the participant, I quickly realized that
highlighting them alone wasn’t sufficient for addressing the deeper goals of the project. These
terms remained authentic to the language we used in the prompts, but on their own, they did not
necessarily connect back to SE - the theoretical backbone of our work.

This led me to pause and ask myself: Why am I highlighting these words? What do they
actually tell me about the participant’s SE? As 1 revisited the theoretical grounding of our prompts,
I recalled that we had intentionally included references to social relationships because were were
interested in capturing social persuasion and vicarious learning - two sources of SE. However, not
every mention of another person automatically conveyed an influence on the participant’s SE.

Some prompts were more explicit, encouraging participants to reflect directly on how others
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influenced their sense of ability. But even when prompts did not make that connection overt,
I wanted to acknowledge that the participants may still give us meaningful insights into how
participants thought about their interactions with others and how these interactions, in turn, shaped
their perceptions of their own competence and abilities. For instance, we wrote a prompt about a
"group work session with a friend on a homework" as a result of this being in their open-ended
ESM survey response. In thinking about this kind of ESM response, if we write a broader prompt
with no specific words around their confidence in relation to that experience and its’ impact toward
their SE toward the homework, the participant still may share with us that the session supported
them in being able to complete the homework assignment, in which that phrase “being able to do
the homework™ - would signal a shift in their perceived capability in relation to the homework;
thereby, their SE.

This analytical unpacking led to the creation of the "Interactions with Others" code. This
decision allowed us to systematically capture prompts that explored the role of social dynamics on
students’ SE, which was aligned with our broader aim to explore how experiences in real time may
support—or threaten—the SE as perceived by the student. For example, consider the following

prompt from the Fall 2021 iteration of the mixed methods approach:

Reflecting over this past week, were there any people or experiences with people who
encouraged or discouraged you in a particular course you are in right now? Who are
they? What are the things they say to you that either encourage or discourage you in

the course?

This more general version of a daily journal prompt invited participants to reflect on the
influence of others over the past week, specifically in terms of encouragement or discouragement
they perceived receiving within a particular course. The structure and language of the prompt were
intentionally designed to surface potential social persuasion moments—one of the core sources
of SE identified by Bandura — by prompting participants to recall specific interactions in which

others either encouraged or discouraged them in the context of that course.
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6.4.3.2 The Experiences Codes Descriptions

In Table 6.2, we present the Experiences codes alongside their corresponding brief descriptions.
These codes represent the types of experiences that each individualized daily journal prompt is
designed to elicit. Fuller descriptions for the Experiences part of the codebook and corresponding
examples of prompts that do or do not align with each of the Experiences codes are included in
the Appendix C. These examples serve as evidence supporting the development and application
of the codes. Again, a single prompt may receive multiple Experiences codes depending on the
dimensions of experience it is structured to surface. For example, a prompt may be coded as
both Influences on Context-Specific Confidence/Success and Interactions with others, if the prompt
was designed to explore how a participant’s network influenced their confidence in passing their
modern physics course, obtaining their degree, or pursuing their future career. The Experiences
codes reflect the theoretical foundation - source nature - of SE.

The Appendix C has fuller descriptions including inclusion and exclusion criteria to support
distinguishing between these codes. Similarly to the Contexts codes, the short descriptions for
the Experiences codes guide how prompts are initially coded, while the fuller descriptions and
examples in the appendix clarify how these categories are applied in practice - including edge cases

where multiple Experiences codes may be assigned.

6.5 Justifying the Codebook Structure

The codebook was developed through the lens of SE to categorize and analyze the daily journal
prompts in relation to experiences and contexts - both of which reflect, but are not the same as, the
sources and domains of SE. The Experiences codes allowed me to capture the kinds of moments
students encountered - what happened, who was involved, and how those moments may have
influenced their beliefs about their capabilities. Meanwhile, the Contexts codes helped me situate
those moments within meaningful domains such as task, course, degree, or career, providing insight
into where and in what ways SE was being shaped.

This dual-layered coding approach was rooted in both theory and data. Bandura’s emphasis

on the domain-specific nature of SE guided the need for contextual clarity, while the social and
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Code

Brief Description

Evaluation of Confidence, Skills, and Success

A daily journal prompts written to elicit
students’ reflections on their perceived
confidence, perceived skills, and per-
ceived success. It focuses on self-
assessments of abilities, capabilities, and
achievement, often reflecting on past ex-
periences and moments that shape these
perceptions over time.

Influences on Context-Specific Confidence/Success

A daily journal prompts written to cue par-
ticipants to discuss how particular factors
(internal or external) may influence the
participant’s confidence or success within
a particular context.

Comparison to Peers

A daily journal prompts written to cue the
participant to share comparisons between
themselves and their peers.

Interactions with Others

A daily journal prompt written to cue the
participant to discuss their engagement
with others, in which others here can be
a single person or multiple people. These
people can range in their roles in the par-
ticipant’s life.

Details and/or Feelings Regarding an Event

A daily journal prompt written to have a
participant reflect over their lived experi-
ences. These prompts are built as an invi-
tation to the participants to share more de-
tails and feelings about a moment, event,
activity/activities, opportunity or experi-
ence the person had.

Table 6.2 Overview of the Experiences codes used in the analysis, designed to align with the
primary sources of SE as identified by Bandura (REF). Each code captures a distinct aspect of

students’ experiences related to their SE development.

emotional nuances of students’ lived experiences required an approach to coding what those

experiences entailed. Ultimately, this interplay between Experiences and Contexts codes enables

a more complete and dynamic understanding of how SE was activated, challenged, and supported

across different academic spaces and interactions.

Importantly, these codes were not designed to map directly onto the four sources or domains

of SE. Rather, they were developed to reflect the unique, situated ways SE is explored within
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individualized daily journal prompts. This distinction - between reflecting SE theory and being
bound by it - became central in shaping the overall structure of the codebook. In this section, we
offer a deeper rationale for how and why the codebook was organized in this way, including how we
intentionally differentiated between source-like and domain-like constructs while still remaining

grounded in the theoretical foundations of SE.

6.5.1 Contexts (Investigating the Domain-Specific Nature of Self-Efficacy)

The Context section of the codebook was designed to categorize daily journal prompts in relation
to the domain-specific nature of SE. SE is inherently domain-specific because the definition of “task™
can vary depending on the scope of the study. For example, SE toward completing a homework
assignment is different than mastering a specific skill like mathematical integration than passing a
course.

Similar to the Experiences codes, the Context codes were not strictly tied to the domains of
SE (e.g., task, course, degree, and career). This is intentional, as it allows us to capture the wide
range of contexts in which students may have SE, even if the daily journal prompts do not explicitly
reference domain-specific SE. For example, a prompt might explore a student’s abilities within a
course without using language like “confidence in their abilities within that course.” As such, the
purpose of the Context codes is to identify the relevant context, but this does not mean that students
were specifically led to discuss their domain-specific SE.

To better illustrate how the Context codes align with SE, we will walk through one example in
detail: Task. The example will highlight how a specific code aligns with the nature of domain-
specific SE. The remainder of the Context codes are discussed in Appendix D.

Task. One’s confidence in their abilities to complete a particular task is task-specific SE (REF).
Tasks within the context of our codebook include typical academic activities such as particular
homework assignments, quizzes, or midterms, as well as reading assignments. To reflect this
domain-specific aspect of SE, I designed the TASK code to capture prompts focused on a particular
task or activity. A key difference between the Task code and Task-Specific SE here is that the TASK

code is not dependent on the prompt explicitly referencing confidence or SE. Many of the journal
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prompts were written to probe moments where students engaged in specific academic tasks, but
they do not always ask directly about their confidence in completing those tasks. For example,

consider this prompt from the Fall 2021 iteration:

“How did working on this [computational modeling course] assignment affect your
confidence within the course?”

- Daily Journal Prompt, Mruczek, Week 4, Day 2

While this prompt clearly references a task — working on an assignment in the course — it
also implicitly touches on course-level SE by asking about their confidence in the course in relation
to this task. In the case of this prompt, task-specific SE is being explored because it directly links
the student’s perception of completing an assignment to their confidence within the course context.
However, not all TASK prompts are structured in this way. Some may simply ask students to reflect
on the experience of completing an assignment without probing into their confidence.

This distinction is important because the TASK code allows us to capture moments where
students engage with specific academic activities, even if the prompt does not directly ask about
their SE. This is a deliberate choice in the coding process, as many journal prompts were designed
to elicit in-the-moment reflections on students’ academic tasks, leaving room for them to interpret
the impact of these tasks on their own sense of competence. The decision to separate task-focused
prompts from direct inquiries into domain-specific SE provides a foundation for future work to
investigate how these task-based experiences might be linked to SE in ways not immediately
apparent from the data itself.

In this way, the TASK code is reflective of task-specific SE, but does not require that the task
itself be explicitly linked to confidence. This flexibility allows for a broader exploration of how tasks
influence students’ academic experiences and sets the stage for future analysis that may directly
investigate the relationship between these tasks and SE.

In addition, we have included “attending spaces” as part of the 7ask code - environments where

students engage with content or support structures, such as attending office hours, class sessions,
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or other academic spaces. For example, consider this prompt from the Fall 2021 iteration:

“From your app responses today it sounded like you were able to make it to the office
hours for [modern physics]. We’re curious to hear about how it went?”

- Daily Journal Prompt, Jane, Week 2, Day 3

This prompt invites the student to reflect on how attending an academic support space (office
hours) may influence their confidence in completing a related academic task (e.g., a physics
assignment). Although the prompt does not directly ask about the student’s SE, it engages with
the context of the task — the action of seeking academic support — that may influence their
task-specific SE. In this way, the Task code helps capture how students’ interactions with academic
support structures contribute to their evolving confidence in completing academic tasks, even if
confidence is not explicitly mentioned.

Additionally, in other cases, attending spaces on campus often involves students seeking specific
resources or support, which aligns with the Task code, as these actions are directly tied to completing
a task. However, this does not mean that attending these spaces automatically influences a student’s
task-specific SE. While these spaces could impact SE across different domains, the Task code
focuses on the task-centered aspect of the activity itself. For the purposes of this codebook, the
Task code captures these moments as part of engaging with academic tasks, without assuming a
direct link to SE. This distinction allows for future research to investigate how these contexts might

relate to SE, particularly in task-specific domains.

6.5.2 Experiences (Investigating Source Nature of Self-Efficacy)

The Experiences section of the codebook was designed to categorize the daily journal prompts
in relation to Bandura’s SE theory, which emphasizes the role of various sources in shaping beliefs
about one’s abilities. The codes related to experiences in this section are intentionally flexible and
not strictly tied to the four traditional sources of SE. This flexibility in the codebook allows for a more
nuanced understanding of how SE is shaped by real-world situation-dependent experiences. For

example, the code “Interactions with Others” can encompass both social persuasion and vicarious
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learning, depending on the situation. These two sources are distinct, and “Interactions with Others”
cannot be simply replaced with “Social Persuasion,” as they represent different processes within
Bandura’s framework.

To better illustrate how the Experience codes flexibly align with SE theory, we will walk through
one example in detail: Influences on Context-Specific Confidence/Success.

The example will highlight how a specific code aligns with key elements of SE theory and serves
as a tool for understanding how experiences shape SE beliefs. The remainder of the Experience
codes are discussed in detail in Appendix E.

Influences on Context-Specific Confidence/Success. This code was designed to capture individ-
ualized daily journal prompts that explicitly explore the interrelationships between various sources
and domains of SE. We were interested in understanding how different domains and sources interact
and how students’ experiences impact their SE across these contexts. For example, consider this

prompt from the Fall 2021 data collection:

“When you think about your network, how have interactions with those folks impacted
your confidence in...

® passing your courses (MTHI23, PHY123, AST123)

® obtaining a physics/astronomy degree

® or, pursuing a career?

- Daily Journal Prompt, Mruczek, Week 4, Day 2

This prompt aligns with SE theory by investigating the role of social persuasion in shaping SE
beliefs in different domains. Bandura (1997) identified social persuasion as one of the primary
sources of SE, emphasizing that encouragement or feedback from others can significantly influence
one’s confidence (REF). In this case, the participant’s reflection on how their network influences
their confidence in their course, obtaining their degree, and pursuing their future intended career

speak diretly to how social interactions are related to the domains of SE.
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Incorporating such prompts enables educators and researchers to understand which sources of
SE students perceive as influential across different domains. For instance, students might view
social persuasion as crucial for career-level SE, but less so for degree-related SE. Identifying these
perceptions allows for the design of targeted experiences that boost students’ SE at various levels.
This example demonstrates how we used prompts to explore the relationships between the source
nature of SE and the domain-specific nature of SE.

Similarly, some prompts were written to explore students’ perceptions of the relationships
between the different domains of SE. For example, consider this prompt from the Fall 2021

iteration:

“How did working on this [computational modeling course] assignment affect your
confidence within the course?

- Daily Journal Prompt, Mruczek, Week 4, Day 2

This prompt explores how students perceive the task - “working on this [computational modeling
course] assignment” - and its impact on their confidence within the course. Here we treat the
[computational modeling course] assignment as a task and a mastery experience, where students
may reflect on their success or failure in completing it. This prompt then extends this reflection by
asking how this mastery experience on this particular task relates to their confidence in the course,
thereby exploring the relationship between task-specific SE and course-level SE as well as how
these domains are related to a mastery experience.

As such, this prompt would be coded as "Influences on Confidence/Success in Specific Contexts"
because it investigates how students assess the impact of a specific task on their belief in their ability
to succeed in the course. By reflecting on such tasks, students provide insights into how mastery
experiences shape their SE beliefs in academic contexts, and potentially how their task-specific SE
and course-level SE are related. In addition, the open-ended nature of the prompt allows students
to consider other sources of SE, such as social interactions that may occur while completing the

assignment.
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Incorporating prompts focused on the relationships between sources and domains of SE, and
the relationships between the different domains of SE are critical to understanding how the different
theoretical underpinnings of SE are interacting and can influence one another. This insight can
inform the development of instructional strategies aimed at enhancing students’ SE in different

academic settings.

6.6 Inter-Rater Reliability and the Iterative Nature of Codebook Development

To ensure consistent application of our codebook, we conducted an inter-rater reliability (IRR)
check. Beyond methodological rigor, IRR also played an epistemological role in establishing a
shared interpretive grounding across coders, allowing us to reliably trace how journal prompts were
written in alignment with the theoretical foundations of SE. The codebook itself was developed
to categorize journal prompts in a way that helps us understand (1) how the prompts are designed
to elicit reflections on SE, and (2) what aspects of SE are being foregrounded or potentially
underexplored. Drawing on the work of scholars such as Stephen Secules and others who foreground
cultural and contextual considerations in education research, we view this process as more than
classification—it is also a reflection of which narratives of SE are being amplified or marginalized
through design choices (REF).

Given the mixed methods nature of our study, IRR also served a crucial role in supporting
the trustworthiness of our data integration. Specifically, we sought to ensure that the journal
prompts were exploring dimensions of SE that align with constructs measured in the ESM survey,
thereby enabling meaningful convergence between qualitative and quantitative strands. In later
sections, we demonstrate how the codebook not only confirms this alignment but also reveals that
the individualized daily journal prompts offer opportunities to explore theoretical dimensions of
SE — particularly the source nature of SE — that the survey alone is limited in addressing.

We chose to calculate the percent agreement between two coders based on the nature of the
claims we were making in this study. Our aim was not to quantify the frequency of particular
categories, but to demonstrate how prompts were written to reflect and expand on the theoretical

foundations of SE. Because this work is inherently exploratory and formative, percent agreement
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was an appropriate and widely accepted method for assessing IRR in early-stage qualitative re-
search (Miles and Huberman, 1994). Although percent agreement does not account for chance
agreement—making it a less conservative measure—it was sufficient for our purposes given our
emphasis on theoretical alignment and design-based inquiry. Thus, percent agreement served as
a practical tool for demonstrating the trustworthiness of the coding and supporting the conceptual
claims related to the design and theoretical grounding of the prompts. Anideal threshold for percent

agreement is typically considered to be 70% or higher (REF).

6.6.1 Coded Datasets and IRR Process

We began the formal coding process with data from Fall 2021, anticipating that these journal
entries would be richer and more varied due to our increased capacity to write individualized daily
journal prompts during that iteration. Seven students were selected from the Fall 2021 dataset. The

rationale behind their selection included:

* One student was frequently given customized prompts during data collection due to the
richness of his prior responses, making his dataset especially nuanced and valuable for

codebook development.

» Two students had participated in both Fall 2020 and Fall 2021 data collection efforts, offering

continuity across the dataset.

* The remaining four students were selected for their unique prompt content, strong narrative

arcs, and varied experiences.

After selecting the Fall 2021 students, we developed a preliminary codebook based on their
daily journal prompts. Once this initial codebook was established and refined, we applied it to the
Fall 2020 data, which included 5 students. This step allowed us to test the codebook’s applicability
to a similar yet distinct dataset. Although both sets of prompts were written for the same mixed
methods research project, the data sources used to inform the prompts differed between Fall 2020

and Fall 2021, allowing us to evaluate how transferable the codes were across contexts.
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Once coding was completed across both iterations, we finalized the codes and their descriptions

and began preparing for inter-rater reliability (IRR) testing. This included:

* Writing a detailed coding protocol that specified how to apply each code and how to define

the unit of analysis.

* Meeting with an experienced secondary coder to review the codebook and protocol. This
meeting allowed the coder to ask clarifying questions and helped us determine which subset

of data would be jointly coded for IRR.

6.6.1.1 Selecting Data for IRR

To determine the appropriate number of daily journal prompt documents to code for our
qualitative analysis, we used a combination of document counts (the daily journal prompts given
to one student for one day) and existing code frequency data to ensure sufficient coverage of both
frequently and infrequently applied codes. At the time, I had a file with all the data coded with
codes and this was used to determine the code frequency for each code across the Contexts and
Experiences codes.

To establish the total document pool, we began by identifying the total number of daily journal
prompts documents available for coding. For the Fall 2021 iteration, each student was given a daily
journal prompt document per day and this iteration ran across four weeks, which would equate to
20 documents per student. However, we did not give them a daily journal prompt document on the
last day of the data collection, so students were only able to reply to 19 documents per student. We
coded 7 students from the Fall 2021 data collection, which meant there were 133 documents from
the Fall 2021 iteration. For the Fall 2020 document, students were given a daily journal prompt
document per day and this iteration ran across two weeks, which would equate to 10 documents per
student. However, we missed giving them a daily journal prompt document, so the students were
only able to complete 9 documents. We coded 5 students from the Fall 2020 data collection, which

meant there were 45 documents from this iteration. Accounting for all of the documents across Fall
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2021 and Fall 2020 that were coded, there were a total of 178 documents. For ease of calculation,
we rounded this number up to 180 documents as our full sample pool.

Next, to ensure the representation of low-frequency codes within the data for IRR, we examined
the code frequency of the data I had completed coding (all the data) to be able to understand how
often specific codes were applied. In the Contexts code category, the most frequently applied code
appeared 325 times, and another relatively lower-frequency code appeared 69 times. Within the
Experiences code category, the more frequently applied code appeared 196 times, while the least
frequent code was applied 22 time and the next code was applied 46 times, respectively.

To ensure that even low-frequency codes would be sufficiently represented in the data we
analyzed, we established a minimum threshold of 50 code applications based on the lower-frequency
code counts across both the Contexts and Experiences codes. We reasoned that if a code was applied
50 times across the 180 available documents, this would represent approximately 28% of the total
documents. This proportion gave us a rough estimate of how often a typical low-frequency code
appears in the dataset.

To determine how many daily journal prompt documents we would need to code to observe
at least 10 instances of a low-frequency code (our minimum target), we set up the following
proportion below. We set a minimum threshold of 10 code applications as a reasonable target to
ensure adequate representation of even the least frequently occurring codes in our sample. This
decision was informed by a common qualitative research practice that suggests coding at least 10%
of the available data to ensure analytic rigor and representativeness (Guest et al., 2006). Since 10
is 10% of 100, we used this as a simplified heuristic to guide our calculation. We reasoned that if
we could observe a given code at least 10 times within our selected sample, we would have enough
data to meaningfully analyze and interpret that code — even for those codes that appeared least
often in the larger dataset.

This yielded approximately 36 daily journal prompt documents needed to reasonably expect to
see at least 10 applications of lower-frequency codes. This served as our minimum document count

for this phase of the analysis.
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The next step was then to select which data to code for the IRR that met the goal of at least the
36 daily journal prompts documents threshold. Each student in the Fall 2021 dataset completed
19 daily journal entries. Based on our calculation, coding two students would yield 38 documents
(19 entries x 2 students), which exceeds the 36-document threshold. This approach ensured that
we were likely to capture enough variation and presence of low-frequency codes without needing
to code the entire dataset. Only selecting students from the Fall 2021 data was determined to be
sufficient because we anticipated that Fall 2021 had a greater diversity in the prompts written to
explore SE than the Fall 2020 daily journal prompts due to the addition of additional ESM data
to inform the writing of the daily journal prompts. In Chapter 5 we saw that this led to more
contextualized prompts impacting the individualization of the prompts.

As such, we first selected Ted Brown as one of the students to be coded because he received
many of the individualized daily journal prompts we had the capacity to write. This increased
variation in prompt types provides a more conservative test of coder agreement, as the prompts are
more likely to differ in content and complexity. The second student we selected was Jane, who
had journal entries spanning both the Fall 2020 and Fall 2021 iterations of the course (though we
only used her Fall 2021 entries for inter-rater reliability). Jane’s experiences were representative
of a typical physics undergraduate — including working in a research lab, taking a wide range of
STEM courses, and serving as a learning assistant. This made her prompts more likely to reflect
diverse academic experiences. Additionally, we had already begun building a case study around
Jane, so coding her entries helped establish the credibility of our broader analysis. Coding both
Ted’s and Jane’s data allowed us to meet the minimum document threshold needed for sufficient

code coverage.

6.6.1.2 Inter-Rater Reliability Process

We conducted two rounds of IRR. The percent agreements scores are presented in Table 6.3 for
the first round of IRR. The first round involved two coders: myself, who developed the codebook,
and an experienced coder, who had only limited exposure to its development during an early-stage

group meeting. This arrangement allowed us to assess the trustworthiness and usability of the
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codebook when applied by someone relatively unfamiliar with its construction.

Code Percent Agreement
Evaluation of Confidence, Skills, and Success 38.60 %
Influences on Context-Specific Confidence/Success 32.43 %
Comparison to Peers 80.00 %
Interactions with Others 52.63%
Details and/or Feelings Regarding an Event 34.19 Y%
Task 64.86 %
Course 88.14 %
Degree 69.23 Y%
Career 93.33 %
Table 6.3

Upon examining Table 6.3, the IRR results revealed notable disagreements between the two
coders for several of the Experiences codes. Specifically, four out of the five codes—Evaluation of
Confidence, Skills, and Success, Details and/or Feelings Regarding an Event, Influences on Context-
Specific Confidence/Success, and Interactions with Others—had percent agreement scores that fell
below commonly accepted thresholds (REF). While this might initially appear concerning, low
agreement scores can stem from several distinct sources, including: (1) conceptual misalignment
between the codes and the data, (2) unclear or ambiguous codebook definitions, and/or (3) challenges
related to the unit of analysis (e.g., excerpt boundaries, overlapping ideas within segments).

Rather than attempt to revise all four codes, we intentionally focused our efforts on two: Eval-
uation of Confidence, Skills, and Success and Influences on Context-Specific Confidence/Success.
These were prioritized based on their strong alignment with the theoretical foundations of SE and
their importance to the broader goals of the mixed methods design. By focusing on the most
theoretically significant codes, we aimed to ensure that the qualitative data would meaningfully
contribute to our mixed methods interpretation and strengthen the validity of our findings.

In the case of the Details and/or Feelings Regarding an Event code, we did not conduct a second
round of IRR. This decision was based on the recognition that this code serves two distinct functions
that extend beyond the immediate aims of this chapter and may require future disentanglement.

First, the inclusion of feelings within the code aims to capture physiological states, one of the four
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sources of SE. However, the emotional content elicited by prompts asking students about their
feelings may not always be tied directly to SE-related physiological states, as conceptualized by
Bandura. Second, the code seeks to gain a deeper understanding of the moments in students’ daily
lives. Questions such as "What were you doing?" or "Who were you with or working with?" are
aimed at uncovering the contexts of students’ experiences. These prompts do not directly map to
SE theory, but instead provide foundational insights into the experiences students report in their
journals or their ESM surveys. The multifaceted nature of this code likely contributed to the low
percent agreement observed in the first round, as coders may have interpreted the code’s focus
on feelings and moments differently. For a more detailed discussion of the limitations and future
directions related to this code, see Section 6.7.

For the Interactions with Others code, we chose not to conduct a second round of IRR because,
while this code is important in relation to SE, we decided to temporarily set this work aside
in favor of focusing on the Evaluation of Confidence, Skills, and Success and Influences on
Context-Specific Confidence/Success codes. While Interactions with Others could still benefit from
further refinement, the Evaluation of Confidence, Skills and Success and Influences on Context-
Specific Confidence/Success codes are critical for understanding how students evaluate their own
experiences in relation to their SE and how different sources and domains of SE interrelate.
Methodologically, capturing this process close to the moment when students reflect on and evaluate
their experiences is essential for designing timely interventions that support students’ SE in real-
time. Therefore, we prioritized refining these codes for the immediate goals of the study, with the
understanding that the Interactions with Others code will be revisited in future iterations of the
work.

With respect to the Context Codes, they were all above 60% agreement, which we took as a
sign of strong face validity and conceptual clarity for this category of the codebook. As such, we
did not undertake a comprehensive revision of these codes. However, we did briefly explore the
lower-than-expected agreement for the Task code (64.86%), which appeared to be due to whether

simply attending a space - such as going to class, office hours, or a lab - should be considered a
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task. This points to a subtle but meaningful interpretive distinction about what constitutes action
versus presence, which warrants further refinement in future iterations. Nevertheless, the Context
Codes as a whole were judged to be sufficiently robust for the descriptive purposes they serve in
this analysis, allowing us to concentrate our efforts on revising codes more central to the study’s
theoretical contributions.

The next step was to perform a second round of IRR to assess whether the refinements to
the descriptions of the two codes — Evaluation of Confidence/Skill/Success and Influences on
Context-Specific Confidence/Success — led to greater consistency and improved agreement across
coders. Given that first the first two coders had discussed the initial results and issues with the codes
(which could introduce bias into the coding process), we decided to involve a third coder to evaluate
the impact of the revised code descriptions. Coder 3, who had not participated in prior discussions,
therefore, coded based on the revised coding descriptions and protocol, thus minimizing potential
subconscious biases and providing a more objective assessment.

Coder 3, a postdoctoral researcher, was chosen for this round of IRR. Although Coder 3 had
no previously experience with the codebook or the coding protocol, her familiarity with SE was
beneficial. Her background in SE provided a deeper understanding of the broader context in which
the codes operate, but we also recognized the potential for her knowledge to influence her coding.
Nonetheless, since she had not bee involved in the development or prior discussions of the codes, her
fresh perspective allowed us to test the clarity of the refined code descriptions without over-relying
on the familiarity with the codebook.

Coder 3 and I had two meetings for coder training. In the first meeting, we discussed the
logistics and broader context of the IRR process. We discussed the coding protocol documentation,
the coding descriptions, and the coding software. Also, we agreed to use the same data from the
first iteration of IRR for independent coding. This choice allowed for a direct comparison to the
percent agreement calculated previously, helping us assess whether the refinements to the code
descriptions led to increased consistency and higher percent agreement.

During the second meeting, I went through the process of coding data with Coder 3. This
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allowed Coder 3 to become more familiar with the codebook and observe how I was applying the
coding protocol and the two revised code descriptions. It also provided an opportunity for Coder
3 to ask clarifying questions and ensure a solid understanding of the codebook and the coding
protocol. The coding protocol, which was not modified from the first to the second round is shared
in Appendix F. After this meeting, Coder 1 and Coder 3 independently coded Ted Brown and Jane’s

Fall 2021 data, and the percent agreement was recalculated. This is shown in Table 6.4.

Code \ Round 1 - Percent Agreement \ Round 2 - Percent Agreement
Evaluation of Confidence, 38.60 % 69.69 %
Skills, and Success
Influences on Context-Specific 32.43 % 69.23 %
Confidence/Success

Table 6.4

Following the second round of IRR, we observed an increase in the percent agreement for both
codes, signaling that the refinements to the code descriptions had a positive impact on coding consis-
tency. Specifically, the percent agreement for Influences on Context-Specific Confidence/Success
rose from 32.43 % to 69.23 %, and the percent agreement for Evaluation of Confidence, Skills, and
Success increased from 38.60 % to 69.69 %. Although these values remain below the typically
desired 70 % threshold, they represent meaningful progress.

Through follow-up discussions, Coder 3 and I focused on the potential conceptual areas of
disagreement. These involved determining whether certain prompts should be coded as Evaluation
of Confidence, Skills, and Success or Influences on Context-Specific Confidence/Success. We were
able to reach consensus on these cases. A key area that was a challenge was the unit of analysis.
Although addressing this would require further refinement, time constraints prevented me from
exploring this in detail for the dissertation and will be an important area for future work. It is an
important area for future work. For more information regarding the coding protocol used for this

work, see Appendix F and G.
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6.7 Discussion of the Results

This chapter focused on the development and validation of a codebook designed to analyze a
set of daily journal prompts used as research instruments in a broader study of students’ SE. Unlike
typical coding approaches that center participant responses, this work turned the analytical lens
toward the prompts themselves, treating them not as neutral or incidental tools, but as intentional
instruments through which SE is explored. This shift acknowledges that the ways in which we
construct qualitative tools have direct implications for the kinds of theoretical claims we can
responsibly make.

This shift in focus is both methodological and conceptual. If we aim to make claims about
students’ SE based on their journal responses, we must first establish that the prompts themselves
are theoretically sound and capable of eliciting reflection tied to the foundational constructs of SE.
In other words, the integrity of our theoretical claims is inextricably linked to the design of the
instruments we use to collect data.

Importantly, the codebook was not developed to map prompts directly onto Bandura’s four
sources or specific domains of SE. Rather, the codes were constructed to reflect the situated, nuanced
ways SE is explored within the context of individualized, daily journal prompts. The codebook
serves as a theory-informed—but not theory-reductive—f{ramework for analyzing prompt design,
offering a structured way to interrogate how the prompts may invite engagement with SE-related
constructs. In this way, it strengthens both the methodological transparency and the theoretical

integrity of the broader study.

6.7.1 Contexts and Experiences as Essential Elements in Prompt Design

The codebook developed in this study demonstrates that to write individualized daily journal
prompts exploring the theoretical foundations of SE (domains and sources), the prompts must draw
on both the contexts surrounding the moment and the experiences within that moment. By catego-
rizing responses into distinct contextual and experiential codes, the codebook shows that prompts
designed to explore SE cannot focus solely on the task at hand (e.g., the homework assignment).

Instead, they must also account for the personal and subjective dimensions of the experience—how
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the student reflects on their emotions, thoughts, and the surrounding circumstances that might shape
their confidence. For example, prompts that ask about task-specific details (e.g., “Describe the as-
signment you worked on today”) are paired with prompts that explore the experience of the task
(e.g., “How did you feel about your ability to complete the task after working with a peer?”). This
dual focus ensures that the prompts address both the contextual factors shaping SE (task, course,
career) and the experiential factors (emotions, thoughts, social interactions, and self-assessments).

To intentionally explore SE, it is essential that the prompts not only account for the context
but also explore the additional layers of the experience - how the student perceives themselves
in the moment and the surrounding influences (e.g., their emotional state and social dynamics).
The codebook demonstrates that, in order to intentionally explore SE via individualized daily
journal prompts, the prompts need to draw on both the context (e.g., the task) and the experience
of a moment. This careful and deliberate crafting of prompts allows researchers to shape which
aspects of SE are explored, offering a more focused and nuanced examination of SE through the

individualized daily journal prompts.

6.7.2 Alignment Between Prompt Design and Theoretical Foundations of Self-Efficacy

The development and application of the codebook illustrate that the individualized daily journal
prompts align with the theoretical foundations of SE (domains and sources). Rather than mapping
directly onto the four sources or domains of SE, the codebook captures the situated and multifaceted
ways prompts are designed to explore these theoretical constructs. Through this coding process,
it becomes evidence that the prompts vary in how they foreground the domain-specific (e.g., task,
course, career, degree) nature of SE and how they up spaces for students to reflect on the source
nature of SE. This alignment reinforces the idea that prompt design is not incidental to theoretical
exploration - it is a critical site where SE is constructed, negotiated, and made visable through
reflection.

While prompt design is often treated as a logistical or procedural step in qualitative research,
this study positions it as a core site of theoretical engagement. The alignment between the codebook

and the theoretical foundations of SE demonstrates that prompts are not merely neutral tools used
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to collect data—they actively shape what aspects of SE become available for reflection. The
language, focus, and framing of a prompt can guide students toward particular domains (e.g., task,
course, career) and sources (e.g., mastery experience, affective state) of SE, thereby influencing
what students attend to, how they make sense of their experiences, and what becomes visible in
their reflections. In this way, prompt design is a generative space where SE is not just measured
but constructed, negotiated, and surfaced. Treating prompt design as theoretically consequential
allows us to be more intentional in how we elicit reflections and, critically, in the kinds of claims
we can responsibly make about students’ beliefs and experiences.

By illuminating the relationship between prompt design and the theoretical foundations of SE,
the codebook underscores that the intentional crafting of prompts is not just a methodological
choice, but a theoretical one. This alignment gives researchers the language and structure needed to
identify how and where SE constructs are being engaged—whether at the level of domain, source,
or both. Ultimately, the codebook affirms that prompts are more than passive containers for student
reflection; they are active sites where theory meets practice, shaping both what students reflect on

and what researchers can meaningfully claim.

6.7.3 Individualized Daily Journal Prompts Extend Beyond Domain-Specific Self-Efficacy:
Including the Source-Nature of Self-Efficacy

In contrast to traditional instruments like ESM surveys—which are often used to capture
task-specific or course-level SE in real time—individualized daily journal prompts offer a comple-
mentary approach that expands the theoretical terrain researchers can explore. While ESM excels
at identifying fluctuations in domain-specific confidence within a given moment, it is typically
constrained to surface-level indicators of task, course, or career-level SE. The individualized daily
journal prompts, by comparison, enable reflection not only on these same domains but also on the
sources of SE (e.g., mastery experiences, affective states, social persuasion, and vicarious experi-
ences). This flexibility allows for a more holistic and theoretically grounded engagement with SE,
offering insights into how students interpret their experiences and construct their confidence across

multiple layers of academic life.
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This expansion is important because it illustrates the added value of daily journal prompts
as a methodological tool. While ESM captures the domain-specific dimensions of SE with high
frequency and granularity, individualized journal prompts make it possible to also explore the
source nature of SE—revealing the mechanisms behind students’ reported confidence. This finding
reinforces the value of prompt design not just as an act of reflection, but as a powerful way to
deepen our theoretical understanding of SE.

The codebook developed in this study makes this distinction visible by including codes that
capture both the domain (e.g., task, course, degree, career) and source (e.g., mastery experience,
vicarious experience, affective state, social persuasion) nature of SE. While the ESM survey is
limited to measuring the domain in which confidence is expressed, the codebook allows researchers
to identify why students might feel confident or uncertain—what experiences, emotions, or inter-
actions are shaping their beliefs. For example, a prompt asking a student to reflect on how they
felt after presenting a project may surface evidence of social persuasion or mastery experience,
even though the surface context remains task-level. In this way, the codebook operationalizes a
theoretical nuance that other tools may miss, offering a more layered understanding of SE.

This capacity to explore both the domains and the sources of SE underscores the unique
methodological and theoretical contribution of individualized daily journal prompts—offering
researchers a more textured and explanatory view of how SE is shaped in real-world academic

contexts.

6.7.4 Strengthening Theoretical Precision and Trustworthiness through Inter-Rater Relia-
bility (IRR)

In this study, inter-rater reliability (IRR) was not simply a procedural step to ensure consistency
in coding—it played a crucial role in shaping the theoretical application of SE constructs. Through
ongoing discussion and clarification, IRR helped refine the codebook, ensuring that the categories
were not only reliable but also theoretically precise. A key example of this came when the
team worked to distinguish between the "Influences on Context-Specific Confidence/Success" and

"Evaluation of Confidence, Skills, and Successes" codes, which revealed the different theoretical
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functions these codes serve in exploring SE.

The Influences on Context-Specific Confidence/Success code was developed to explore how
different domains of SE (e.g., task, course, career) relate to each other and influence students’
confidence within specific contexts. This code also captures how sources of SE (e.g., mastery
experience, affective states, social persuasion, vicarious experiences) might be prioritized or interact
differently depending on the domain being explored. For example, students may rely more on
mastery experiences when reflecting on academic tasks, but may draw more on social persuasion
when thinking about their future career. This broadens the scope of the code to not only look at
relationships between domains but also to explore the dynamic interplay between sources and their
varying influence in different contexts.

On the other hand, the Evaluation of Confidence, Skills, and Successes code focuses on
understanding how students evaluate their own SE by reflecting on their experiences and how they
prioritize different sources of SE (e.g., mastery experiences, affective states, social persuasion).
This code was built around the theoretical idea that different students may prioritize different
sources of SE when evaluating their confidence or abilities. It allows us to examine how students
process and interpret their own capabilities, based on how they assess information and use it to
evaluate their SE.

The IRR process was instrumental in clarifying these distinctions, ensuring that each code
was not only consistent in its application but also theoretically grounded. The discussions led to
refinements that enhanced our understanding of how each code serves to explore distinct dimensions
of SE—whether it’s exploring how different domains influence each other, how sources of SE
interact within those domains, or how students reflect on their sources of confidence and skills.

Rather than being a static task, IRR became an active tool for conceptual refinement, sharpening
the focus of the study and ensuring that the prompts didn’t just assess surface-level confidence but
also captured the nuances of SE—its sources, dynamics, and relationships. By requiring the team
to continuously revisit and refine the codebook, IRR ensured that the prompts were grounded

in a rich, theoretically informed framework, actively shaping what is made visible in students’
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reflections on SE. Thus, the IRR process in this study demonstrates that methodological rigor and
theoretical precision are inextricably linked. Ensuring the trustworthiness of the coding process
simultaneously strengthened the theoretical application of SE constructs, allowing for deeper and

more valid conclusions about how SE is explored through individualized journal prompts.

6.7.5 Limitations of Codebook

Although the codebook currently includes separate coding schemes for Contexts and Expe-
riences, it does not yet provide a framework for designing the individualized nature of the daily
journal prompts. Tailoring prompts to students’ ESM data and experiences requires thoughtful de-
cisions during data collection and utilizing students’ open-ended survey responses and previously
daily journal prompt responses has been valuable in this process. However, the codebook does not
currently outline specific tools or strategies for systematically tailoring prompts. Developing such
a framework would enhance methodological transparency and support a more systematic approach
to using daily journal prompts to explore students’ experiences and SE in greater depth.

The codebook does not yet provide a framework for how daily journal prompts specifically
complement the ESM survey data. In Chapter 5, our case study analysis outlined a framework for
identifying threads from the ESM survey data to follow up on in the daily journal prompts, shaping
how these prompts were written and tailored to students’ experiences. However, this paper does
not examine whether the daily journal prompts and their responses primarily serve to expand upon
the ESM survey findings, confirm observations from the ESM data, or introduce counterarguments
that challenge these findings.

Although the codebook includes the code ’Details and/or Feelings Regarding an Event’, it does
not fully capture the temporal aspect of the daily journal prompts. Additionally, while this code
accounts for prompts that ask students to reflect on their feelings, the level of specificity is critical.
Researchers often investigate the physiological states of participants by asking about their feelings
in relation to their confidence or abilities. However, not all prompts designed to explore the feelings
of participants are necessarily related to their physiological states. Similarly, I have previously

discussed the limitations of ’Interactions with Others’ and ’Comparison to Peers’.
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Furthermore, our ability to explore transfer experiences through daily journal prompts was
inherently limited by the scope of our participant pool. Because we only collected data from
students at bachelor’s degree-seeking institutions who had transferred from a two-year institution,
the types of prompts written to explore transfer experiences were shaped by this specific population.
Additionally, as discussed above, we excluded certain daily journal prompts from coding in this
study because they appeared to focus on validating aspects of the ESM survey data - such as how
students interpreted their task-specific SE scores or patterns in how they reported high versus low
scores and what those patterns might indicate.

Although this work provides an initial framework for examining the structure and content of
daily journal prompts, more work is needed to refine how prompts are designed, analyzed, and
linked to the ESM survey data. Addressing these limitations will enhance the methodological
transparency and depth of the SE exploration, ultimately strengthening our understanding of how

students reflect on their academic experiences in real time.

6.8 Conclusion

This study has explored the development and application of a codebook for analyzing individ-
ualized daily journal prompts as a tool for examining SE in academic settings. Through this work,
we have demonstrated how journal prompts, tailored to students’ lived experiences, can reveal the
multifaceted and dynamic nature of SE across various academic domains. By expanding the scope
of inquiry to include both the domain-specific and source-specific aspects of SE, this study offers a
more comprehensive framework for understanding how students’ confidence and self-beliefs evolve
throughout their academic journeys.

The key contribution of this research lies in its methodological innovation: the use of individ-
ualized journal prompts not only as a data collection tool but as an active mechanism for exploring
SE in real time. This approach allows for a deeper, more nuanced understanding of how students
interpret their experiences and construct their confidence in relation to specific academic tasks,
courses, and broader career goals. Moreover, the development of the codebook enables the system-

atic analysis of these prompts, offering a novel way to map the complex interplay between students’
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SE beliefs and their lived academic experiences.

As this work progresses, there are several key directions for future research. Expanding the
codebook to incorporate a more structured approach for designing tailored prompts, linking journal
responses with existing SE data, and further investigating the temporal dimensions of SE are
critical next steps. These efforts will deepen our understanding of how SE develops and fluctuates
in response to students’ academic activities and interactions. Additionally, exploring the role of
emotion and physiological state in these reflections, along with examining how these prompts align
with other tools like the ESM survey, will strengthen the methodological rigor and theoretical
precision of future SE research.

In conclusion, this study underscores the importance of methodological choices in shaping the
insights we gain into students’ SE. The iterative nature of the research process, the inclusion of
students’ voices, and the refinement of our approach to data collection all contribute to a more
robust exploration of how SE is constructed, negotiated, and sustained. As we continue to refine
and expand upon this work, we look forward to furthering our understanding of how personalized
prompts can empower students to reflect meaningfully on their academic experiences and cultivate

stronger beliefs in their abilities to succeed.
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CHAPTER 7

THE ROLE OF EVIDENCE IN LINKING QUANTITATIVE AND QUALITATIVE DATA
FOR VALID SELF-EFFICACY CLAIMS

This chapter extends the methodological and analytical work presented in Chapters 5 and 6 by
elaborating on how connections were made between quantitative and qualitative data in the study.
Specifically, it focuses on two core strategies for integration: the use of “following the thread” as
a method for linking insights across data sources, and the analytic role of joint displays, which are
introduced here for the first time to support the visualization of the linkages being made.

In answering these questions, I present an analytic framework for identifying and justifying
linkages across datasets, grounded in three distinct types of evidence. I also explore how the
direction of the analytic thread — whether beginning with survey data or individualized daily
journal reflections — impacted the interpretation and credibility of those connections. Ultimately,
this chapter gives transparency to the reasoning that shaped the integration of data and highlights the

methodological choices that supported or potentially limited the building of cross-source linkages.

7.1 Introduction

Mixed methods research holds the promise of offering deeper, more nuanced understandings
of complex phenomena by integrating quantitative and qualitative data (REF). Integration can be
thought of as the dialogue between the quantitative and qualitative strands, where each informs
and enriches the other [70]. This interplay is often regarded as the defining characteristic of mixed
methods research studies [13, 70]. Yet, the practical work of constructing meaningful linkages,
evidence that integration occurred, between data types is often hard to do in practice. While
some empirical studies describe how integration was implemented in specific research contexts
[112, 113], other works discuss integration in more abstract, theoretical terms [63, 69, 71]. For
researchers new to mixed methods research, like myself, navigating this divide and determining
how integration applies to one’s own work remains a critical and often daunting task.

Within this work, we present a mixed methods research approach that first collects Experience

Sampling Method (ESM) survey data — open- and closed-ended data gathered via survey — followed
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by individualized daily journal prompts and reflections. This design was chosen to explore students’
self-efficacy (SE) experiences in a manner that is closer to when those experiences are occurring.

Central to this work are two key research questions:

1. What does it mean to connect quantitative and qualitative data in this particular mixed

methods approach to exploring students’ SE?

2. How does one build linkages between quantitative and qualitative data in practice?

To answer these questions, I explore the methodological and interpretative work involved in
integrating these two data sources (i.e., data from ESM surveys and data from the individualized
daily journal reflections). In previous work (Chapter 5), I discussed the integration of “following
the thread”, which links ESM data and individualized journal reflections as I used the observations
from the ESM data sources together to form threads, and I followed up on these threads when writing
the individualized daily journal prompts. Here, I build upon that discussion by presenting specific
evidence from the ESM survey data and the journal reflections and explain why this evidence
supports the claim that these data sources are meaningfully linked. This leads to third research

question of this work:

3. What does it mean for our data to be meaningfully linked in the context of this mixed methods

approach?

Rather than presenting the production of this integration, this paper focuses on the process itself
— examining how we know the data can be linked to form an integrated “thread” and identifying
the types of the evidence that validate this link. Specifically, I present a typology of three evidence
types that were used to justify integration, along with examples of how each type shaped — or in
some cases constrained — the analytic process. I will show that the strength and direction of the
thread not only guided interpretation but also influenced the perceived credibility of cross-source

linkages.
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In doing so, this work contributes to the growing body of mixed methods literature that attends,
not just by discussing research design, but also by attending to the lived and interpretative labor of
data integration — highlighting the complexities of moving from distinct data sources to a coherent,

meaningful whole.

7.2 Bridging Traditions: Triangulation, Integration and Mixed Methods Thinking

Discussions of integration in mixed methods research are often rooted in earlier methodological
conversations about triangulation (Greene et al., 1989; Creswell and Plano Clark, 2018). Across
both qualitative and quantitative traditions, triangulation has long served as a strategy for increas-
ing credibility, validating findings, or uncovering deeper understandings of complex phenomena
(Denzin, 1978; Mathison, 1988). In qualitative research, triangulation may involve drawing on
multiple data sources, perspectives, or theoretical frameworks to enhance interpretive depth. In
quantitative work, it is often linked to measurement reliability or design validity through the use of
multiple indicators or instruments.

Greene, Caracelli, and Graham (1989) identified triangulation as one of five primary purposes
for using mixed methods, emphasizing convergence and corroboration through the comparison of
qualitative and quantitative findings [65]. While this framing positioned triangulation as a core
motivation for mixing methods, subsequent scholarship has questioned whether it fully captures the
breadth and potential of mixed methods inquiry. Some scholars argue that the term triangulation
has become overly associated with validation, which can obscure the broader purposes of inte-
gration—such as complementarity, expansion, and initiation [67—69]. Others have shifted toward
focusing on what researchers do with their data, emphasizing how the intent of the study (e.g., in a
convergent design) shapes the role of integration beyond mere confirmation (REF).

Within mixed methods research, triangulation is increasingly reimagined not solely as a means
of validation, but as a purposeful act of integration—bringing together distinct strands of data to
offer more layered or generative insights (Creswell and Plano Clark, 2018). This shift reflects a
move from viewing triangulation as a strategy for checking consistency to treating integration as

an interpretive process—one that can reveal tensions, open new questions, and deepen analytic
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insight.
The following section explores how integration has been conceptualized in the mixed methods
literature, the frameworks that guide its implementation, and the challenges of making integration

visible, transparent, and meaningful in practice.

7.3 Conceptualizing and Operationalizing Integration in Mixed Methods Research

While integration is often described as the defining feature of mixed methods research, what
it means to integrate - and how integration is achieved - varies across the literature (). At a broad
level, integration refers to the intentional process of bringing together qualitative and quantitative
strands of a study to generate insights that are more comprehesive, complex, or nuanced than could
be achieved by either approach alone (Creswell and Plano Clark, 2018; Fetters et al., 2015; Fetters
et al., 2017; Tashakkori and Teddlie, 2010). However, beyond this shared goal, scholars offer a
range of conceptual models and practical strategies to guide the work of integration in different
research designs (Creamer, 2020; O’Cathain et al., 2010; Fetters et al., 2013; Fetters et al., 2017;
McCrudden et al., 2021).

One of the earliest and most cited contributions to this conversation is Greene, Caracelli, and
Graham’s (1989) typology of five purposes for mixing methods: triangulation, complementarity,
development, initiation, and expansion [65]. Each purpose reflects a different orientation to inte-
gration—for instance, using one data type to elaborate on or clarify another (complementarity), or
seeking to provoke new lines of inquiry through the contradictions between strands (initiation). This
framework has been foundational in shifting integration away from a singular focus on validation
toward a broader set of interpretive and generative goals.

More recent scholarship has focused on how integration happens at the level of methods and
analysis. Fetters, Curry, and Creswell (2013), for example, offer three techniques for achieving
integration: merging, where qualitative and quantitative data are brought together during analysis;
connecting, where data from one strand inform the sampling or data collection of the other; and
embedding, where one type of data is nested within a larger design driven by the other [62]. These

approaches provide language and structure for operationalizing integration across different phases

204



of the research process.

One strategy that exemplifies Fetters et al.’s (2013) concept of connecting is the method of
“folloing a thread” - an approach in which a theme, concept, or case emerging from one data strand
is used to inform the inquiry in another (Moran-Ellis et al., 2006; O’Cathain et al., 2010). Rather
than treating datasets as parallel or static, this strategy treats integration as an evolving process of
analytic responsiveness, where insights gained from one method shape the questions, prompts, or
focus of the next. In doing so, “following the thread” highlights the dialogic and interpretive labor
of integration, supporting not just continuity across data sources but also deeper contextualization
of emergent patterns. “Following the thread” has been increasingly used in mixed methods studies
to support deeper integration across strands [73], emphasizing how a concept can be traced and
developed across time, method, or context. In my study, this strategy was central to how I connected
the responses of the ESM survey of the students to their individualized journal prompts, using the
initial quantitative and open-ended survey data to shape personalized reflection opportunities that
extended and complicated previous responses.

Despite these conceptual tools, researchers continue to grapple with the practical challenges of
integration. As Bryman (2006) and others have noted, integration is often discussed at the design
level but remains undertheorized and under-documented at the level of actual practice [74]. The
complexity of aligning data sources that differ in form, timing, and epistemological grounding
means that integration often involves substantial interpretative labor—work that is difficult to
capture in published write-ups but central to the credibility and coherence of a mixed methods
study.

In the following section, I build on these foundational frameworks to explore the specific
methodological and analytic work of integration in my own study. I focus particularly on how
integration was enacted between the ESM surveys and the individualized journal reflections, and

on the types of evidence that made those linkages visible, interpretable, and meaningful.
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7.4 Challenges in Integration in Practice

Despite the robust frameworks and conceptual tools for integrating qualitative and quantitative
data in mixed methods research, many researchers face significant challenges when attempting to
make integration meaningful in practice [66]. While integration is often discussed as a theoretical
ideal, the practical work of aligning, linking, and interpreting data from different methods can be
fraught with complexity [66].

One of the primary challenges is the visibility of integration. In many mixed methods studies,
the process of integration is implied but not always clearly documented. While the final product
may demonstrate how the qualitative and quantitative strands inform one another, the steps taken
to create this integration remain hidden in much of the literature [62]. This lack of transparency
can make it difficult for others to replicate or critically assess how integration was achieved, raising
concerns about the rigor and trustworthiness of the findings. Without explicit documentation of
how integration occurs, researchers may struggle to convince others that their approach is valid or
meaningful.

Another challenge is the timing and alignment of integration. At what stage in the research
process should integration occur? Should it happen during data collection, analysis, or interpreta-
tion? In some designs, qualitative and quantitative data are collected concurrently, while in others,
one data type may be collected first, followed by the other (Creswell and Plano Clark, 2018). The
challenge lies in ensuring that the data collected at different stages are aligned in a way that allows
for meaningful integration. For example, if qualitative data is collected after quantitative data, it
may be difficult to adjust the qualitative instruments or data collection methods to directly respond
to the patterns revealed in the quantitative phase. This misalignment can lead to difficulties in
ensuring that the integration is both intentional and coherent.

Perhaps the most significant practical challenge in integration is the interpretative labor involved
in synthesizing data from distinct methods and paradigms [66]. Quantitative data are typically
analyzed through statistical tools and focused on measurement, whereas qualitative data are often

more descriptive, seeking to capture rich, nuanced insights. The task of bringing these two forms of
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data together in a way that preserves the integrity of each while generating new, combined insights
is highly interpretive and requires careful analysis (Tashakkori and Teddlie, 2010). Researchers
must make decisions about how to “merge” or “connect” data [62], and these decisions often involve
subjective judgment calls about what constitutes meaningful integration.

The practical challenges of integration can significantly shape the way mixed methods research
is designed and executed. In the next section, I examine how these challenges are addressed
within the context of my study, particularly the integration of ESM data and individualized journal

reflections, and I provide a detailed look at how these two data sources were meaningfully linked.

7.5 How Integration is Operationalized in This Study

Building on the conceptual frameworks described above, this section outlines how integration
was enacted in this mixed methods study. As shown and discussed in previous chapters, the mixed
methods approach we have developed consisted of two primary data strands: (1) open- and closed-
ended responses collected through ESM surveys, and (2) individualized daily journal reflections
written by students in response to prompts informed by those surveys. Integration was not treated
as post-hoc interpretive exercise, but rather as a guiding methodological principle that informed
the design, data collection, analysis, and interpretation across the study.

The integration strategy in this work most closely aligns with Fetters et al.’s (2013) notion of
connecting, where one data strand directly informs the subsequent strand. Specifically, responses
gathered through the ESM surveys - particularly the open-ended survey items and the task-specific
SE ratings - were used to develop individualized daily journal prompts for each participant. These
personalized follow-ups invited students to elaborate, reflect, or complicate their earlier ESM
responses, thereby extending the inquiry in a wy that was both timely and tailored. In this way,
integration began during data collection and continued through analysis, as insights were traced
across moments, methods, and contexts.

A central tool in enacting this integration was the strategy of “following a thread” [69, 72,
73], which provided a flexible but focused way of linking data across sources. In this approach,

a concept, theme, or question emerging from the ESM data was used to guide the content of a
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student’s subsequent journal entry, forming a kind of analytic throughline or “thread” across the
dataset. This not only created a sequenced connection between data points, but also offered an
interpretive bridge - making it possible to examine how students’ SE experiences developed across
time and contexts, and across quantitative and qualitative modes of expression.

To ensure that these connections were not simply assumed, and to make the logic of integration
visible and credible to others, this study draws on Zhou and Wu’s (2022) framing of integration
as both a process and a product. In their discussion of mixed methods validity, Zhou and Wu
emphasize that the quality of integration should not be treated as a static outcome, but rather as an
evolving argument built through empirical evidence. Drawing parallels to Messick’s (1989) and
AERA/APA/NCME’s (1999) definitions of validity in assessment, they argue that “integration is
the property that indicates the quality of mixed methods research from an ontology perspective;
whereas collecting evidence for integration is an ongoing process of developing a scientifically
sound integration argument to support the value and quality of mixing different types of data in
a single study” (Zhou and Wu, 2022). In this view, integration requires more than a conceptual
intention to mix — it demands that researchers provide concrete, transparent, and theoretically
grounded evidence that the integration achieved is meaningful, purposeful, and adds value to the
understanding of the phenomenon under study.

In the next section, I walk through how I went about collecting and articulating this evidence
of integration. Specifically, I introduce a typology of three distinct evidence types that supported
the identification and validation of analytic threads across ESM surveys and individualized journal
reflections. These evidence types did not simply justify integration in general terms—they were
the means through which integration happened. That is, following a thread involved recognizing
moments where data sources meaningfully intersected, and those intersections were made visible,
interpretable, and credible through the accumulation of evidence. This typology therefore func-
tioned as a methodological scaffold for determining when a connection between data sources was
not only plausible, but also analytically productive. Through concrete examples, I demonstrate

how different forms of evidence helped build and sustain specific threads, and how these threads
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ultimately shaped the claims I make about students’ SE experiences and the added insight that

emerged through this integrated approach.

7.6 Methods: Operationalizing Integration in Practice

This section outlines the methodological decisions that supported the integration of the quan-
titative and qualitative data sources and data in this study. Specifically, this work describes the
explanatory sequential mixed methods design, the collection and organization of the ESM survey
and individualized daily journal reflections (i.e., the prompts and the responses), and the analytic
and interpretative strategies used to develop meaningful linkages across these data sources and data.
In doing so, this work lays the foundation for understanding how integration was made visible and

analytically generative in the subsequent stages of the research.

7.6.1 Study Design Overview

This study used an explanatory sequential mixed methods design in which students’ SE expe-
riences were explored in real time through daily ESM surveys, followed by individualized daily
journal reflections. The ESM surveys, which included both closed- and open-ended survey items,
were designed to capture momentary fluctuations in students’ SE throughout the day. Individualized
daily journal prompts were written to support the ESM data as well as to explore the theoretical
foundations of SE (as shown in Chapter 6), asking the participants to reflect deeply on key patterns,
tensions, or moments observed from their ESM survey responses.

This design was chosen for its potential to balance immediacy and reflection, with the ESM
providing snapshots of SE in action and the journals offering space for further exploration of their
SE. The interplay between these two forms of data collection allowed the emergence of “analytic
threads” that could be traced across sources — threads that would later serve as the basis for
integration strategies detailed in the analysis.

7.6.2 Participants and Context

This work draws on the Fall 2021 iteration of using our mixed methods approach. Participants

in this iteration were undergraduate students enrolled in STEM-related courses as at a large public

research university. As a part of the selection criteria, students were chosen to participate in the
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study if they had at least one or more credits transferred from a community college and/or identified
as a first-generation college student. Approximately 18 students started the study and participated
to some extent during the first two weeks of the data collection, with data from 15 students included
by the end of the study after accounting for those who dropped out or had limited participation.
They were asked to participate in this mixed methods study for four weeks, with a week-long break
between the first two weeks of consecutive data collection and the last two weeks of consecutive
data collection.

For the context of this work, we drew on data from five students—Cristina, Jane, Ted Brown,
Yay, and Charlotte (pseudonyms chosen by the students). One key integration strategy in this
study involved linking ESM data with individualized daily journal reflections, drawing on the fact
that both data sources were tied to the same student. This approach enabled more cohesive and
meaningful integration across data types. Cristina, Jane, and Ted Brown were selected due to their
overlap with the work presented in Chapters 5 and 6, while Charlotte and Yay were included based
on the broader mixed methods project’s needs and the analytic focus developed in collaboration
with the postdoctoral researcher. These students supported the first step in our analytic process of
linking ESM survey data and individualized daily journal reflections.

In the next phase of the analytic process of examining in more depth the types of integration
evidence, we narrowed our focus to Ted Brown and Jane, whose data offered particularly strong
opportunities to examine integration in depth. Ted Brown’s journal responses were especially rich,
prompting the development of more tailored prompts during data collection. Jane’s data had been
used extensively in previous analyses (Chapters 4, 5, and 6), making her a natural continuation
point for this phase of the study. Her case continues to offer promise for future, more focused case
study work on SE using this integrated approach.

7.6.3 Data Collection Procedure

ESM Surveys. Participants received one survey four times per day across four designated time

windows. The survey was designed to measure the domain-specific nature of SE. The full survey

instrument can be found in Appendix ??. This format generated high-frequency, real-time data that
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captured both quantitative trends related to domain-specific measures of SE and qualitative cues
about the unfolding experiences participants were engaged in when rating their task-specific SE.
Individualized Daily Journal Prompts.The research team—including myself—collected and
reviewed ESM survey responses daily to inform and craft individualized daily journal prompts.
Participants were signaled to complete their journal entries in the evening. These prompts were
designed to probe emerging threads (as discussed in Chapter 5) observed in the ESM data. This ap-
proach supported responsive reflection, allowing participants to deepen and contextualize moments

of significance that surfaced through their ESM responses.

7.6.4 Designing for Integration: Following the Thread

A key integrations strategy in this design was the method of “following thread” (Moran-Ellis
et al., 2006; O’Cathain et al., 2010; Dupin and Borglin, 2020), in which observations from one
data source (e.g., a spike in reported SE in the ESM) prompted targeted inquiry in the next (e.g., a
journal prompt seeking explanation, elaboration, or confirmation). Rather than treating the ESM
and journal reflection data as parallel or post hoc datasets, the approach actively used one to shape
and contextualize the other (as seen in Chapter 5).

This process made integration iterative and dialogic - data were not only collected sequentially
but interrogated across sources, with the goal of building threads of interpretation that could trace
the evolution of SE experiences across time and format.

Linking Data Sources Linkages between ESM and journal data were not assumed, but were

constructed and validated through analytical decisions. These included:
* Temporal proximity (e.g., journal entries directly responding to same-day ESM data),
* Thematic alignment (e.g., recurring language or concepts across data types),

* Participant sense-making (e.g., students explicitly referencing earlier ESM experiences in

journal responses),

* Contradictions (e.g., moments where journals complicated or challenged what was reported

in the ESM surveys).
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As I built these threads from the ESM and journal data, I became increasingly aware of the
specific kinds of evidence I was drawing on to justify integration. This process clarified which
data sources—outlined in Table 7.1—I was using to claim that integration had occurred. That
awareness contributed directly to the development of a typology of evidence types for integration,

which is elaborated in the following section and operationalized in the analytic framework used for

interpretation.
Data Source \ Data
ESM Task Open-Ended Survey Item ESM Task Open-Ended Survey Item Response
ESM Course Open-Ended Survey Item ESM Course Open-Ended Survey Item Re-

sponse
ESM Closed-Ended Task-Specific SE Survey | -
Item Language
ESM Closed-Ended Task-Specific SE Survey | - ESM Closed-Ended Task-Specific SE Survey
Items Item Responses

Individualized Daily Journal Prompt Individualized Daily Journal Prompt Response
Individualized Daily Journal Prompt Language | Individualized Daily Journal Prompt Response

Table 7.1 Overview of the primary data sources and the corresponding participant data used to
support integration across the ESM Surveys and the Individualized Daily Journal Reflections.

7.6.5 Analytic Process for Identifying the Typology of Evidence Types

The development of the typology of evidence types emerged from an earlier phase of analytic
work, in collaboration with a postdoctoral researcher. At that time, we were exploring whether the
direction in which we attempted to link the ESM survey data with the individualized daily journal
reflections impacted the kinds of linkages we were building.

The postdoctoral researcher began with the individualized daily journal reflections—examining
both the prompts and students’ responses—before identifying relevant connections in the ESM
data. I, on the other hand, began with the ESM survey responses and worked toward linking them
to the journal reflections. We each recorded the linkages we identified in a shared Google Sheet,
where each row represented a single instance of integration between data sources.

Conceptually, we did not expect the starting point to matter. Because the underlying data

remained constant, we assumed that we would arrive at similar linkages regardless of which
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source we began with. However, as I began examining the table more closely, I noticed subtle
but meaningful differences in how linkages were constructed depending on the analytic direction.
These differences were not only in the content of the connections but also in the strength, clarity,
and interpretive distance between the two data points.

This observation led me to a deeper reflection on how connections between data sources were
being justified. Some linkages felt grounded in clear thematic or temporal continuity, while others
relied more heavily on inference or interpretation. To make these distinctions more explicit—and
to create a framework that could guide and support future integration work—I began developing
a typology of evidence types. This typology became a key methodological tool, offering both
structure and transparency in the analytic process and allowing me to more rigorously evaluate the
credibility of each linkage.

Thus, the next stage of my analytic process involved taking a deliberate pause to articular the
kinds of “evidence” I was relying on to justify the linkages built between ESM survey responses
and individualized daily journal reflections. I returned to the linkage table in the shared Google
Sheet and began examining each entry — scrutinizing the specific components of both the ESM data
and the individualized daily journal reflections that were being used to establish a connection.

As I worked through these linkages, I began to notice recurring patterns: certain types of
information, phrases, or alignments appeared repeatedly in my reasoning. These patterns pointed to
distinct forms of evidence that I was drawing on — sometimes implicitly — to claim that a meaningful
relationship existed between the two data sources. Recognizing this, I began developing a typology
to name and organizes these evidence types, with the goal of making my analytic decisions more

transparent and consistent.

7.7 Approach to Integration: Constructing Linkages Between the ESM Surveys and Indi-
vidualized Daily Journal Reflections

This section bridges the methodological and analytic components of the study by examining
how quantitative and qualitative data were meaningfully integrated in the analysis of students’

SE experiences. Rather than presenting findings from the ESM surveys and journal reflections
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in parallel, I focus on the interpretive labor of integration—how threads of meaning were traced
between these two data sources to construct coherent analytic insights.

Two key strategies guided this integrative process. First, I employed the technique of “following
the thread” (Moran-Ellis et al., 2006), using participants’ ESM responses to generate individual-
ized journal prompts that deepened, clarified, or complicated their earlier responses. This approach
enabled near real-time, sequential connections to emerge and supported the identification of the-
matic or conceptual continuities across data types. Secondly, while initial versions of this analysis
employed joint displays (REF) to organize and visualize data integration, I present the examples
below in narrative and side-by-side form to foreground the interpretive movement between sources.
This approach emphasizes the analytic logic that guided integration, rather than relying solely on
visual juxtaposition.

To ensure the credibility and transparency of these connections, I constructed a typology of
three evidence types that justified when and how data sources were linked. These evidence types
served as methodological scaffolding for the analytic process, helping to distinguish stronger, more
grounded connections from those that were interpretively tentative or exploratory.

The Results section will be present the typology of the evidence types that supported data
integration, in which around each typology we will outline its’ description, discuss why this kind
of evidence is a valid sign of integration between the ESM surveys and the individualized daily
journal reflections, and then follow up with example of using the evidence to show evidence around

whether to integrate the ESM surveys with the individualized daily journal reflections.

7.8 Results

The goal of this section is not to present an exhaustive list of all possible types of evidence that
could support linkages between ESM surveys and individualized daily journal reflections. Rather,
the focus is on demonstrating how specific elements—such as task-specific SE item responses,
numeric scores, or the language embedded in those items—can function as evidence to support
integration across sources.

To be clear, the three evidence types described below do not represent the full range of ways
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these data sources might be linked. Instead, they reflect the types of evidence that most meaningfully
supported the analytic work in Chapter 5. These forms of evidence were especially generative in
helping to “follow the thread” across data points, and they frequently served as the foundation for
identifying continuity, divergence, or elaboration in participants’ experiences.

Importantly, the presence or absence of a particular type of evidence should not be read as a
binary indicator of whether integration is possible. Rather than assuming that linkage depends solely
on pre-defined types of evidence, the analysis emphasized alignment and non-alignment between
the ESM and journal data. These terms - alignment and non-alignment - allow for interpretive

nuance, acknowledging both convergences and dissonances as meaningful analytic moments.

7.8.1 Typology of Evidence Types Use for Integration

Evidence Type: Alignment Between the Temporal of the ESM Surveys and the Individualized
Daily Journal Reflection

One key aspect of integration between the ESM surveys and individualized daily journal
reflections lies in the temporal alignment between these data sources. This evidence type refers
to the way journal prompts are designed to either probe ESM responses from the same day or
revisit ESM data from a previous day. The timing of both the surveys and the reflections creates
an opportunity to explore shifts in SE, either immediately after the ESM survey or through more
delayed reflective prompts.

In some cases, journal prompts are written to directly probe the responses from the ESM survey
completed earlier that same day. These prompts invite students to elaborate on their SE ratings,
uncovering the underlying reasons behind their confidence or uncertainty at that specific moment.
This alignment between the ESM survey and journal reflections on the same day allows for a deeper
understanding of how students perceive and articulate their SE in real time.

In other cases, journal prompts may be written on the following day, encouraging students
to reflect on their experiences from the previous day, including their ESM responses from that
day. Here, the alignment is less about strict temporal overlap and more about allowing students

to revisit or reconsider their SE ratings with the benefit of additional time and reflection. This
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retrospective reflection provides a more nuanced understanding of SE as students may see their
confidence differently after having had time to process the experience.

Additionally, some journal prompts were designed to encourage broader reflections on SE,
such as experiences over the past week or month. These prompts might not align directly with
any specific ESM survey response but still offer valuable insight into students’ evolving SE over a
longer period. While these broader reflections don’t have a clear one-to-one correspondence with
the ESM data, they offer a larger view of how SE develops across various time frames, helping to
situate individual ESM responses within a broader context of the student’s lived experience.

The integration of the ESM survey data with individualized journal reflections—whether tem-
porally aligned or not—serves to deepen the understanding of students’ SE. Temporal alignment and
non-alignment both offer unique insights into how SE is experienced, interpreted, and reinterpreted
over time. The ability to track shifts in SE through these reflective practices makes this integration
a powerful tool for understanding how SE develops in real-world contexts, providing richer, more
dynamic data than could be captured by either the quantitative or qualitative data sources alone.

This evidence type is a valid sign of integration because it allows us to track evolving perceptions
of SE over time. The ability to reflect on a given day’s SE data through journal prompts written
immediately or the following day highlights both continuities and changes in students’ beliefs about
their abilities. By exploring both immediate reflections (same-day prompts) and more delayed
retrospections (reflecting on experiences from the overall week or month), we gain insights into
how students’ SE may be shaped by ongoing experiences and changing perspectives. This form
of integration provides a dynamic and evolving picture of SE, where non-alignments are just as
informative as alignments, offering critical moments for analysis and interpretation.

Example of Temporal Alignment:

An example of identifying an alignment between the temporal aspect between an ESM survey
response and an individualized daily journal reflection is given below.
Student’s ESM Survey: Week 3, Day 4, Notification #55

Corresponding Daily Journal Reflection for Week 3, Day 5 Reflection:
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* Prompt: "Yesterday, in the app, you told us you were working on [modern physics] home-
work, and today, in the app, you told us you were working on [modern physics] homework.
We noticed that you indicated you were feeling less successful on your [modern physics]

homework. Can you tell us what caused this shift?"

* Response: When I was working on the homework the first day what made the biggest
difference is that I only focused on the ones that I could do for sure, because we had not yet
covered all of the content in the class yet. So where I struggled, I assumed it was because
we had not covered it yet. So when I was working on it today, where my lass class for this
lesson was yesterday, I had left a couple of problems yesterday that I did actually have the

knowledge for in the past days but were just really trick to do.

In this example, the temporal alignment between the ESM survey response and the individual-

ized daily journal reflection can be identified in several ways:

* Timing and Sequence: The ESM survey response was collected on Week 3, Day 4, and
the corresponding daily journal reflection was written on Week 3, Day 5. This reflects the
temporal proximity between the two sources of data, suggesting that the journal prompt is
probing the student’s experience shortly after completing the ESM survey. The sequential
nature of the data collection process strengthens the connection between these two moments

in time.

* Language in the Prompt and Response: In the journal prompt, the phrase “Yesterday, in the
app, you told us...” is a clear indicator that the student is being asked to reflect on their
experience from the day prior (Week 3, Day 4). This explicit reference to “yesterday” directly
links the journal reflection to the ESM survey data from that day. Furthermore, the student’s
response, using the language “the first day,” further grounds the experience in Week 3, Day

4, connecting it back to the ESM survey.
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* Temporal Elements in the Student’s Reflection: The student’s response also provides ad-
ditional temporal language, such as “the first day” and “today.” These references support
the alignment between the ESM survey data from Week 3, Day 4 and the journal reflection
from the following day (Week 3, Day 5). The student’s use of temporal language in their
reflection helps reinforce that they are reflecting on their experience from the previous day

while drawing on more recent insights gained the following day.

By examining both the timing of data collection and the explicit temporal language used in both
the prompt and the student’s response, we can identify a clear alignment between the ESM survey
data and the individualized daily journal reflection. This alignment underscores the connection
between the student’s SE rating from the ESM survey and their reflective processing of that
experience the next day.

This example demonstrates temporal alignment because the journal reflection is directly ad-
dressing the ESM survey response from the previous day. The alignment is marked by both the
timing of the data collection (Week 3, Day 4 vs. Week 3, Day 5) and the temporal language used in
both the prompt (“Yesterday, in the app, you told us...”) and the student’s response (“‘the first day”).
These temporal markers help to link the ESM survey data with the journal reflection, underscoring
the student’s SE rating from the ESM survey while also offering insight into how that SE was
processed and reinterpreted through reflection on the following day.

Example of Temporal Non-Alignment:

An example of identifying a non-alignment between the temporal aspect between an ESM
survey response and an individualized daily journal reflection is given below.

Student’s ESM Survey: Week 2, Day 2 Notification #27; Open-Ended Task Item Response:
Reviewing how to model ODE for my [computational modeling course] in-class assignment for
tomorrow; Open-Ended Course Item Response: [computational modeling course]

Corresponding Daily Journal Reflection for Week 2, Day 2 Reflection:

* Prompt: Tell me a story about the last week or today where someone said something that
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encouraged or discouraged you. What were you doing? What did they say?

* Response: Last week in [computational modeling course] someone said something that
encouraged me that I was doing a good job in class. We had recently gotten new groups to
work with in class for the in-class assignments and I was just getting to know these people. A
person who had missed the last couple of classes had now joined our group for the first time
and we were catching up on things. We were talking about our coding skills and that no one
had any past experiences. One person in the group questioned that I did not have any past
experiences because he said that I seemed to already understand all the stuff that we were
doing. This encouraged me that I was doing well on the in-class assignments and has been a

piece of motivation for me when working on these projects and so what.

Although the ESM survey and the individualized daily journal reflection were both collected on
Week 2, Day 2, this example illustrates temporal non-alignment due to the time frame the journal
reflection is referencing. The prompt asks students to describe an event from “the last week or
today,” giving them the flexibility to reflect on experiences that occurred outside the immediate
time frame of that day’s ESM data.

The student explicitly chooses to reflect on a moment from “last week,” as indicated by the
temporal marker in their journal response: “Last week in [computational modeling course]...” This
means that while both data sources were collected on the same day, the student’s reflection does
not correspond directly to the SE experience captured in the ESM response. Instead, it draws from
a past experience for which no ESM data may exist, creating a non-alignment in temporal focus.

This type of non-alignment is analytically meaningful. It highlights how journal prompts
designed to elicit broader reflection may surface experiences and meaning-making not captured by
time-anchored survey instruments like ESM. These reflections still contribute valuable context and
insight into a student’s evolving SE but do so without offering a direct link to the corresponding
ESM data point.

These examples illustrate how temporal alignment and non-alignment can function as mean-
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ingful evidence for linking ESM survey responses with individualized journal reflections. While
alignment provides opportunities to track immediate changes in SE, non-alignment surfaces broader
reflective insights that may not be captured in real time but still inform our understanding of students’
evolving SE experiences.

Alignment Between Open-Ended Task Item Response and Individualized Daily Journal
Prompt Response

Evidence Description: This evidence type focuses on whether the content of the open-ended
task item response on the ESM survey aligns conceptually or thematically with the student’s
individualized daily journal prompt response. The alignment here is identified when both sources
describe or refer to the same academic task, activity, or experience, either by name (e.g., “physics
quiz”) or by context (e.g., studying, working on an assignment).

Analytic Reason: Why is this a valid sign of integration? When a student reflects on the
same academic task across both the ESM survey and the journal response, it allows for a deeper
interpretive connection to be made between what they were doing (task) and how they were
experiencing it (SE, emotion, confidence, etc.). This type of alignment is valuable because it lets
the analysis trace how students’ real-time experiences (ESM) are expanded upon, complicated, or
reinterpreted through reflective writing, creating a richer, more integrated understanding of SE in
context.

Example of Alignment:

Student’s ESM Survey Open-Ended Task Response: Studying for my physics quiz

Corresponding Daily Journal Prompt Response: When I was taking my quiz today I went
through a range of emotions. Starting all the way back to when I was studying this morning and
walking to class to take the quiz I did not feel very worried at all. I felt calm and confident in
myself that I would do well on this quiz, like I have for the past 5 weekly quizzes. Yet, when I had
sat down in the lecture hall and overheard people discussing around me...

In this example, both the ESM task response and the journal reflection clearly center around

the same academic experience — preparing for and taking a physics quiz. The student uses their
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journal to revisit and narrate the same moment referenced in the ESM data, elaborating on how
their SE experience evolved from studying to sitting for the quiz. This direct alignment enables the
researcher to track shifts or consistencies in the student’s SE within a continuous learning episode.

Example of Non-Alignment:

Student’s ESM Survey Open-Ended Task Response: My [computational modeling course label]
preclass assignment for tomorrow.

Corresponding Daily Journal Prompt Response: Last week in [computational modeling course
label] someone said something that encouraged me that I was doing a good job in class. We had
recently gotten new groups to work with in class for the in-class assignments and I was just getting
to know these people. A person who had missed the last couple of classes had now joined our
group for the first time and we were catching them up on things. We were talking about our coding
skills and that no one had any past experiences. One person in the group questioned that I did not
have any past experiences he said that I seemed to already understand all the stuff that we were
doing. This encourage me that I was doing well on the in-class assignments and has been a piece
of motivation for me when working on these projects and so what.

Although both sources reference the same course, the task content is not aligned. The ESM
response focuses on a preclass assignment due tomorrow, while the journal reflection recounts a
social interaction from the previous week during in-class group work, focusing on the in-class
assignments instead. While both entries relate to the broader experience of learning in the course,
they do not describe or interpret the same task or academic moment. This lack of alignment
suggests that the student’s journal reflection is drawing on a different memory or experience than
the one captured in the ESM response.

Alignment Between Task-Specific Self-Efficacy Item Language and Individualized Daily
Journal Reflection

Evidence Description: This evidence type examines whether the language and constructs used
in the ESM survey’s task-specific SE items (e.g., perceived skill, control, success) are mirrored

or directly referenced in the individualized daily journal reflections. This alignment is about
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conceptual echoing: students use language or ideas from the ESM questions in their reflective
writing, creating a bridge between the survey-based constructs and their own narrative expressions
of SE.

Analytic Reason: Why is this a valid sign of integration? This type of alignment reflects
conceptual integration across data sources. When students draw on the phrasing, structure, or logic
of the ESM SE items in their journal responses, they are actively engaging with the constructs the
ESM seeks to measure. It suggests that the prompts are not only eliciting surface-level responses,
but are shaping how students think and talk about their experiences—creating a shared interpretive
frame. This supports the validity of using both sources together to build a cohesive understanding
of students’ SE development.

Example of Alignment

Task-Specific Self-Efficacy Survey Items: (1) How skilled are you in the activity?, (2) Do you
feel in control of the situation?, (3) Are you succeeding at what you are doing?

Corresponding Daily Journal Reflection:

* Prompt: Looking back on today could you give us a specific example of a success that you

were thinking of when answering the questions on the app?

» Response: One example of a success today was, going back to the [computational modeling
course label] honors project, figuring out a full plan of what topic I want to do my project
on and the steps/data [ am going to use to successfully do it. I have been a bit anxious about
the project because when I have been looking through the examples, no unique idea stood
out to me of what I wanted to do. Yet, this morning I was able to take a topic I brainstormed
and make it both much more of my own and applicable to the project’s goals. This was an
important success to me today because I have been worried that I would not be able to find a

solid topic and that would up hurting me when I will start to actually code my project.

In this example, the prompt itself begins by drawing on the language of success, mirroring the

third task-specific SE item (“Are you succeeding at what you are doing?”’) through the phrasing:
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“example of a success that you were thinking of when answering the questions on the app.” The
student then picks up this language in their response: “One example of a success today was, going
back to the [computational modeling course] honors project...” They go on to describe this success
in detail, emphasizing its personal importance and weaving in SE-relevant language (e.g., “not
able to find a solid topic”) to contextualize their growth. This alignment demonstrates how the
journal reflection builds directly from the construct of task-specific SE introduced by the ESM item,
allowing the student to expand on the idea of “success” through reflective elaboration.

Example of Non-Alignment

Task-Specific Self-Efficacy Items: (1) How skilled are you in the activity?, (2) Do you feel in
control fo the situation?, (3) Are you succeeding at what you are doing?

Corresponding Daily Journal Reflection:

* Prompt: Yesterday it stood out to us that your confidence in your abilities in [honors research
course] was notably higher. Could you tell us what was happening yesterday? What were

you doing? Who were you working with? What impacted your sense of confidence?

* Response: What made my confidence get much higher in that course was a combination of
two things. One of them was that for an assignment that I was given for the research project
I went above and beyond of what was asked of me and did more than just look at some of
the data that I was given but I made a full power point presentation about my analysis and
conclusion off of this. The second point that gained me confidence from this was that my
research mentor was very impressed and made a point to compliment many specific details
about both me even putting together a presentation and also how I set it up overall. This all

made me gain a lot of confidence in myself and in my work.

Although the reflection is rich in SE content — particularly around confidence—the language
and framing are not directly linked to the task-specific item structure from the ESM survey. The
student reflects on their success and recognition from others, but the concepts of skill, control,

or success as defined by the ESM are not explicitly echoed. This reflects non-alignment at the
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construct level, even though both sources relate to similar themes. The journal stands more as an

independent narrative rather than a direct continuation of the ESM items’ framing.

7.9 Discussion

This study aimed to explore the integration of ESM surveys and individualized daily journal
reflections in understanding students’ SE experiences. Specifically, the research sought to address
three key questions:

(RQ1): What does it mean to connect quantitative and qualitative data in this particular mixed
methods approach to exploring students’ SE?

(RQ2): How does one build linkages between quantitative and qualitative data in practice?

(RQ3): What does it mean for our data to be meaningfully linked in the context of this mixed
methods approach?

The results of this study demonstrate that these questions were addressed through showing a
detailed examination of the integration process between the ESM survey data and the individualized
daily journal reflections.

To answer the first question, I examined how the quantitative data from the ESM surveys and the
qualitative data from the individualized journal reflections could be meaningfully connected. This
was achieved by identifying several typologies of evidence, which can be more broadly summarized
as temporal alignment, content alignment, and language alignment, that served as the backbone for
linking these data sources.

In response to the second research question, the process of building linkages between data
sources was originally articulated through the “following the thread” approach described in Chapter
5. In that approach, specific ESM responses were used to generate individualized journal prompts,
allowing for a direct, participant-centered connection between quantitative and qualitative data
points. This study extends that work by not only tracing these threads between specific data
moments, but also by examining how the nature of the data produced—through both the ESM
responses and the journal reflections—can support different kinds of interpretive linkages. In

doing so, the analysis moves beyond simply connecting one data source to another and begins to
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articulate how the quality and character of the evidence across sources shapes the way those threads
are followed and understood.

The third research question was addressed by demonstrating that the data could indeed be
meaningfully linked, albeit not always in a straightforward or binary manner. Instead of assuming
a direct connection between the data sources, I highlighted the nuanced moments of alignment and
non-alignment, showing that both convergences and dissonances provided rich analytical insights
into students’ SE experiences. With these research questions addressed, the discussion now turns

to the implications of these findings and suggestions for future work.

7.9.1 Connecting the Process of ‘“Following the Thread” to Evidence Types

One of the central contributions of this work is the novel approach of linking the “following the
thread” method (Moran-Ellis et al., 2006) with a typology of evidence types. This dual approach
offers a structured yet flexible framework for integrating quantitative and qualitative data. By
outlining three distinct types of evidence that support integration—such as temporal alignment,
alignment with the task-opened survey item, and alignment with the language of the task-specific
SE items—this study adds clarity to the often murky process of determining when and how to
meaningfully connect data from different sources.

This contribution is significant because it extends the idea of “following the thread” beyond
a heuristic method to a methodological tool that can be applied in other mixed methods research
contexts. The typology provides a systematic way of understanding how these different strands of
data can interact, enriching our analysis and ensuring that connections are not only intuitive but
also well-justified with specific evidence.

In doing so, this work also provides practical guidance on how to track, evaluate, and substantiate
cross-source connections, addressing a critical gap in the mixed methods literature where integration

is often discussed in theory but not always operationalized in practice.

7.9.2 Clarifying the Relationship Between Threads and Linkages
As I reflect on the analytic process and the methodological choices made in this study, I

recognize an important conceptual distinction that remains in development: the difference between
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a thread and a linkage. While the two are often used interchangeably in this work, I believe they
represent different stages or elements of the integration process.

A thread, as conceptualized here, begins during data collection — particularly when following
the process outlined in Chapter 5, where individualized daily journal prompts are constructed based
on students’ earlier ESM responses. A well-constructed thread is intended to elicit a meaningful
continuation or complication of an earlier experience, ideally resulting in a strong foundation for
these data sources and data to be integrated in the analysis state of the study.

In contrast, a linkage refers to the product of the integration process — the analytical connection
made between an ESM data point and a daily journal reflection. In this sense, a thread is a
potential pathway to a linkage, but not all threads may result in successful or justifiable linkages. A
thread becomes a linkage when it is successfully followed through and supported by evidence that
integrated was produced during the analysis.

At this stage in the work, we were not always able to clearly distinguish between these concepts
in practice, in part because this study represents an early iteration of our efforts to trace and
evaluate the connections systematically. Future work should further interrogate the relationship
between threads and linkages, both conceptually and methodologically, to more fully articulate the
mechanics of integration and to refine how we design and analyze studies using mixed methods in
this way.

7.9.3 Investigating the Interaction of Evidence Types in Self-Efficacy Research

This study provided valuable insights by examining individual evidence types, but several
important areas for future research remain. Specifically, while the current work explored each
evidence type in isolation, future studies could focus on how different evidence types interact and
build upon one another when integrating ESM surveys and individualized daily journal reflections.

One key avenue for future exploration would involve considering how various evidence types—such
as temporal alignment, conceptual congruence, or task-specific SE language—work together to form
a more nuanced understanding of how SE is experienced and represented. It would be useful to

investigate whether certain combinations of evidence types more strongly suggest a valid link
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between ESM surveys and journal reflections, thus informing researchers about which types of
evidence are most effective in constructing a coherent narrative of SE.

Furthermore, the interaction between evidence types could be studied in relation to alignment
and non-alignment between the data sources. How do alignments and non-alignments between
different typologies of evidence—whether temporal, conceptual, or task-based—shape the inter-
pretations we make about SE? For instance, an alignment between task-specific language in both
the ESM and journal reflections might strengthen claims about how students experience SE in
academic contexts. Conversely, non-alignments—where discrepancies or contradictions between
the data sources emerge—may highlight complex, evolving experiences of SE that deserve closer
attention.

The way these evidence types work together, or do not, has significant implications for the
kinds of claims that can be made about SE in future studies. If certain patterns of evidence
consistently suggest a more integrated view of SE, researchers may be able to develop stronger,
more grounded theories of SE that account for the dynamic and multifaceted nature of student
experiences. Moreover, exploring the impact of these different types of evidence on the integration
process could further illuminate how mixed methods approaches can be optimally employed in
SE research, ultimately contributing to more robust and context-sensitive understandings of SE
development.

In sum, while this study laid the groundwork for understanding how to integrate different data
sources to explore SE, future work should focus on investigating how combinations of evidence
types may better support or complicate the integration process. By addressing these questions,
researchers can develop more comprehensive strategies for linking qualitative and quantitative data,
and gain deeper insights into how SE unfolds across multiple contexts.

7.9.4 Limitations

While this study provides important insights into the integration of ESM surveys and indi-

vidualized journal reflections in exploring SE, one of the primary limitations is that the analysis

focused primarily on a specific set of evidence types, without exhaustively exploring all potential
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types that could arise from the combination of ESM surveys and daily journal reflections. Each of
the evidence types explored in this study performs distinct conceptual work in examining SE. For
example, the alignment or non-alignment between task-specific SE items in the ESM survey and
their mirrored language in the daily journal reflection (prompt and response) serves to investigate
the domain-specific nature of SE through the ability to explore task-specific aspects of SE. In
contrast, the temporal evidence highlights the dynamic nature of SE over time. This distinction
suggests that different types of evidence may align with various theoretical foundations of SE. By
focusing solely on the three evidence types discussed here, the study may have limited its ability to
comprehensively explore the broader theoretical foundations of SE. Future research that expands
on these evidence types and their interactions could provide a more nuanced understanding of the

multiple dimensions of SE.

7.10 Conclusion

Taken together, this study contributes a novel methodological framework for integrating ESM
and individualized journal reflections, grounded in a typology of evidence that enables richer, more
nuanced interpretations of SE. While limited in scope, the findings offer a starting point for future
mixed methods research seeking to operationalize integration in ways that are both systematic and
theoretically meaningful. As researchers continue to explore the dynamic nature of SE, approaches
like the one presented here can help foreground the complexity of student experiences while offering

rigor in how those experiences are understood across data sources.
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CHAPTER 8

CONCLUSIONS AND FUTURE WORK
This dissertation focused on how to design a mixed methods research approach to explore the
real-time experiences shaping students’ self-efficacy. Specifically, the way I approached this was
through focusing on how to integrate the Experience Sampling Method with individualized daily
journal reflections as a mean to be able to make visible how students’ experiences within physics
and more broadly STEM are shaping their SE within particular academic moments.

The process began with a preliminary analysis to understand how ESM and individualized daily
journal reflections were communicating with each other to explore students’ SE. This early work
revealed that to better capture the richness of students’ lived experiences and their SE, I needed to
modify the original mixed methods approach. This led to the addition of an integration point, where
I intentionally set up communication between the open-ended ESM survey items (qualitative) and
the closed-ended ESM survey items (quantitative). This modification opened new possibilities for
understanding how these data sources could inform one another and, ultimately, how they could be
more meaningfully linked to enhance our understanding of SE.

These larger questions, framed in Chapter 1, set the stage for the methodological exploration that
follows. They concern the very foundations of how knowledge is constructed and validated within
the field of physics education research (PER), and they speak directly to the epistemological and
methodological commitments that underlie this dissertation. In exploring the integration of ESM
surveys and individualized journal reflections, I have not only built a case for how mixed methods
can provide richer insights into SE, but also contributed to answering these broader questions by
demonstrating how we might bridge the gap between different kinds of evidence in a way that
meaningfully advances our understanding.

8.0.1 Contributions and Insights

The results of this study show that integrating qualitative and quantitative data is not just a

technical endeavor, but one that has significant implications for how we theorize and understand

the constructs we study — in this case, self-efficacy. In Chapter 7, I demonstrated how the process
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of “following the thread” between the ESM surveys and the journal responses is not merely a
method for linking two distinct types of data, but a process that generates new insights into the
dynamic, temporal, and context-specific nature of SE. This methodological contribution advances
our understanding of how mixed methods can be used to capture complex phenomena in a way that
honors both the richness of lived experience (through qualitative data) and the precision of repeated
measurement (through quantitative data).

This work also interrogates the theoretical underpinnings of SE. By tracing the connections
between the evidence types—temporal alignment, content alignment, and language alignment—this
dissertation highlights the different theoretical work each evidence type performs, thus offering a
more nuanced and comprehensive understanding of SE. By focusing not only on what the data
tells us, but how we link and interpret these data sources, this study underscores the importance of

methodological reflexivity in the construction of knowledge in physics education research.

8.0.2 Reflecting on Methodological Innovation

A central contribution of this dissertation is the development of a “following the thread”
approach to integrating data sources. This technique offers a practical, systematic tool for mixed
methods research that can be applied across other areas of educational research, not just in the
study of SE. This innovation aligns with the broader question of how we know what we know in
physics education research—by making clear how methodological rigor and reflexivity can lead to
more grounded and meaningful interpretations.

The study also makes important strides in refining the application of mixed methods approaches
in educational research. Specifically, it addresses a key gap in the literature: the operationalization
of data integration in mixed methods designs. The typology of evidence types introduced here
provides a framework for understanding the different ways in which data from distinct sources can be
linked and interpreted. This framework is not only an empirical contribution, but a methodological

one, advancing how researchers design and analyze complex educational data.
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8.0.3 Looking Ahead: Open Questions and Future Research

While this study offers important insights, it is far from exhaustive. As discussed in Chapter
7, future research should focus on how different evidence types interact, and how their integra-
tion can support a more nuanced and layered understanding of self-efficacy (SE). This work also
invites further conceptual development of the distinction between threads and linkages—two an-
alytic constructs that need more precise definition and testing through continued empirical and
methodological exploration.

There are several promising directions for future research that build upon the findings and
methodological innovations of this study. These include refining the analytical tools developed here,
expanding the temporal scope of inquiry, and investigating the potential of reflective journaling as
an intervention. Specifically:

Enhancing the Codebook and Analytical Framework: While the codebook provided a strong
foundation for analyzing journal prompts and students’ reflections, future iterations could expand
its use to explore how students actually interpret and respond to prompts in practice. This includes
refining how we code for emotional and physiological expressions, and investigating how such
expressions map—or fail to map—onto Bandura’s conception of physiological state as a source of
SE. Additionally, developing a framework for tailoring prompts even more precisely to individual
students’ experiences could deepen the work of personalization and contextual sensitivity.

Temporal Aspects of Self-Efficacy: Given the daily nature of the journal reflections and the
real-time capture of ESM, there is an opportunity to investigate SE as a dynamic, fluctuating phe-
nomenon. Future longitudinal research could examine how students’ SE evolves across days, weeks,
or even semesters, providing insight into how academic experiences build or erode confidence over
time—and when interventions might be most needed.

Further Integration of ESM and Journal Prompts: Another promising direction involves explor-
ing additional forms of integration between ESM data and individualized daily journal reflections.
In this study, I brought together established ideas from the mixed methods community—such as

points of integration and the “following a thread” approach—and operationalized the notion that
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integration is not only a process but also a product: a process of gathering evidence to demonstrate
that integration has meaningfully occurred. Future work could investigate other forms of integration
and their analytic value—whether they serve to confirm, extend, or complicate emerging narratives
around constructs like self-efficacy. Such explorations would not only sharpen the interpretive
tools available to researchers, but also help to further legitimize integration as a methodological
contribution in its own right within mixed methods research.

Broader Applications of This Approach: The design and methodological framework developed
in this dissertation hold potential for application in other contexts. Future studies might extend
this mixed methods approach to graduate education, or to explore other constructs such as identity,
belonging, or motivation—each of which shares theoretical terrain with SE but presents unique
analytical challenges and opportunities.

Legitimizing Mixed Methods Research: Finally, this work contributes to ongoing efforts to
legitimize and refine mixed methods research in education. It underscores the value of being
explicit and intentional about integration—not as an afterthought or superficial combination of data
types, but as a meaningful, generative, and theoretically motivated process. Continued work in this
direction can help elevate the standards of methodological rigor and creativity across the field.

Moreover, the broader questions raised in Chapter 1 continue to guide this work: What does it
mean to do physics education research? and How do we know what we know as a field? These
are not merely philosophical provocations—they are central to the work of knowledge-making.
This dissertation contributes to these conversations by modeling an integrative, reflexive, and
methodological approach to studying student experience. By bringing qualitative and quantitative
data into closer conversation, I offer one possible way forward: an approach that not only studies
self-efficacy but also challenges and reimagines how we do research in physics education more
broadly.

Final Thoughts In sum, this dissertation has demonstrated that integrating qualitative and
quantitative methods—through the careful design and thoughtful application of a mixed methods

approach—can offer rich, meaningful insights into self-efficacy and beyond. It has contributed
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both empirically and methodologically, offering a new way to think about and engage with the data
we collect. More importantly, it has shown that answering the fundamental questions of what it
means to do physics education research and how we know what we know requires not only the right
theoretical grounding but also the right tools to connect the dots across different kinds of evidence.
As the field of physics education research continues to grow, this work lays the foundation for
further exploration into how we can meaningfully integrate different data sources to build a more

nuanced, robust understanding of student learning and development.

8.1 Final Reflections/Closing Thoughts

In conducting mixed methods research, it is crucial for researchers to be intentional about both
the why and how they integrate quantitative and qualitative data. Mixed methods research is not
simply about collecting two types of data and then synthesizing the results—it requires a thoughtful
and strategic approach to integration at every stage of the study.

Integration should not be an afterthought or a mere appendage to the research design. Instead, it
should be embedded throughout the entire methodology, from the research questions and design to
the data collection and analysis processes. Researchers must be deliberate about where integration
occurs, why integration is occurring at each step, and what this integration looks like in practice.

In this study, we aimed to demonstrate that a clear, coherent integration of both qualitative
and quantitative methods can provide deeper insights into students’ SE experiences. The ability
to integrate findings from different data sources—and to understand the connections between
them—allowed for a more nuanced understanding of how SE manifests and evolves in the context
of students’ academic experiences.

By emphasizing intentional integration, we not only enrich the findings but also contribute to the
broader discussion of how mixed methods research can be applied effectively in educational settings.
As researchers continue to explore complex constructs like SE with mixed methods research, it
is essential to think critically about the ways in which multiple quantitative and qualitative data
sources can complement one another, rather than simply existing side by side.

Furthermore, as researchers delve into constructs as dynamic and context-dependent as SE, it
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is important to reflect on how methodological choices impact not just the findings, but also the
interpretations and implications that arise from those findings. Our work showcases that thoughtful,
intentional integration is not merely a methodological choice, but a fundamental aspect of how we

generate knowledge in educational research.
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APPENDIX A

EXPERIENCE SAMPLING SURVEY (ESM)

Survey Block

| ESM Questions/Items

Open-Ended Task

(Q1) What is the main thing you are doing right now?
(Q2) Where are you doing this activity?

Task-Specific Self-Efficacy

(Q3) How skilled are you in the activity?
(Q4) Do you feel in control of the situation?
(Q5) Are you succeeding at what you are doing?

Open-Ended Course

(Q6) Is the activity you are doing for a course you are currently
enrolled in? (Yes, No)

(Q7) What is the name of the course? Please write the course
label and number (e.g. PHY 123) in answering this question.

Course Level Self-Efficacy

or

Career-Level Self-Efficacy

(Q7a) Considering the difficulty of this course, the instructor, and
my skills, I think I will do well in this course.

(Q8a) I'm confident I can do an excellent job on assignments and
tests in this course.

(Q9a) I'm certain I can master the skills being taught in this course.

(Q7b) Considering the difficulty of my planned profession and my
skills, I think I will do well once I begin working in the professsion.
(Q8b) I'm confident I can do an excellent job on professional
assignments once I am working in my chosen occupation.

(Q9b) Once I am working in my chosen career, I am confident that
I will master the skills that will make me successful.

Table A.1 The order of the ESM survey questions and items given to the research participants via
the Expiwell application. Q1 and Q2 are open-response task questions, Q3 through QS5 are the
task-specific self-efficacy items measured on a scale from 0 - 100, and Q6 and Q7 represent the
open-ended course questions. Then, depending on whether they answer yes or no to if the activity
is related to a course or not, the participants will either receive the 3 course-level self-efficacy items
or the 3 career-level self-efficacy items.
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APPENDIX B

CODEBOOK FOR JOURNAL PROMPTS - CONTEXTS CODES: ELICITING THE
THEORETICAL FOUNDATION OF THE DOMAIN-SPECIFIC NATURE OF
SELF-EFFICACY

This appendix section presents the Contexts section of the codebook; thus, only shows the Contexts
codes. To support readability and clarity, the codebook is structured as a list rather than a table.
Within each of these two main sections, the individuals codes are listed alongside the following

elements:

A brief description providing a concise summary of the code.

* An expansive description detailing the boundaries of the code, including when and how it

should be applied.
» Examples of prompts that are coded with this code (i.e., Example - Does Count).

* Examples of prompts that are not coded with this code (i.e., Example - Does Not Count),

including borderline or easily confusable cases.

In the examples of what counts in coding a prompt or sub-prompt with a code, some words or
phrases will be bolded. This is to indicate to the audience that while I shared the entire prompt,
there may have been words or phrases that signaled me to code this prompt in a certain way.
Additionally, When applicable, the expansive description includes explicit inclusion and exclusion
criteria to guide coders. These criteria references examples that are color-coded to visually connect

them with the relevant examples in the Example - Does Count and Example - Does Not Count.

* Purple text is used to link inclusion criteria to examples of what does count for this code.

* Violet text is used to link exclusion criteria to examples of what does not count for this code.

This format is intended to promote transparency in the coding process and facilitate replicability

or adaption for future research.
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B.1 Contexts Codes

B.1.1 Code: Task

Brief Description: A task is any activity/assignment AND/OR the act of doing a particular
activity/assignment. Within this description of task, we include the act of attending of academic
spaces. This code is utilized when a specific task or multiple specific tasks are focused on within

the daily journal prompt.

Expansive Description: A task is any activity/assignment AND/OR the act of doing a particular
activity/assignment. Examples of daily journal prompts that were tagged as TASK included, but
not limited to, the following:

Inclusion Criteria:

A singular or specific assignment (i.e., homework assignment - Example (1), in-class assign-

ment - Example (2), course assignment, professional assignment, etc.)

* An exam, midterm, quiz, or assessment

* A project

* Researching or looking into a specific topic (i.e., materials online, REU programs, etc.)

* Reading a textbook

* Memorizing information

* Getting a document verifying accommodations on campus (VISA)

* Setting up appointments

* Learning about a topic or how to do something (i.e., office, calling financial aid, completing

the FASFA, etc.)

* Receiving or findings resources

* Building an academic or degree plan or 4-year plan
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* Performing fieldwork

Within the description of task, we include the act of attending academic spaces. Academic
spaces are spaces, where students may interact with other actors to pursue academic business.

These kind of tasks look like, but are not limited to, the following:

* being in/attending a class

attending/going to an office hour/help room

attending/going to a specific resource center on campus
* being in/attending/going to a particular research lab

* being in/attending an ULA training

attending student organization led events - Example (3)

Exclusion Criteria: Daily journal prompts were not tagged as TASK if they did not provide a
specific task. Example (1) shows a daily journal prompt that falls under this criterion.

The daily journal prompt may involve more than one task but has to be focusing on the tasks at
hand. If the daily journal prompt asks about tasks or activities in a plural way, then the daily journal
prompt does not receive a TASK code. To distinguish between these two sentences, I am providing
two examples. The first example is to demonstrate how we have asked about multiple tasks within
the daily journal prompt while focusing on specific tasks as shown in Example (4) found in the
corresponding list under “Example - Does Count”. The second example is to demonstrate a daily
journal prompt that focuses on many tasks without focusing on a specific task as shown in Example

(2) found in the corresponding list, “Example - Does Not Count."

Example - Does Count:

» Example (1): On Friday, we noticed that you spent most of the day doing [computational
modeling course] homework. We noticed an upward trend in how skilled and successful

you felt when you were working on that homework.
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— Can you take us back to Friday and discuss what was happening while you were working

on your [computaitonal modeling course] homework?
— How confident were you in doing this [computational modeling course] homework?

— How did that homework impact your confidence in your ability to succeed in your

[computational modeling course] course?

» Example (2): Yesterday you told us about how you feel about your ability in [computational
modeling course] in-class assignments. On the app today you noted that you were working

on one of those assignments.

— Take me back to that moment. What were you working on? Who [were] you working

with? How did you feel about your abilities?

» Example (3): Today you indicated you attended the SPS coffee break [student organization
led event] again. Can you tell us a bit about how that meeting impacted your sense of

confidence for your future career plans?

* Example (4): Questions that probe your confidence in your abilities could vary quite a
bit depending on what happens in the next year or what happens several years from now.
Think about an assignment that you’ve had within the last week. And a “professional

assignment’ that you can imagine having in your future career.

— Compare those two assignments for us. What do they look like? What are you doing?

What skills do you need?

Example - Does Not Count:

* Example (1): Look back at the feelings you listed in the second prompt. How do those

feelings impact your sense of confidence in performing tasks in your classes or in the classes?

* Example (2): Yesterday most of your day seemed to be focused on [modern physics]. Tell

me a little more about how you are feeling in that class. When you think about the various
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kinds of activities that are part of the class (for example attending lecture, doing homework,
preparing for exams) are there some that you feel more or less capable while you're doing

them?

— Was there a moment in that last two days when you felt particularly confident in your

abilities in [modern physics]? What were you doing?

B.1.2 Code: Course

Brief Description: A daily journal prompt that focuses on a particular course or identifies
the particular course or courses. The daily journal prompt can pinpoint a particular course using
language as broad as “particular” or as specific as having a course label within the daily journal
prompt. Ideally, the participant is being asked to discuss the particular course or each course
provided in such a way that a distinction between which course the participant is focusing on is

clear.

Expansive Description: The COURSE code captures coding daily journal prompts pertaining
to a particular course or identified which course(s) we were investigating.

Inclusion Criteria:

* A daily journal prompt that asks about a particular course
— We may provide a full course label (e.g., PHY 471; please read what not tagged at
COURSE below) to ask about a particular course - Example (1)

— We may ask them to tell us what course they are referencing as part of the daily journal

prompt

— We may ask them to consider a particular course without asking them to necessarily tell

us which course they are thinking of - Example (2)

* A daily journal prompt can ask about multiple courses but we must specify the particular

courses we are discussing with the daily journal prompt.
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— The prompt could have identified two particular courses by referencing two course

labels - Example (3)

— The prompt could provide a list of the courses for the participants to discuss - Example

4)

Exclusion Criteria: Daily journal prompts with the following criteria were not coded as

COURSE:

Asking about courses or classes in general, or a prompt that does not ask about a particular

course - Example (1)

If we do not provide a full course label (e.g., MTH) within the daily journal prompt, then the
participant may reflect upon all courses with this label (e.g., math courses); hence this is not

specific enough to be counted as COURSE.

Daily journal prompts asking about discipline-based courses is not specific enough to count.
For example, if we ask about math courses, participants may reflect upon all math courses,

which is not specific enough - Example (2)

Asking about coursework alone in a prompt would not count unless this was explicitly linked
to some kind of identification of a course(s). Prompts discussing coursework by itself does
not provide enough context to code as COURSE because participants may think of their
overall coursework that they had completed in academia or are pursuing rather than thinking

of a specific course.

Example - Does Count:

Example (1): Yesterday most of your day seemed to be focused on [modern physics]. Tell
me a little more about how you are feeling in that class. When you think about the various

kinds of activities that are part of the class (for example attending lecture, doing homework,
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preparing for exams) are there some that you feel more or less capable while you're doing

them?

— Was there a moment in the last two days when you felt particularly confidence in your

abilities in [modern physics]? What were you doing?

* Example (2): Think of a time in the past month where you felt really confident about your
performance in a particular course you’re taking now. What about it made/makes you feel

confident?
— Take me back to that moment; what were you feeling and experiencing?

» Example (3): Over the past 3 days, your responses in the app indicated you were working on
both Cell and Molecular Biology Course and General Chemistry. However, you indicated
you were less skilled and felt less successful at Cell and Molecular Biology Course than
General Chemistry. Can you tell us a little bit more about why you feel differently in these

two classes?

— Looking back over the past 3 days, could you give us a specific example from one of
these courses when you felt extremely skilled? What were you doing? How did you

feel?
— Looking back over the past 3 days, could you give us a specific example from one of

these courses when you felt not at all skilled? What were you doing? How did you feel?

* Example (4): When you think about your network, how has interactions with those folks

impacted your confidence...

— Passing your courses (e.g., [MTH Course - Analysis I], [PHY Course - Quantum
Mechanics 1], [Astronomy Course - Galaxies and Cosmology], [Sociology, Behavioral,

and Educational Science Course - Government and the Individual])

— Obtaining a physics/astronomy degree
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— Or pursuing a career?

Example - Does Not Count:

* Example (1): Look back at the feelings you listed in the second prompt. How do those

feelings impact your sense of confidence in performing tasks in your classes or in the classes?
* Example (2):

— We'd like to ask a little more about your experiences building up a peer network.

— Yesterday you noted that you wish you had more of a peer network in your physics and
math classes because you said, “I’m struggling extra hard because I am alone”. Do you
have an example of a course experience where you did have this peer network? What

course was that? How did having a peer group support you?

B.1.3 Code: Degree

Brief Description: DEGREE captures coding daily journal prompts discussing degree or
major, or the requirements of pursuing a degree or academic plan. As an important note then,
in this work we are using the words degree and major interchangeably. We also use these words

29 ¢

interchangeably with one another: “requirements of pursuing a degree,” “academic plan,” “degree

plan,” and “4-year plan.”

Expansive Description: This code captures coding daily journal prompts discussing degree or
major, or the requirements of pursuing a degree or major. As an important note then, in this work
we are using the words degree and major interchangeably. We also use these words interchangeably

29 ¢

with one another: “requirements of pursuing a degree,” “academic plan,” “degree plan,” and “4-
year plan.” Examples of daily journal prompts that were tagged as DEGREE included, but not
limited to, the following:

Inclusion Criteria:

* Daily journal prompts discussing the pursuit of or encouragement of academic plans OR a

bachelor’s degree - Example (1)
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* Daily journal prompts discussing earning a bachelor’s degree/major, changing of one’s major,

decisions regarding one’s pursuit of their major/degree plan - Example (2)

* Daily journal prompts discussing the requirements of a degree or the major (e.g., classes

required for your major, future classes required for your major, etc.) - Example (3)

* Daily journal prompts discussing one’s experiences or trajectory in their academic career -

Example 4

Exclusion Criteria: Daily journal prompts were not coded as DEGREE if they were unable to
meet the criteria above (e.g., discussing degree or the requirements of obtaining a degree). Daily
journal prompts based on topics below provide some insight around prompts that were unable to

meet this criteria:

* Asking about a meeting with an academic advisor would not count unless this was explicitly
linked to degree and/or the academic plan. Students may meet with academic advisors
for other reasons outside of discussing their degree. For example, they may ask their
academic advisor about professional development opportunities that do not impact their

degree attainment. - Example (1)

* Asking about coursework alone in a prompt would not count unless this was explicitly linked
to degree and/or the academic plan. Prompts discussing coursework by itself does not provide
enough context to code as DEGREE because students are able to take courses, in which these

courses may not be related to the requirements for their degree. - Example (2)

Example - Does Count:

* Example (1): When you think about your network, how has interactions with those folks

impacted your confidence...
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— Passing your courses (e.g., [MTH Course - Analysis I], [PHY Course - Quantum
Mechanics I], [Astronomy Course - Galaxies and Cosmology], [Sociology, Behavioral,

and Educational Science Course - Government and the Individual])
— Obtaining a physics/astronomy degree

— Or pursuing a career?

* Example (2): What do people you know (family/teachers/peers) say to you about your

decision to pursue this major plan (or change your major)?

* Example (3): When you think about the classes required for your major, what feelings
do you experience? Did you feel any of these feelings distinctly today? If so, when?
For example: comfortable, nervous, confused, excited, at ease, anxious, sad, determined,

attentive, frustrated, inspired, detached, active, alert, etc.

* Example (4): When you look back at your academic career (including your experience prior

to MSU), is there anything you would do differently if you had the chance?

— Tell me a story about how you think changing that past experience would have impacted

your experiences today. What would be different?

Example - Does Not Count:

* Example (1): You also told us that you were planning to meet with an academic advisor soon.

Has that happened? If yes, how did it go? If not, how are you feeling?

* Example (2): When you think about your peer network (or perhaps lack thereof), how do

you see it impacting your coursework?

— How (if at all) does this impact your confidence in your abilities in your coursework?
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B.1.4 Code: Career
Brief Description: CAREER captures daily journal prompts discussing one’s intended/chosen/future
profession/career/occupation, or post-graduation/career plans. As an important note then, in this

work we are using the words profession, career, and occupation interchangeably.

Expansive Description: This code captures daily journal prompts discussing one’s intended/chosen/future
profession/career/occupation, or post-graduation/career plans. As an important note then, in this
work we are using the words profession, career, and occupation interchangeably. Examples of daily
journal prompts that were tagged as CAREER included, but not limited to, the following:

Inclusion Criteria:

» Confidence in their future career - Example (1)

* Requirements to move onto their future profession OR pursuing their future career - Example

2)

* Daily journal prompts probing into what their future career looks like or ideas about their

future career - Example (3)
* Daily journal prompts discussing their professional assignments - Example (4)

* Daily journal prompts asking about their career plans - Example (5)

Exclusion Criteria: Daily journal prompts were not tagged as CAREER if the daily journal
prompts were discussing professional development opportunities but had not explicitly linked these
to their intended career. Not all professional development opportunities may impact a students’
career-level self-efficacy; thus, I have decided when prompts only investigate the professional
development opportunity without linking to the students’ intended career in some way, these do not

receive a CAREER code.

* Prompts investigating Research Experiences for Undergraduates (REUs)

* Prompts investigating research positions students may have or are pursuing - Example (1)
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* Prompts investigating internship opportunities students may have or are pursuing - Example

2)

* Prompts investigating jobs students may have while in academia

Example - Does Count:

* Example (1): How do your experiences in the high energy physics lab or as a ULA affect

your confidence in pursuing your career?

* Example (2): When you think about the requirements to move on to your future profession?

What comes to mind? What does that look like for you?

* Example (3): We noticed in the app today you were looking at REU programs. Could you
tell us a little more about how that experience went? Who were you working with? How did

it go? How did it make you feel?

— How did that experience impact your ideas about your future career?

* Example (4): Questions that probe your confidence in your abilities could vary quite a bit
depending on what happens in the next year or what happens several years from now. Think
about an assignment that you’ve had within the last week. And a “professional assignment”

that you can imagine having in your future career.

— Compare those two assignments for us. What do they look like? What are you doing?

What skills do you need?

» Example (5): Today you indicated you attended the SPS coffee break again. Can you tell
us a bit about how that meeting impacted your sense of confidence for your future career

plans?

Example - Does Not Count:
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» Example (1): When you think about your classmates, how prepared do you feel, relative to

them, to get a research position, internship opportunity, or job in the upcoming year?
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APPENDIX C

CODEBOOK FOR JOURNAL PROMPTS - EXPERIENCES CODES: ELICITING THE
THEORETICAL FOUNDATION OF THE SOURCE NATURE OF SELF-EFFICACY

This appendix section presents the Experiences section of the codebook. The structure of this
section of the codebook is similar to that of the Contexts section of the codebook previously
presented, but only shows the Experiences codes. To support readability and clarity, the codebook

is structured as a list rather than a table.

Within each of these two main sections, the individuals codes are listed alongside the following

elements:

A brief description providing a concise summary of the code.

* An expansive description detailing the boundaries of the code, including when and how it

should be applied.
» Examples of prompts that are coded with this code (i.e., Example - Does Count).

* Examples of prompts that are not coded with this code (i.e., Example - Does Not Count),

including borderline or easily confusable cases.

In the examples of what counts in coding a prompt or sub-prompt with a code, some words or
phrases will be bolded. This is to indicate to the audience that while I shared the entire prompt,
there may have been words or phrases that signaled me to code this prompt in a certain way.
Additionally, When applicable, the expansive description includes explicit inclusion and exclusion
criteria to guide coders. These criteria references examples that are color-coded to visually connect

them with the relevant examples in the Example - Does Count and Example - Does Not Count.
* Purple text is used to link inclusion criteria to examples of what does count for this code.
* Violet text is used to link exclusion criteria to examples of what does not count for this code.

This format is intended to promote transparency in the coding process and facilitate replicability

or adaption for future research.
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C.1 Experiences Codes

C.1.1 Code: Evaluation of Confidence, Skills, and Success

Brief Description: Prompts written to elicit students’ reflections on their perceived confidence,
perceived skills, and perceived success. It focuses on self-assessments of abilities, capabilities, and
achievement, often reflecting on past experiences and moments that shape these perceptions over

time.

Expansive Description: This code is used to capture student reflections on their own con-
fidence, skills, or perceived success in relation to a task, situation, or broader context. Prompts
categorized under this code typically ask students to self-assess or evaluate their abilities, confi-
dence levels, or sense of achievement. In some cases, students are asked to identify and rank the
experiences or factors influencing their confidence or capability towards a specific task or goal.
The focus is on the student’s personal evaluation of their competence, confidence, and readiness,
often reflecting on moments or experiences that shaped these perceptions over time. However,
this code does not involve the direct connection between external or internal factors and a specific
context, which is the focus of the Influences on Context-Specific Confidence/Success code. The
"Evaluation of Confidence, Skills, and Success" code emphasizes general self-assessment, without
explicitly linking confidence to particular influences within a context (i.e., how their homework
grades influence their confidence within the course).

Inclusion Criteria:

Evaluate what makes the participants feel confident OR how confident they feel - Example

ey

Evaluate how skilled or successful they felt towards a specific task, course, degree, intended

career, transfer OR information they use to determine their skill or success - Example (2)

Evaluate their abilities - Example (2) and Example (3)

Evaluate their capabilities - Example (4)
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* Evaluate your competence - Example (3) and Example (5)

Exclusion Criteria:

* DOES NOT INCLUDE statements that ask the participants how a particular factors influence
their self-efficacy — that belongs in the category “Influences Impacting Confidence or Success
towards Domain(s)”. The Evaluation code category is meant to capture DJPs that allow the
participant to identify or describe what factors may be influencing their self-efficacy or
allows the DJP is open enough that they choose that are relevant for providing an evaluation
of their confidence in their skills, abilities, success, or purely how they know they improved in
their skills, abilities, or success, whereas in the category "Influences impacting confidence or
success towards domain(s)" is the researcher choosing a factor that we have posited influences

self-efficacy. - Example (1)

* DOES NOT INCLUDE daily journal prompts are asking for an evaluation of an experience
more broadly. In this example, there is no ask for the participant to share how this experience
impacted their perception of their confidence in their abilities or a sense of their success or

skill in their abilities. - Example (2)

* DOES NOT INCLUDE daily journal prompts asking for how they did something or how
they made a decision. In this example, there is not ask for the participant to share how their
perception of their confidence in their abilities impacted their decision or something along
those lines in which they would need to share how the student is weighting, evaluating or

interpreting their abilities, confidence levels, skills or success. - Example (3)

Example - Does Count:

* Example (1): If you were to rank conversations with folks, who has the ability to impact

your sense of confidence more?

— Family
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Faculty

TAs/LAs

Peers in your major courses

Peers in your non-major courses

Roommate

Tell us others we have not listed above

* Example (2):

— How skilled did you feel taking your exam?
— How successful did you feel taking the exam?

— Take me back to that moment. What were you working on? Who [were] you working

with? How did you feel about your abilities?

* Example (3): You’ve given us two examples (PHY471 and CMSE202) of when your own
performance in comparison to peers matters when you judge your own competence. But
yesterday you told us that evaluate your abilities in classes based on the grades you receive.
When you think about these two sources of information - which do you think you rely

on most?
— Does the course matter?
— Does the activity matter?
* Example (4): Yesterday most of your day seemed to be focused on [modern physics]. Tell
me a little more about how you are feeling in that class. When you think about the various
kinds of activities that are part of the class (for example attending lecture, doing homework,

preparing for exams) are there some that you feel more or less capable while you’re doing

them?

263



» Example (5): Can you imagine a moment where your answer to the previous question would
change? For example, if you usually use grades to evaluate your confidence can you imagine
a moment where you would switch to other information? If yes, what would that imagined

moment look like?

Example - Does Not Count:

* Example (1): Today you indicated you attended the SPS coffee break again. Can you tell us

a bit about how that meeting impacted your sense of confidence for your future career plans?

» Example (2): When you look back at your academic career (including your experience prior

to MSU), is there anything you would do differently if you had the chance?

— Tell me a story about how you think changing that past experience would have impacted

your experiences today. What would be different?

* Example (3): Tell us more about your decision to switch from Advanced Math to Data

Science. How did you eventually make that decision?

C.1.2 Code: Influences on Context-Specific Confidence/Success
Brief Description: Prompts built to cue participants to discuss how particular factors (internal

or external) may influence the participant’s confidence or success within a particular context.

Expansive Description: Identifies references to how various influences (denoted as "X") affect
a student’s confidence, abilities, or success within a specific context. "X" may include internal
factors (e.g., emotions, feelings, physiological states like stress) or external factors (e.g., resources,
social support, training, feedback). The relationship between "X" and the context must be explicitly
established in the prompt. This code is distinct from the "Evaluation of Confidence, Skill, and
Success" code, which focuses on students’ general assessment of their confidence or feelings
towards a context or in other words for Evaluation of Confidence, Skills, and Success, there would
be NO SPECIFIC "X" (i.e., group work, conversation with mom, etc.) identified.

Inclusion Criteria: Examples 1-4
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* Mentions of specific influences (external or internal) that are linked to a students’ confidence

or ability or success within a particular context.

* Descriptions of how internal or external factors shape confidence or success in a given

context.

» Statements where the influence is directly tied to the student’s ability to succeed in or feel

confident about a particular situation, task, or environment.

Exclusion Criteria: Examples -3

* Mentions of confidence or success that are general or abstract without linking them to a

specific influence and specific context

* Descriptions that focus purely on self-assessments of confidence or feelings of success without
identifying a specific influencing factor that is directly affecting their self-assessment within

a given context.

» Evaluations that do NOT explore the relationship between an external or internal factor and
a context, such as general statements about confidence without explaining the impact of

specific influences.

* Mentions of experiences that are not tied to a specific influence or context related to the
student’s confidence, abilities, success, or skill. For example, financial troubles or future
career ideas, unless these are explicitly connected to a student’s confidence or success in a

given context.

Example - Does Count:

* Example (1): When you think about your network, how has interactions with those folks

impacted your confidence in...
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— Passing your courses (e.g., [MTH Course - Analysis I], [PHY Course - Quantum
Mechanics I], [Astronomy Course - Galaxies and Cosmology], [Sociology, Behavioral,

and Educational Sciences Course- Government and the Individual])
— Obtaining a physics/astronomy degree
— Or pursuing a career?

* Example (2): How did this group work session with your friend on homework affect your

confidence in your abilities in [PHY Course - Quantum Mechanics I]?

* Example (3): Today you indicated you attended the SPS coffee break again. Can you tell us

a bit about how that meeting impacted your sense of confidence for your future career plans?

» Example (4): Can you tell us a little bit more about the lack of college knowledge? What do
you think you are lacking versus your peers? How [does] this impact your success to earn

your bachelor’s degree?

Example - Does Not Count:

» Example (1): What troubles have you experienced financially? How (if at all) does this relate

to being a first generation college student?

» Example (2): How did that experience impact your ideas about your future career?

* Example (3): Yesterday most of your day seemed to be focused on [modern physics]. Tell
me a little more about how you are feeling in that class. When you think about the various
kinds of activities that are part of the class (for example attending lecture, doing homework,

preparing for exams) are there some you feel more or less capable while you’re doing them?

C.1.3 Code: Comparison to Peers
Brief Description: Daily journal prompts queuing the participant to share comparisons between

themselves and their peers.
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Expansive Description: Asking the participant to share similarities and/or differences between
themselves and their peers.

Inclusion Criteria:

* Asking the participant to share when they have compared themselves to their peers in terms

of performance, knowledge, experiences, abilities or capabilities, etc. - Example (1)

 Using their judgment of themselves versus their peers to evaluate their abilities OR confidence

- Example (2)

» Asking the participant to share what their peers think about their abilities or capabilities in

comparison to one another - Example (3)

Example - Does Count:

* Example (1): Tell me a story about today where you noticed your performance in comparison
to your peers.
— What were you doing?
— What were they doing?
— How did you notice the differences in performance?

* Example (2): When you think about your classmates, how prepared do you feel, relative to

them, to get a research position, internship opportunity, or job in the upcoming year?

» Example (3): Yesterday sounded like a rough day from your reflection. Today we’d like to
ask a little more about the roles that other people play for you in making you feel more or
less confident in future classes required for your major. When you think about the messages
you get from other people, what do you hear from:

— Your mom about what she hopes you’ll do in college?

— Your peers about how you’re doing in relation to them?
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C.1.4 Code: Interactions with Others
Brief Description: Daily journal prompts queuing the participant to discuss their engagement
with others, in which others here can be a single person or multiple people. These people can range

in their roles in the participant’s life.

Expansive Description: Any daily journal prompt(s) cueing the participant to discuss who the
participant interacts with for the purposes of mentorship/support, and sharing what this interaction
or multiple interactions with a singular individual or multiple individuals entailed as well as possibly
probing into the impacts of these interactions.

For transparency, interaction is being used here to mean communicating with or to (i.e., talking,
looking, sharing or engaging in any kind of action), responding to or reacting to, and can even
encompass an experience with someone or more broadly others.

For transparency, in the daily journal prompts, we may ask about a single person or multiple
people, and these people can range in their roles in the participant’s life meaning we may have
referred to a single person or group of people as mentor(s), people that support them, family,
instructor(s), teaching assistant(s) — TAs, learning assistant(s) — LAs, academic advisor(s), peers,
folks in their network, people. . . in your academics and career plans, etc.

Inclusion Criteria:

* Identifying folks in their lives or networks that they interact with for support - Example (1)

* Discussing about a particular interaction or multiple interactions with either an individual or

a group of people - Example (2)
* Sharing about interactions with others OR how these interactions. . .

— Were encouraging or discouraging to the participant - Example (3)
— Impacted their confidence in a singular or multiple contexts

— Influence whether the participant thinks they are capable or have the ability to do

something
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— Meetings with others

Exclusion Criteria: DOES NOT INCLUDE daily journal prompts that do not include discussion
around interactions. Example (1) demonstrates a prompt that does not receive the Interaction with
Others code because we are merely asking who the participant spoke with, in which the participant
could solely provide a name or role (i.e., a teaching assistant) without discussing the interaction

with whom the person spoke.

Example - Does Count:

* Example (1): When you started at MSU did you know anyone or have any points of contact

you could go to for mentorship or support?

— Has that changed? If yes, how did you find your mentors/support nextwork?

* Example (2): Yesterday you also mentioned Dr. McPadden is an informal mentor for
you. Could you tell me a story about a moment where you felt that support. What were

you talking about? How did it go? How did you feel?

* Example (3): When you think about your network, how has interactions with those folks

impacted your confidence...

— Passing your courses (e.g., [MTH Course - Analysis I], [PHY Course - Quantum
Mechanics 1], [Astronomy Course - Galaxies and Cosmology], [Sociology, Behavioral,

and Educational Science Course - Government and the Individual])
— Obtaining a physics/astronomy degree
— Or pursuing a career?
Example - Does Not Count:
» Example (1): Yesterday, in your reflection, you told us you went to help room. Who did you

talk to in help room?
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C.1.5 Code: Details and/or Feelings Regarding an Event
Brief Description: Daily journal prompts built to have a participant reflect over their lived
experiences. These prompts are built as an invitation to the participants to share more details and

feelings about a moment, event, activity/activities, opportunity or experience the person had.

Expansive Description:

Inclusion Criteria:

* Descriptions of what participants are feeling or experiencing during a moment - Example (1)
* Descriptions of what is happening during a moment - Example (2)
* Descriptions of how something went - “how did it go” - Example (3)

* Descriptions of how that moment came to be (e.g., questions that prompt the participant to
discuss why they were participating in a moment like “who initiated it?” or “why did you

meet with this group” etc.) - Example (4)

* Descriptions of your role within a moment or how the participant participated or showed up

within a moment

* Descriptions of moments, opportunities, events, or experiences - Example (5). We ask these

kinds of questions to understand more about a person’s lived experiences

» Descriptions of a course, session, assignment(s) etc. - Example (6). We ask these kinds of
questions because us, as researchers, are sometimes just trying to gain an understanding of

what something even is or looks like.

* Descriptions of one thing they’re proud of, frustrated by or a question they are still working

through.

* Understanding what they mean or think of when they use particular language - Example (7).

We may also be just trying to understand what they mean by a statement.
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Example - Does Count:

Example (1): Think of a time in the past month where you noticed yourself feeling like a
first-generation college student. Take me back to that moment; what were you feeling and

experiencing?

Example (2): Tell me a story about a moment when an interaction with your network
impacted your confidence in one of those areas. Who were you talking with? What did

they say? How did you feel?

Example (3): Yesterday you told us you were working on [Quantum Physics I] homework

with a friend.

— How did the group work session on the homework go?

Example (4): We’re also curious to hear about how this group session on Monday for [Quan-

tum Physics I] came to happen. Who initiated it? How did you decided to participate?

Example (5): Take me back to a moment today (if there wasn’t one from today, was there
one from last week - please let us know which you are talking about!) where you saw an
opportunity to develop a skill, but that the course didn’t necessarily support that development.

What was the opportunity you saw? How might that have looked different?

Example (6): We’ve noticed a few times that you reference working on MTH293. We don’t
see that course in the MSU course catalog. So that we’re keeping ourselves straight could

you tell us more about what that course is, and who you are taking it with?

Example (7): What are you thinking of when you say, ‘“more confident of all aspects of

school”’?
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APPENDIX D

CONTEXT CODES - ALIGNMENT WITH THE DOMAIN-SPECIFIC NATURE OF
SELF-EFFICACY

In this appendix, for each Context code, I'll discuss how it aligns with the domain-specific nature
of self-efficacy.

Self-efficacy is not a general belief, but rather a domain-specific judgment of capability (Ban-
dura, 1997). These codes reflect the situational and environmental contexts in which self-efficacy
was enacted, constrained, or enhanced. Here, enacted means a person drew on or used their sense
of self-efficacy, constrained means something in the context threatened their sense of capability,
and enhanced means something in the context boosted their self-efficacy. This acknowledges that in
some cases, the context supported the participants in feeling more capable; in others, it made them
doubt their abilities or prevented them from acting on their confidence. These codes underscore the
domain-specific nature of self-efficacy, illustrating how participants’ confidence varied in response
to the unique demands, expectations, and goals associated with the contextualizing the experience
(e.g., task, course, degree, and career).

The four context codes - task, course, degree, and career - were chosen to reflect key domains
in which participants formed and evaluated their self-efficacy beliefs. They represent increasing
levels of abstraction and temporal distance, from immediate academic actions to future professional
aspirations.

Code: Task. This code focuses on the specific activities, assignments, or actions that par-
ticipants engage with within the academic setting. It includes tangible academic tasks, such as
homework assignments, projects, exams, and presentations, as well as less formal academic actions
like attending office hours, group study sessions, or reaching out for help.

For example, the following prompt from Fall 2021 is an example of a prompt that would receive

the Task code.

Yesterday, in the app, you told us you were working on [modern physics] homework,

and today, in the app, you told us you were working on [modern physics] homework.
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We noticed that you indicated you were feeling less successful on your [modern physics]

homework. Can you tell us what caused this shift?

This prompt directly addresses a specific academic task — homework in modern physics —
and links it to a fluctuation in the participant’s SE. While the prompt does not explicitly ask
about confidence, it encourages the participant to reflect on the reasons behind the change in
their perception of success, thus revealing how their confidence might fluctuate based on their
engagement with a task.

In this way, the Task code serves as a starting point for exploring task-specific SE. By capturing
moments tied to particular academic tasks, it sets the stage for investigating how students’ confidence
may shift over time based on their experiences with those tasks. However, the Task code does not
directly code for task-specific SE because it does not explicitly require SE-related language as
shown in the example prompt. This distinction enables a more nuanced exploration of task-related
experiences and provides flexibility for future analysis, where the relationship between tasks and
task-specific self-efficacy can be explored in more depth. By separating the task description from
direct assessments of SE, this approach opens up possibilities for future research that can more
directly examine the interaction between tasks and SE.

Code: Degree. The Degree code captures daily journal prompts exploring degree or major
experiences, or the requirement or pursuit of a degree or academic plan.

For example, the following prompt from Fall 2021 is an example of a prompt that would receive

the Task code.

When you think about your classmates, how prepared do you feel, relative to them to

successfully earn your bachelor’s degree?

This prompt is a clear example of a prompt that would receive the Degree code. However, it’s
important to note that while the prompt refers to the degree pursuit, it does not explicitly reference
self-efficacy. The Degree code was designed to reflect degree-level self-efficacy by focusing on the

pursuit of a degree, the requirements involved, and students’ experiences related to their academic
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plan. But because the prompt doesn’t use explicit language about self-efficacy, it falls under the
Degree code rather than being classified as degree-level self-efficacy.

Like the Task and Course codes, the Degree code was created to reflect degree-level self-efficacy
by capturing moments where students engage with the concept of their degree. Degree-level self-
efficacy is defined as one’s confidence in their ability to complete the requirements of their planned
degree program (CITE). However, the Degree code doesn’t require prompts to include direct
language about self-efficacy. It simply captures moments where the student reflects on their degree
pursuit or related experiences, without necessarily focusing on their confidence in completing it.

Code: Career. The Career code captures the daily journal prompts discussing one’s in-

tended/chosen/future profession/career/occupation, or post-graduate/career plans.

When you think about the people (e.g. faculty, peers, mentors, family) who encourage
you in your academics and career plans, who are they and what are the things they say

to you that encourage you?

This prompt is an example of one that would be coded with the Career code due to the reference
to “...in your academics and career plans...”. Although this prompt is exploring social persuasion
in relation to the student’s pursuit of their intended career, it does not explicitly use self-efficacy
(SE) language.

The Career code was designed to be reflective of career-level self-efficacy. Career-level self-
efficacy is defined as one’s confidence in their ability to meet the educational requirements and
perform the job duties of their planned career (CITE). As such, the Career code focuses on the
educational requirements and job duties associated with students’ intended careers or professions,
but it does not require the inclusion of explicit self-efficacy language. Therefore, the Career code
aligns with the concept of career-level self-efficacy by addressing students’ reflections on their

future career plans and aspirations.

274



APPENDIX E

EXPERIENCES CODES - ALIGNMENT WITH THE SOURCE NATURE OF
SELF-EFFICACY

In this appendix, for each Experiences code, I'll discuss how it aligns with the domain-specific
nature of self-efficacy.

These codes reflect the types of experiences that serve as inputs into beliefs, in line with Ban-
dura’s (1997) four primary sources: mastery experiences, vicarious experiences, verbal persuasion,
and physiological/affective states. Each code is analyzed through this theoretical lens to illustrate
how participants’ experiences contributed to the development, reinforcement, or threat to their
efficacy beliefs.

Code: Evaluation of Confidence/Success. The Evaluation of Confidence/Success code high-
lights daily journal prompts designed to broadly elicit reflections from students about how they
interpret or assess their self-efficacy. This can include prompts that are broadly asking them to in-
terpret how confident they feel about about a task or ranking their confidence in relation to different
domains.

For example, the following prompt is an example of a prompt that receives an Evaluation of

Confidence/Success code.

Yesterday most of your day seemed to be focused on [modern physics course]. Tell
me a little more about how you are feeling in that class. When you think about the
various kinds of activities that are part of the class (for example attending lecture, doing
homework, preparing for exams) are there some that you feel more or less capable

while you're doing them?

This prompt invites students to reflect on their general sense of confidence in various course-
related activities. It doesn’t require students to rank these activities or explicitly evaluate their
confidence in each one, but instead prompts them to explore which tasks they feel more or less
capable of performing. The open-ended nature of the prompt allows students to articular their

perceptions of competence and confidence across different tasks, providing insight into their SE
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without constraining them to predefined categories. This makes it a valuable tool for capturing
students’ internal evaluations of their abilities in relation to the course as a whole, even if those
evaluations are explicitly ranked or quantified.

Another aspect of the Evaluation of Confidence/Success code is asking students to consider
what experiences they are using to evaluate their SE within a given context or toward a certain task.
Again, we intentionally write these questions in an open way so as to allow students to tell us which
sources of SE they are using and prioritizing in evaluating their SE. This is different then us giving
them specific sources and asking them directly how that source impacts their SE, as this is more
guided and may lead them to tell us how this experience impacts their SE as well as prioritizes this
experience in a way that may not be authentic to the student.

For example, consider this prompt from the Fall 2021 iteration.

Yesterday it stood to us that your confidence in your abilities in UGS200H was notably
higher. Could you tell us what was happening yesterday? What were you doing? Who

were you working with? What impacted your sense of confidence?

The last question—“What impacted your sense of confidence?’—was what led me to code
this prompt as Evaluation of Confidence/Success. This question invites students to reflect on the
factors that influenced their confidence, providing insight into how they are evaluating their SE.
There could be many factors at play that influenced their confidence in their research course, and
the open-ended nature of the question gives students the freedom to identify which experiences or
interactions were most salient in shaping their perceptions.

Code: Interactions with Others. The Interactions with Others code highlights the daily journal
prompts written to elicit reflections from students about how their interactions with others (e.g.,
peers, mentors, instructors) have shaped their self-efficacy. Because this code relates to students’
interactions with others, the ways in which students may perceive or interpret their interactions can
be different. For example, the prompt below shows how we used a daily journal prompt to explore

a specific moment:
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"Today, you told us you were meeting with [research faculty advisor] for [research
project]. Can you tell us a little bit more about what is [research project]? How did
your meeting with [research faculty advisor] go? How are you feeling?"

- Daily Journal Prompt, Rose, Week 4, Day 3

This prompt was coded as Interactions with Others because it encourages Rose to reflect on her
meeting with her research faculty advisor. The open-ended nature of the prompt was intentional:
we wanted to avoid leading Rose toward discussing a specific source of self-efficacy or making her
feel pressured to link the interaction directly to her self-efficacy. By sharing how the meeting went,
Rose might reference social persuasion, vicarious experiences, or other ways the advisor might
impact her self-efficacy—or she may not make a direct link at all. This example demonstrates
how Interactions with Others is connected to the experiences of self-efficacy, without necessarily
being linked to a specific source of self-efficacy. As such, the Interactions with Others code
cannot be directly equated with one of Bandura’s sources of self-efficacy. However, it can offer
valuable information that may cue or be linked to one of these sources. In particular, this code may
likely investigate social persuasion or vicarious learning experiences as a result of exploring the
interaction with another individual.

Some daily journal prompts identified as Interactions with Others were written to be more

closely aligned with social persuasion. An example from the Fall 2021 data is provided:

Reflecting over this past week, were there any people or experiences with people who
encouraged or discouraged you in a particular course you are in right now? Who are
they? What are the things they say to you that either encourage or discourage you in
the course?

- Daily Journal Prompt, Rose, Week 3, Day 5

This prompt was coded as Interactions with Others because it asks participants to reflect on
how their interactions with others — such as professors, peers, or mentors — have influenced

their self-efficacy in a specific academic situation. The question is designed to explore how these
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interactions may either encourage or discourage students in their belief about their ability to succeed
in the course.

In this case, the prompt is strongly linked to social persuasion, one of Bandura’s primary sources
of self-efficacy (1997). When participants describe receiving encouragement or discouragement
from others, they reflect on how these external verbal influences, whether positive or negative,
affect their confidence in their academic abilities. For example, if a student shares that a professor’s
praise boosted their confidence, that would clearly be an example of social persuasion. Similarly,
if a student mentions that a peer’s criticism made them question their abilities, that also reflects
social persuasion shaping their self-efficacy.

This example demonstrates how Interactions with Others can lead to experiences of social
persuasion, showing how external encouragement or discouragement may enhance or hinder a
student’s belief in their capabilities. However, it is important to note that while this experience is
tied to social persuasion, the Interactions with Others code itself is not synonymous with the source
of social persuasion. Rather, it highlights the type of experience that could influence self-efficacy
through social persuasion.

Code: Comparison to Peers. This code captures moments where participants reflect on
how they view their abilities in relation to others, particularly their peers in similar academic or
professional situations. This type of experience often involves students measuring their perfor-
mances, achievements, or progress against others, which may shape their confidence in their own

capabilities. A prompt given in Fall 2021 is provided below.

When you think about your classmates, how prepared do you feel, relative to them to

successfully earn your bachelor’s degree?

o What are the specific experiences you’ve had or things you've heard from other

people that make you answer the above question the way you did?

- Daily Journal Prompt, Charlotte, Week 4, Day 4
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This prompt was coded as Comparison to Peers because it asks participants to reflect on their
level of preparation relative to their peers to successfully earn their bachelor’s degree. The first
question is designed to explore how they perceive their abilities to earn their degree compared to
others, while the second question asks participants to share the experiences or insights that led to
their evaluation.

The first question of the prompt strongly invites vicarious learning, one of Bandura’s primary
sources of self-efficacy (1997). When participants compare their abilities to those of their peers and
reflect on how this comparison influences their confidence, it can lead to vicarious experiences. For
example, students may perceive their peers’ successes as motivating, while seeing others struggle
may lower their confidence.

This example demonstrates how the Comparison to Peers code often prompts students to reflect
on their peers’ experiences, which can influence their own self-efficacy. When participants observe
others overcoming challenges, it can enhance their belief in their ability to succeed. In contrast, if
they feel their peers are performing better, it can undermine their own self-efficacy by highlighting
perceived shortcomings.

Although the Comparison to Peers code does not directly represent vicarious experiences, it
often acts as a catalyst for them. By reflecting on comparisons, students may implicitly consider
others’ actions and outcomes, which ultimately shape their self-efficacy.

Notably, Comparison to Peers is strongly linked to vicarious learning, but it’s important to
remember that it focuses exclusively on comparisons with peers. However, comparisons can also
be made with other significant figures, such as mentors or faculty, and this influence should be
explored in future prompts. To gain a fuller understanding, we can design broader prompts that
allow students to reflect on any comparison, peer-related or otherwise, that could impact their self-
efficacy. This could help capture a more holistic view of how comparison shapes their self-efficacy
beliefs.

Code: Details and/or Feelings Regarding the Event. The Details and/or Feelings Regarding

the Event code captures individualized daily journal prompts designed to invite participants to
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reflect on specific moments, experiences, or events in their daily lives—eliciting rich, emotional,
or descriptive information. While these prompts do not always directly explore participants’ self-
efficacy, they surface the context and lived experiences that may be shaping it over time. These
types of prompts are particularly valuable in mixed-methods journaling, as they often serve as entry
points: either by providing necessary background before deeper exploration of self-efficacy, or by
introducing new, participant-driven insights that warrant follow-up through additional questions or
codes.

For example, consider this daily journal prompt from the Fall 2021 iteration:

When you think about the requirements for completing your major, what do you think

has been your biggest challenge?

o Tell me a story that illustrates this challenge. What were you doing? Who were

you talking to? How did you feel?

This prompt was coded as Details and/or Feelings Regarding an Event because it asks the
participant to reflect on a significant challenge related to completing their major, and to share a story
that illustrates that challenge. While the experience described could involve a mastery experience
or social persuasion (both sources of self-efficacy), the prompt is intentionally broad—designed to
elicit the participant’s own framing and interpretation of the event. Because of this openness, it
does not cleanly align with a specific source of self-efficacy.

At the same time, the prompt clearly engages the Degree context—aligning with the domain-
specific nature of self-efficacy—but without explicitly probing any particular source, such as
mastery experiences or social persuasion. This is precisely why the Details and/or Feelings code
exists: to capture foundational narratives and emotional reflections that may inform a student’s
self-efficacy, even when the prompt is not structured around a specific source. In this way, it fills
an important gap in the Experiences part of the codebook.

While the prompt analyzed earlier focuses on the emotional aspects of an experience (“How

did you feel?”), it is worth noting that the Details and/or Feelings Regarding an Event code also
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captures emotional reflections that could be linked to physiological states. However, it is important
to clarify that we cannot definitively claim that these emotional reflections are directly tied to
physiological states such as heart rate or muscle tension. Emotions and physiological responses
are complex, and while emotional experiences may sometimes reflect underlying physiological
states, this relationship is not always straightforward. As such, this code allows for the capture of
emotional and narrative reflections without explicitly asserting a connection to physiological states,

leaving open the possibility that they could overlap or be distinct.
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APPENDIX F

CODING PROTOCOL: UNIT OF ANALYSIS RULES

This appendix outlines the coding protocol used for the codebook, which outlines the unit of
analysis guidelines.

Purpose of Document: Within our data, there are many prompts and sub-prompts symbolized
by bullets and sub-bullets. To code the various daily journal prompts consistently, we developed a
set of rules describing the “unit of analysis” — decisions around coding the prompts and sub-prompts
depending on the portion of the content that receives that specific code. To describe our coding
protocol, I wrote a section titled “Unit of Analysis Rules” to detail our rules and then I wrote a
section titled “Walking Through Unit of Analysis Rules” to walk people through how we apply
those rules to examples.

General Steps for Coding:

1. Focus on the entire daily journal prompt at a time. An entire daily journal prompt will be

broken down into main prompts versus sub-prompts.

2. Look for and highlight referential phrases. Please find the purpose, description and further
examples of referential phrases in Appendix G. Once you have done this, pull up the Unit of

Analysis Rules provided in the next section of this document, and move onto (a) and (b).

a) Code the appropriate prompts and/or sub-prompts with the Context codes. — *Note:
When coding, the entire prompt or sub-prompt receives the appropriate codes (i.e., do

not code each sentence or group of sentences based on theme).

b) Code the appropriate prompts and/or sub-prompts with the Experiences codes. — *Note:
When coding, the entire prompt or sub-prompt receives the appropriate codes (i.e., do

not each sentence or group of sentences based on theme).

Unit of Analysis Rules:
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1. Code the main prompt and sub-prompt separately if there are no referential phrases. For
example, the sub-prompt counts as “course” if it directly names a course (e.g., PHY471) OR
if it refers back to an earlier prompt that named a course (e.g., a referential phrase, in which

case here is the course) OR if it asks a student to name a particular course in their response.

2. Main prompts and sub-prompts may get coded together whenever there is a referential phrase
— when there is a phrase linking one prompt to another prompt. Note that the referential

phrase may be in the main prompt or in the sub-prompt or in both prompts.

a) The referential phrase does not only link the main prompt and the sub-prompt. Follow
the rules accordingly for any mixing of levels between prompts. The referential phrase
may link across prompt types:

i. Main Prompt to Main Prompt
ii. Main Prompt to Sub-Prompt
iii. Sub-Prompt to Main-Prompt
iv. Sub-Prompt to Sub-Prompt
b) When the referential phrase, appearing within either/both the main prompts and/or sub-

prompts, is a phrase based on Context Codes, then the main prompt and sub-prompt

receive individual separate, same codes for domains.

1. In the case, where we have referential phrase(s) within the main prompt and
following sub-prompts, the prompts will only get separate, SAME code for Context

Codes, if the referential phrases are across both the prompt and sub-prompts.

¢) When the referential phrase, appearing within either/both the main prompts and/or
sub-prompts, is a phrase based on Experiences Codes, then we code the next prompt

together with the earlier prompt resulting in a singular code across these prompts.
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APPENDIX G

CODING PROTOCOL: REFERENTIAL PHRASES

This section serves the following purposes:
* Document why we created Referential Phrases - Motivation for Referential Phrases

* Present a general overview of Referential Phrases (e.g., description of the highlighted code

and how to apply the code

Modification for Referential Phrases

When coding the daily journal prompts, there were a couple of daily journal prompts that were
challenging to code because there was a nuance in them that [ had observed, which was that it felt
inauthentic to code prompts and/or sub-prompts separately when they were written about the same
topic, event or contexts. To illustrate this, I have provided an example daily journal prompt below,
where we have written a daily journal prompt regarding a participant’s experience of working on a
physics homework with a friend one day. The entire daily journal prompt consists of a main prompt
and three sub-prompts. The main prompt situates the participant by telling them that the following
questions will be regarding their experience of working with a friend on this physics homework.
Then in each sub-prompt we ask a different question regarding this experience. If we were thinking
about Context codes, we know the course (i.e., PHY 471) and the task (i.e., working on homework),
but if I only apply the code based on the words within this prompt, we dropped the course context
in the first two follow-up questions presented in the first two sub-prompts. This information still
applies to those two sub-prompt though. Thus, we would have missed capturing this nuance in our
coding, which felt inauthentic to the daily journal prompt(s) that were written, so I wanted to create
a way to account for this complexity within the daily journal prompts. To do this work, I would
need a way to link prompts and/or sub-prompts together based on shared topics and/or contexts, if

present within the daily journal prompt, so the “Referential Phrases” code was built to do this work.

Yesterday you told us you were working on [Quantum Mechanics 1] homework with a

friend.
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e How did this group work session on the homework go?
e How [did] you feel about the homework after that session?

e How did this group work session with your friend on the homework affect your

confidence in your abilities in [Quantum Mechanics 1]?

General Overview of Referential Phrases

* Code Description: A referential phrase is any phrase that may appear in a prompt and/or
sub-prompt that serves to link prompts and/or sub-prompts together based on the sharing
of a topic or context. A link between prompts and/or sub-prompts means that the prompt
or sub-prompt is referring back to an earlier prompt or sub-prompt via the shared topic or

context(s).

— This is not a traditional code like the Contexts codes or the Experiences codes. This
code is meant to support a coder in recognizing when prompts and/or sub-prompts
should share Context and Experiences codes. Because Referential Phrases are meant to
support when prompts and/or sub-prompts should share Context and Experiences code,
in MAXQDA, I recommend using the Color Coding (Highlighting) tool. This will help

draw the eye to Referential Phrases that exist within a prompt.

* Unit of Analysis:

— Referential phrases are applied to phrases within prompt or sub-prompt. Unlike the other
codes that exist, the Referential Phrase code does not get applied at the prompt-level

(i.e., code the entire main prompt or sub-prompt).

— Referential phrases may be in the main prompt or in the sub-prompt or in both the main

prompt and sub-prompt.
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