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ABSTRACT
Introductory computer science for non-majors, often referred to
as CS0, is a course that is designed to be more accessible and less
intimidating than CS1, with the goal of alleviating barriers and fears
associated with learning computer science (CS). However, despite
this intention, many students still struggle in CS0 and these courses
do not always successfully prepare students for future CS learning
experiences. In this paper, we study the experiences of CS0 students
with a particular focus on the intersection of their metacognition,
affect, and behaviors. To study students’ daily learning experiences,
we collected data from 20 participants who completed structured
daily diaries and retrospective interviews over the course of a single
homework assignment. Through a thematic analysis of the diaries
and interviews, we identified three distinct patterns of engage-
ment that highlight the importance of metacognitive knowledge of
strategies, or a students’ understanding of when, why, and how to
effectively use regulation and disciplinary strategies while working
on tasks. The three patterns of engagement include: (1) avoidance
behaviors resulting from negative emotions, negative judgements,
and a lack of metacognitive knowledge of strategies, (2) persis-
tence or re-engagement behaviors despite negative emotions and
judgements aided by metacognitive knowledge of strategies, and (3)
persistence behaviors with evidence that metacognitive knowledge
of strategies prevented students from forming negative judgements
in the first place. We contribute an initial model of the interplay of
metacognition, affect, and behaviors in CS learning, showing the
role of metacognitive knowledge of strategies in helping students
persist in the face of struggle. In our discussion, we advocate for ex-
plicit interventions that support students in developing metacogni-
tive knowledge of strategies while also supporting their sometimes
challenging emotional experiences.
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1 INTRODUCTION
“I always really disliked getting stuck. And I know I
have a tendency to just give up and that’s not good. But
it really sucks when you have a bug. And I just don’t
really know if I have the patience to go through it and
figure it out sometimes because those negative emotions
are hitting me. Being stuck on this project was a reason
some days I just didn’t work on it because I don’t know
where to go unless I go to office hours ... I just don’t
know how to cope with problems in CS other than just
going to a TA and trying to ask them how to figure out
my problems.”

This quote was shared by one of our participants, who was taking
an introductory computer science course for non-majors (CS0),
when describing her reaction to struggling while programming.
CS0 courses are designed to be more accessible and less intimidat-
ing than traditional CS1 courses, with the goal of reducing barriers
and fears associated with learning CS and engaging more students
in the field [1, 26]. However, despite being enrolled in a CS0 course,
our participant still experienced challenges that are common for
many novice CS learners. Previous studies have shown that the
programming experiences of novices are intricately interwoven
with their emotions [30, 31] and self-assessments [23], and that
negative experiences can derail the problem-solving process and
decrease student persistence [37]. For example, Kinnunen and Si-
mon found that many students feel confused when getting started
on a programming assignment, feel like they are “stupid” when they
encounter challenges, and ultimately experience low self-efficacy,
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or the belief that they are not able to learn the subject matter [30].
How can we support students in overcoming these negative emo-
tions and judgements so that they can make progress towards their
learning goals?

In this paper, we begin to explore this question by studying
the intersection of metacognition, affect, and students’ behaviors.
Metacognition is a broad term that is comprised of metacognitive
knowledge, or the awareness of oneself, the task, and appropriate
strategies,metacognitive regulation, or the active regulation of one’s
thinking process, andmetacognitive experiences, or subjective judge-
ments and feelings in relation to the task, oneself, and one’s learning
[14, 20, 54, 57]. Many studies have established the importance of
metacognition and self-regulated learning (SRL) in allowing stu-
dents to identify difficulties and take strategic actions in response
[11, 17, 24]. Affect, on the other hand, refers to emotions and other
mental states such as mood and feelings [21], which have been
shown to impact the learning process [62]. While most empirical
research has studied metacognition and affect independently, a
more recent line of work led by Efklides has argued for the impor-
tance of studying the two together, since affective experiences are
a core part of a student’s learning experience that influence and
are influenced by metacognitive experiences [15, 16].

Within the field of CS education, researchers have applied mod-
els of metacognition and SRL to understand student strategies [18],
improve their problem solving [40], and explore the interaction
between their metacognition and self-efficacy [39]. However, very
little research has considered the role of affect in student metacog-
nition in this context. In a recent review of research on metacog-
nition and self-regulation in programming education, Loksa et al.
cited MASRL [16], a model developed by Efklides that encompasses
metacognition, affect, and SRL, as an underutilised theory in CS
education research [41]. Addressing this gap, we study student
behaviors while working on programming assignments through a
lens of both metacognitive and affective experiences to understand
the relationship between these factors.

We present findings from a qualitative study that we conducted
with 20 students who were enrolled in a CS0 course. Participants
completed daily diaries [59] and retrospective interviews over the
course of a single homework assignment to uncover their metacog-
nitive and affective journey. Through a thematic analysis of the
diary and interview data, we identified three distinct patterns of
engagement that highlight the importance of metacognitive knowl-
edge of strategies, or a student’s awareness of when, why, and how
to apply metacognitive and disciplinary skills effectively [20, 58],
for their task engagement andmetacognitive experiences. The three
patterns of engagement are: (1) avoidance behaviors resulting from
negative emotions, negative judgements, and a lack of metacog-
nitive knowledge of strategies, (2) persistence or re-engagement
behaviors despite negative emotions and judgements with the help
of metacognitive knowledge of strategies, and (3) persistence be-
haviors with evidence that metacognitive knowledge of strategies
prevented students from forming negative judgements in the first
place.

Our work contributes an initial model of how metacognition,
affect, and behaviors interact in students’ learning experiences
based on our empirical data. Given our findings, we advocate for
increased attention to the central role of metacognitive knowledge

of regulation and disciplinary strategies in student programming
learning, and we propose design implications for interventions in
this space.

2 THEORETICAL FRAMEWORK
In this work, we draw on theories ofmetacognition and self-regulated
learning (SRL) from the fields of psychology and the learning sci-
ences. Conceptualizations of metacognition have evolved and ex-
panded over time [61], resulting in a rich and complex theoretical
landscape. Metacognition can be understood as a continuous pro-
cess of monitoring cognitive activity and using the information
gained through monitoring to decide which action to take next
[6, 20, 32, 46]. In contrast, self-regulation is the ability to manage
and regulate one’s thoughts, emotions, and behaviors to achieve
specific goals [8, 49]. These two concepts, metacognition and self-
regulation, are closely intertwined, and the terms are occasionally
used interchangeably due to their overlapping definitions [24, 61].
In a more recent line of work, Efklides bridges across metacognition,
affect, and self-regulated learning by introducing the metacognitive
and affective model of self-regulated learning (MASRL). This model
emphasizes the importance of subjective experiences, encompass-
ing both metacognitive and affective dimensions, in shaping how
individuals regulate their cognitive processes.

To ground our research, we developed a theoretical framework
that focuses on the core aspects of metacognition, SRL, and MASRL
most relevant to our current study, specificallymetacognitive knowl-
edge, metacognitive experiences, affective experiences, and regula-
tion strategies. We also incorporate disciplinary strategies from CS
into our framework because effective metacognition depends on
knowing these strategies. We unpack each of these aspects below,
and provide a visual representation of our theoretical framework
in Figure 1.

Metacognitive knowledge encompasses stable beliefs about one’s
cognitive activities or cognition in general, including knowledge
about oneself, the task, and associated strategies [5, 14, 20]. In our
work, we focus primarily on metacognitive knowledge of strategies,
or a student’s understanding and awareness of when, why, and how
to apply regulation strategies and disciplinary strategies effectively
in various tasks or situations. Metacognitive knowledge is further
categorized into declarative knowledge, procedural knowledge,
and conditional knowledge [33, 50, 54]. Declarative knowledge
involves knowing facts about oneself, the task’s demands, and
the strategies that are available [54, 57]. Procedural knowledge
includes knowing how to use strategies [54, 57]. Finally, conditional
knowledge refers to the knowing when and why to apply specific
strategies in different situations [54, 57].

Metacognitive experiences encompass the momentary experi-
ences of a learner while working on a particular cognitive task.
These experiences can be further categorized into metacognitive
judgements (e.g., a student’s judgement of their own understand-
ing), metacognitive feelings (e.g., a student’s feeling of confidence),
and the metacognitive knowledge that is in active use while moni-
toring the problem-solving process (e.g., a student’s belief that they
are not good at this) [14, 15, 20, 58]. In MASRL, metacognitive expe-
riences are characterized as the connection between metacognition,
affect, and motivation [16]. For example, emotions commonly arise
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Figure 1: The theoretical framework we developed that focuses on the core aspects of metacognition, self-regulated learning,
and the metacognitive and affective model of self-regulated learning (MASRL) most relevant to our current study. Metacognitive
knowledge refers to stable beliefs about cognition, including knowledge about oneself, the task, and regulation and disciplinary
strategies. Metacognitive experiences refers to the momentary experiences of a learner while working on a particular cognitive
task, which are closely tied to their affective experiences. Regulation strategies refers to strategies related to monitoring and
controlling one’s learning processes. Finally, disciplinary strategies refers to the cognitive strategies employed while solving
programming problems.

when students experience feelings of under-confidence or make
negative judgements of their learning progress or comprehension
[15]. These affective experiences and metacognitive experiences
interact to impact how students employ strategies to reach their
goals [16].

Regulation strategies is a term we define to encompass a set of
strategies discussed in the metacognition and SRL literatures that
relate to the ability to monitor and control one’s learning processes.
Metacognitive regulation strategies include orienting, planning,
monitoring and adjusting, and reflecting [3, 60, 66]. Orienting in-
volves assessing and understanding the task and evaluating what
one knows [3, 66]. Planning entails setting goals and subgoals, as
well as thinking about implementation [3, 66]. Monitoring and ad-
justing refers to continuously checking one’s progress, knowing the
current state, comparing with goal states, and making modifications
as necessary [3, 66]. Reflecting involves evaluating one’s strategies
or learning process, and thinking about alternative strategies after
completing a task [3, 66]. Emotional regulation, taken from SRL,
includes strategies for managing negative affect such as using reas-
suring self-talk, redirecting, or taking a break and coming back to
the task later [8].

Disciplinary strategies, which is a term we use to refer to the
cognitive strategies used in the discipline of computer science,
encompass approaches for solving programming problems. For ex-
ample, strategies such as systematic debugging [45], code tracing
[27], and decomposing problems [56] are all categorized as disci-
plinary strategies. We include these strategies in our theoretical
framework because they are important for understanding student
problem-solving behavior. Disciplinary strategies are used to make
progress on the task at hand, while regulation strategies are used to
monitor whether the disciplinary strategies are effective and con-
trol decisions about which strategies to use next. When a student
does not have a strong understanding of disciplinary strategies,

they are not able to select and apply the most appropriate strategies
[8].

3 RELATEDWORK
3.1 Introductory Computer Science Courses for

Non-Majors
While increasing numbers of students are enrolling in computer
science courses [67], many struggle to learn programming and
retention rates in computing programs are low [51]. Low retention
is especially noticeable among women and students of color, which
negatively impacts diversity in computing [35]. Researchers have
explored a variety of approaches for helping novice students learn
programming more effectively, including developing new curricula
[28], programming languages [19], and collaborative programming
approaches [43].

More recently, researchers have established the importance CS0
courses in helping increase diversity and address the growing
relevance of computing to other disciplines [53]. In traditional
CS1 courses, students often struggle with a lack of understanding
of problem-solving approaches, and demotivation from low self-
efficacy [44]. In an effort to make CS0 more accessible and less
intimidating, researchers have explored several ways of restructur-
ing course content, including a focus on computational thinking
instead of programming [9], using media-based creative tasks [25],
and reducing workload to make learning more manageable [10].
While studies show that CS0 courses can alleviate fears associated
with learning CS and help to improve confidence [2, 26], there is
also evidence that they do not necessarily prepare students for fu-
ture computing learning experiences [52]. Our research contributes
new understanding of the challenges that CS0 students encounter
while learning to program, which can foster the design of new
curricula and interventions to better support their learning.
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3.2 Metacognitive and Affective Experiences in
CS Education

CS education researchers have argued that introductory courses
must go beyond teaching syntax and semantics, as metacognitive
skills are a key component of student success in the field [4, 40, 55].
Loksa et al. conducted a systematic review of the growing body of
research on metacognition and self-regulation in computing edu-
cation, highlighting the usage of different theoretical frameworks
in recent articles [41]. Some of this research aims to understand
student strategies [18] and the interaction between self-efficacy and
metacognitive strategies [39]. Other research explores the design
of interventions that cultivate metacognitive regulation while pro-
gramming. For example, Loksa et al. introduced a novel intervention
that teaches problem-solving and metacognition explicitly by pro-
viding lessons on problem-solving techniques, visualizing student
progress across problem-solving stages, supporting self-reflection
guided by prompts, and providing contextual assistance through
the code [40]. Metacodenition [48] provides metacognitive scaffold-
ing for problem-solving based on the six stages of problem-solving
framework presented in [40]. Pensieve surfaces students’ program-
ming process through visualizations that support one-on-one con-
versations between teaching staff and students around strategies
and practices [65]. Code replays offer opportunities for students to
reflect on their programming process, which had the potential to
support self-regulation in novice programmers [64].

Affective experiences, which often arise alongside metacogni-
tive experiences when students make judgements of their learning
progress or comprehension [15], represent another significant area
of research within CS education. Lishinski and Rosenberg found
that students’ long-term interest and learning outcomes are sig-
nificantly influenced by factors including momentary self-efficacy
assessments and affective experiences [38]. Kinnunen and Simon
showed that the programming experiences of CS1 students are
interwoven with their emotions [30]. For instance, CS1 students
often feel confused when getting started on a programming task,
feel like they have been “struck by lightning” and that they are
“stupid” when encountering challenges, feel fed up and frustrated
after several debugging attempts, and ultimately experience low
self-efficacy in CS [30].

Despite the clear importance of both metacognitive and affective
experiences, few studies within CS education have studied the
intersection. In their literature review, Loksa et al. emphasized the
need for further research grounded in MASRL model that includes
both metacognition and affect. By exploring the interplay between
metacognition, affect, and behaviors in the context of CS education,
we aim to fill this gap.

4 METHOD
To better understand the relationship between students’ metacog-
nition, affect, and their programming behaviors, we conducted a
qualitative study of students’ experiences as they navigated a CS0
course. We collected data throughout the 12-week course, with a
few students participating each week. Participation was structured
around the due dates of programming homework assignments, as
we were interested in learning about students’ programming pro-
cess. Students have two lectures and one tutorial session each week,

where the tutorial is a small group session with about 10 people led
by a teaching assistant. Most students participated for one week,
but some students participated over a three-week period during
the course’s final project. While participating in the study, students
were asked to complete daily journals to reflect on their experiences
leading up to, during, and after working on their homework as-
signment. The diaries also asked them to reflect on supplementary
course activities such as attending office hours, lectures, and prepar-
ing for quizzes. Students were not required to complete diaries on
days when they did not work CS0 course-related tasks. After the
homework due date, a researcher conducted an interview with each
participant to learn more about their experience.

4.1 Participants
We recruited 20 students from a large private university in the Mid-
western United States. All participants were enrolled in the same
CS0 course. 11 of the 20 participants reported that they had prior
programming experience, such as in Scratch or taking a Statistics
course in R. Of the participants with prior experience, three reported
taking AP Computer Science Principles or AP Computer Science A
in high school. These are Advanced Placement (AP) courses offered
in the United States to introduce students to CS and prepare them
for college-level coursework.

Students were invited to participate in the study through an
announcement made in class and via email. We chose to work with
students in CS0 because we hypothesized that non-majors would
be more likely to hold negative beliefs about their CS abilities, a
phenomenon we were particularly interested in studying.

In Table 1, we present a brief summary of the homework assign-
ment each participant worked on while taking part in our study.
This table also shows how our data collection was distributed across
the 12-week course.

4.2 Procedure
4.2.1 Daily reflective journals. To surface participants’ affective
and metacognitive experiences, we asked them to complete daily
journal entries [59]. Participants were directed to an online form
that prompted them to answer a few short answer questions about
any course activities they took part in that day (see Table 2).

Our goal was to gain insight into participants’ experiences with-
out a long period of time between the experience itself and when
they documented and reflected on it. Additionally, we were in-
terested in capturing any differences in participants’ affective and
metacognitive experiences across the week, such as at the beginning
of a homework assignment vs. when the deadline was approaching.

4.2.2 Retrospective interview. We asked participants to schedule
one-on-one interviews with the first author immediately after they
submitted their homework. All interviews occurred within five days
of the associated homework deadline. During the interviews, the
researcher asked follow-up questions based on their daily journal
entries. Additionally, the researcher asked participants to reflect
on their overall experiences in the class. The interviews allowed
participants to expand on the journal entries they wrote the pre-
vious week. These responses were recorded using Zoom’s built-in
functionality, and then automatically transcribed using Rev. These
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Table 1: Brief Summary of the Homework Assignment Each Participant Worked On

Week Homework Homework Description Participants
W1-W3 Various Various None

W4 HW3
Create an original musical piece with a length of 16
to 32 beats from scratch. Use list or tuple, variables,
and functions to create four tracks.

P1, P2, P3,
P4, P6, P7,
P8, P9

W5 None None None

W6 HW4
Change the example code to draw basic shapes
Practice writing functions that enable you to
create more complex shapes.

P11, P12

W7 HW5 Write a program to draw a creature or your own
design using Tkinter.

P15, P16,
P17

W8-W9 HW6 Write a text-based version of the game Wordle. P14, P18

W10-W12 Final Project Create a visualization of a real-world data set.
P20, P21,
P23, P25,
P27

Table 2: Daily journal questions

Section Questions

Task completion

What course-related tasks did you do today?
How long you spent on each task, what you did and why you decided to
work on it?
For the task that took you the longest time, could you walk me through
your thought process and how you approached the task?

Challenges

What did you struggle with today, if anything, and why did you struggle?
What emotions, if any, did you feel while struggling and why did you
think you felt that way?
How did your struggles and your emotions affect your behaviors, if any?
How did your struggles and your emotions affect your beliefs about
yourself or [cs0], if any?
Were you able to overcome your struggles? If so, what actions did you
take to overcome them? Or what did you plan to do next?

Overall reflection

Which activities you engaged in today contributed most to your learning?
Reflecting on your learning process today, what have you done well today?
What, if any, are things you wish you had done differently?
Anything else you want to share?

automated transcripts were edited by the first author during analy-
sis to correct any transcription errors.

4.3 Data Analysis
We conducted a thematic analysis [29] of the daily journal responses
and interview transcripts to identify themes related to students’
affective and metacognitive experiences and their employment of
strategies. The first and second authors conducted inductive, open
coding, discussed initial themes, and reached an agreement on
initial codes and definitions.

Following the initial round of coding, we compared our cate-
gories to existing theories in the literature and adopted terminology

that matched the theory. The two authors then clustered the ini-
tial codes into six categories: disciplinary strategies, regulation
strategies, metacognitive experiences, metacognitive knowledge,
affective experiences, and environmental factors. Environmental
factors refers to additional aspects of student learning experiences
that can influence their behaviors, beliefs, and emotions, such as
class structures, the topic of assignments, and social interactions.
We aimed to identify patterns and tensions within each category,
specifically focusing on affective and metacognitive experiences
during struggles, task engagement in response to emotions and
metacognitive judgements, and participants’ metacognitive knowl-
edge of strategies. The themes that resulted from this second round
of coding were presented to all authors, who discussed the data
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Figure 2: A Characterization of our participants according to their affective experiences, metacognitive experiences, and
behaviors. The underlined participants have prior experiences with programming, including Scratch, code.org, or AP CS
Principles/A (which is further denoted with an asterisk.)

supporting each theme and confirmed them. Together, we refined
and finalized the findings presented below.

5 RESULTS
In our data analysis, we found that all students (except for one
who encountered no significant challenges) reported that they ex-
perienced negative emotions when they struggled with their pro-
gramming assignments. Of these, 15 participants described having
negative metacognitive experiences related to their task progress
and confidence in response to the struggle. The most commonly
reported negative metacognitive experiences were feeling incom-
petent about coding ability, feeling under-confident, and feeling
unable to complete tasks. These negative affective and metacog-
nitive experiences stemmed from programming experiences like
being unable to complete homework independently, struggling to
understand and fix errors, failing to start coding or fixing errors
quickly, not understanding the example code, and feeling uncertain
about how to apply concepts, which align with previous research
[22].

These intertwined negative affective and metacognitive expe-
riences often influenced participants’ decision-making regarding
task engagement. We observed three distinct patterns in response
to these experiences among our participants. 12 out of the 19 partic-
ipants demonstrated avoidance behaviors, such as putting off home-
work until they received help from friends or teaching assistants
or giving up on assignments for partial credits. In contrast, eight
participants demonstrated resilience in overcoming their struggles,
including one participant who shifted from initially avoiding to
re-engaging. We divide these eight into two separate patterns: four
participants initially experienced negative metacognitive judge-
ments and feelings related to their coding competence and task
completion but ultimately gained confidence in their abilities, and

four participants never experienced negative metacognitive experi-
ences in the first place. Figure 2 presents a characterization of 19
participants who reported facing struggles.

In this section, we describe three broad patterns of student en-
gagement: avoidance of struggle, persistence through struggle de-
spite negative emotions and metacognitive experiences, and persis-
tence through struggle with an absence of negative metacognitive
experiences. We draw connections between students’ engagement
patterns and their emotions, their metacognitive experiences, and
their metacognitive knowledge of strategies.

5.1 Negative Affective and Metacognitive
Experiences Lead Many Students to
Disengage

In this section, we present the avoidance behaviors we saw in par-
ticipants who disengaged, along with the reasons they gave for
resorting to giving up and waiting for help. We highlight that par-
ticipants who fell into this pattern expressed not knowing alternate
strategies for moving forward. Then, we discuss why this pattern
of behavior could harm students’ learning.

5.1.1 A pattern of disengagement due to not knowing alternative
strategies. When participants face struggles and experience nega-
tive emotions such as annoyance, frustration, and tiredness, make
momentary negative metacognitive judgements regarding their
coding competence, or express uncertainty about their ability to
complete tasks, a common reaction is to avoid the task and rely on
others for help.

Instead of actively engaging in strategies to overcome challenges,
participants were often overwhelmed by negative feelings, opting
instead to put off the task until the deadline, wait for lectures and of-
fice hours to give them guidance for the next steps, or even give up
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to earn partial credit. For example, P7 talked about feeling frustrated
and irritated because she did not understand how to implement a
task she perceived as simple, and how this made her feel uncertain
of her ability to fulfill the assignment requirements. This made her
“put off the homework for the weekend”, which was close to the
assignment deadline onMonday. Some students also described over-
powering negative emotions that led to their decision to disengage
with learning, leaving them feeling a lack of coding competence.
For instance, P14 expressed her tendency to give up “because I was
tired of feeling bad.” P11 mentioned, “I very quickly gave up doing
the homework because I was annoyed with being upset.” P21 also
expressed her feeling of discouragement and wanting to give up: “I
just don’t really know if I have the patience to go through it and
figure it out sometimes because those negative emotions are hitting
me.” Additionally, P6 described that the struggle made him feel
“stressed and discouraged”, leading to doubts about his level of un-
derstanding, which demotivated him from incorporating concepts
required in practice. All of these examples illustrate the pattern of
participants resorting to avoidance due to overwhelming negative
emotions and metacognitive experiences, ultimately derailing their
learning process.

We found that participants who gave up and avoided their home-
work ultimately moved forward by asking for help in person. Eight
of the 11 participants who disengaged from their homework re-
ported that they waited for lectures, tutorial sessions, or office hours
to make progress. For instance, P6 decided to wait until the tutorial
to figure out the problem with his homework. P14 planned to seek
clarification from others in person so “flagged it to ask in office
hours.” Additionally, P21 expressed that, when overwhelmed by
emotions and losing their patience to persist at task, “I don’t know
where to go unless I go to office hours.” Five participants reported
overcoming their struggles after getting help from TAs.

Our analysis revealed that the participants who avoided tasks
and sought help from others did not report trying many effec-
tive strategies to address challenges by themselves. The strategies
they did report using included: orienting through identifying the
homework requirements and what they learned; planning through
thinking about desired outcomes and identifying analogous exam-
ples; tinkering with code; referencing course materials, notes, and
similar examples; debugging by trial-and-error; and memorizing
syntax to become familiar with how to implement certain con-
cepts. The predominant strategies reported by all participants for
approaching homework were referencing course resources to find
the exact code or working from similar examples. P15 mentioned
that if she needed to create a visualization that uses shapes like
circles and ovals, she would prefer that the course provides similar
examples showing how to implement them, as she felt the need to
“work with a foundation instead of starting from scratch.” P23 also
expressed similar ideas that “without the example provided by the
professor, I don’t think I would’ve been able to figure out [how to
complete the homework.]” Other than referencing course resources,
several students use trial-and-error strategies to debug, where they
“changed all elements, one at a time, and tried everything until it
produced what was expected.” P3, P7, and P14 said they memorized
syntax to learn concepts and apply them to homework. As P14
elaborated, “I have to remember what the functions are, what the

exact formatting is, if there’s a dot something, it has to be in your
vocabulary.”

From these participants’ experiences, there is a noticeable ab-
sence of a variety of effective strategies, particularly when com-
pared to the participants who engaged with struggle, who will be
discussed in Section 5.2. Apart from referencing course resources,
most students reported no use of effective regulation and disci-
plinary strategies, such as planning through thinking about code
implementation, monitoring their progress, switching strategies to
achieve goals, decomposition, systematic debugging, and reading
documentation. Students who tried to debug suggested that they
changed elements randomly until the desired outcomewas achieved
rather than employing structured methods to identify errors, such
as tracing, unit testing, etc. Some students used memorization as
a way to learn programming. While memorization can be bene-
ficial for recalling syntax, professional programming emphasizes
understanding of principles, the use of problem-solving techniques,
systematic debugging, and adaptive planning in varied contexts
[36]. Memorization will not help with these core skills.

In fact, some participants explicitly mentioned that they didn’t
have access to strategies to help them move forward, other than
asking for help from course staff. P21 elaborated that she wouldn’t
re-engage in the task because she did not have enough strategies
to fix errors when got stuck:

I always really disliked getting stuck. And I know I
have a tendency to just give up and that’s not good
at all . . . some days I just didn’t work on it because
I don’t know where to go unless I go to office hours
or something . . . I just don’t know how to cope with
problems in CS or in math other than just going to
a TA and trying to ask them how to figure out my
problems.

Even though she recognized that giving up did not benefit her learn-
ing, the absence of metacognitive knowledge regarding strategies,
coupled with overpowering emotions and negative self-judgements,
led to the tendency to stop working. P15 also mentioned that she
found debugging hard and would give up due to lacking effective
strategies and knowledge for debugging, as well as experiencing
frustration.

Participants’ lack of metacognitive knowledge of strategies was
also evident in their ineffective use of strategies, such as trial-and-
error for debugging, which often resulted in disengagement from
the task. When they tried to debug through trial-and-error, they
tried all concepts from the course resources to see which would
work. P3 elaborated she used trial-and-error by “changing the paren-
theses to a bracket or trying a different line of code method that I
happen to know, trying to fit the puzzle piece until it works.” P11
said: “you’re just going to have to type random things and hope it
works ... if it’s helping then I’ll just keep doing that, or you kind
of just stare at your computer.” While trial-and-error involves ex-
perimentation, in reality, it is a systematic testing approach that
relies on the programmer’s understanding of the problem and pro-
gramming concepts. It appears that many participants don’t know
how to use this strategy effectively. It’s also possible that partic-
ipants don’t have the content knowledge needed to identify the
problem and form a hypothesis, a requirement for applying this
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strategy effectively. P15 explained: “I try to go to the ones that
most obviously seem like they could be the problem, but if that
doesn’t work, I do just try everything.” P15 resorted to ineffective
trial-and-error when he lacked the necessary content knowledge to
be more systematic. Ineffective strategy use is important because it
ultimately contributes to disengagement from tasks.

In summary, we observed a pattern of participants’ avoidance
behavior influenced by negative affective and metacognitive expe-
riences. Further analysis showed that the participants who fell into
this pattern used fewer and less effective strategies than those who
fell into the engagement pattern (see Section 5.2). Some participants
mentioned that they relied on help from TAs because they lacked
strategies to move forward independently. This suggests that stu-
dents in this group may have insufficient metacognitive knowledge
regarding strategies to address their issues on their own, ultimately
derailing participants’ engagement with practice.

5.1.2 Why is this pattern of avoidance and reliance on external help
a problem? When participants don’t have access to effective strate-
gies, it is natural for them to depend on TAs and other help to move
forward. While help-seeking is an important part of learning, prior
studies have also pointed out that not all help-seeking is effective
[34, 42, 47]. Students and TAs prioritize fixing immediate problems
in homework assignments over teaching students effective strate-
gies [34, 42]. Students often expect TAs to provide explanations of
code implementation or even direct answers, and as a result TAs
feel pressure to offer students detailed guidance even if it means
providing explicit answers to problems [42]. In fact, some of our
participants reported that they asked for or received answers from
TAs. For instance, P27 mentioned that she showed her code to a
TA who suggested that she change the list to a dictionary, a direct
answer to her issue. P12 shared that one time she and her class-
mates didn’t know how to get started on the homework. When
asked, the TA went over the beginning of the solution. When P15
talked about her help-seeking experience with the TA, the inter-
viewer asked whether P15 understood how the TA had solved the
problem, and she answered “I’m not sure, she just suggested it
after changing some values.” This reflects a concerning reliance
on external support as a way to receive answers, rather than to
learn disciplinary strategies that would help students overcome
struggles, which potentially impedes their self-confidence.

Another potential harm of avoiding independent work and rely-
ing on TAs to resolve issues is that, when students do not receive
the assistance they need, it can exacerbate negative emotions and
reduce interest in class. P6 went to office hours but the TA wasn’t
able to fix his issue, which added to his stress and disappointment.
He felt that that office hours were “unproductive,” and that he
was incapable of completing the task. Consequently, P6 decided to
not continue working on the homework because he was uncertain
about what to do next, and decided to “try winging the assignment
and hope for partial credit.” He further reported, “I’m starting to
like this course way less now.” This case highlights that when stu-
dents fail to receive help from a TA, especially when they heavily
rely on assistance, it can lead to heightened stress and disappoint-
ment, further disengagement from learning, even a loss of interest
in class.

The students who fell into this pattern of avoiding tasks and over-
relying on help often led to negative metacognitive experiences that
extended beyond the task. Their negative emotions and feelings of
incompetence during moments of struggle led to concerns about
their ability to complete coursework, get good grades, pursue CS,
and whether they possessed the innate ability needed to succeed in
CS. P18 talked about how not being able to understand the example
code triggered feelings of frustration stemming from “not being
able to start sooner”, which ultimately led her to “quit studying
sooner”. This frustration further made her “question my ability to
successfully complete this course [...] with an A.” This demonstrates
that her negative emotions were so overpowering that she could not
spend more time on the task. Her emotions escalated her feelings
of incompetence, undermining her confidence that she could get
a good grade in the course. P17 reported having trouble applying
concepts and feeling frustrated, stating that “these emotions led
me to stop the work for today in hopes of getting answers at a
tutorial session or office hours this week.” This experience left her
with a feeling of “believ[ing] that I couldn’t adequately complete
the work or any other work that may be given to me. This also
mitigated my beliefs about completing a minor in CS.” The negative
metacognitive judgement of her ability in coding extends beyond
the current task to questioning her capability to complete any future
task, leaving her uncertain about pursuing a CS minor.

The combination of struggle, negative affective and metacog-
nitive experiences, and social comparison led some students to
believe that they don’t have the necessary innate ability to succeed
in CS. P7 said her friends had told her that CS0 would be easy if
she had the right way of thinking. When she struggled with tasks
she perceived as simple, she said it made her feel like “I’m bad at
computer science and don’t have the way of thinking”. P21 also
expressed her belief that the way of thinking in CS is innate. She
felt disappointed in herself and reported that “I do wish I were
clever enough to solve these problems on my own.” She further
elaborated in the interview that:

I can’t intuitively tell where my problem is. It seems
like some of the TAs just look at your code and they
can intuitively tell, that’s so impressive . . . some of
my friends could even look at some of my code and
be like, I can tell what’s wrong with this ... So clearly
they have some intuitive sense of what is wrong and
what is right.

P16 also reported feeling incompetent because she could not start
coding right away. She believed that some people could start right
away because they have the CS way of thinking, which made her
feel discouraged and not gifted in CS. This reveals a fixed mindset
[12, 13] regarding the innate nature of CS, which could discourage
students who do not perceive themselves as naturally gifted from
learning disciplinary knowledge and further persisting in CS.

Overall, our data reveals a troubling pattern among students
who have insufficient metacognitive knowledge of the strategies
needed to move forward when they face struggles. Figure 3 is
a diagram demonstrating the synthesis of all participants’ cases
falling under this disengagement pattern. Participants experienced
negative emotions and negative metacognitive judgements of their
coding ability and task progress. They used limited regulation and
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Figure 3: A synthesized diagram that demonstrates all participants’ cases falling under the disengagement pattern

disciplinary strategies compared to the participants who fell into the
engagement pattern (see Section 5.2). Some students experienced
a spiral effect in the end. We demonstrated that this pattern of
behavior does not typically support student learning, and can lead
to diminished confidence levels and the formation of problematic
beliefs about themselves as CS learners.

5.2 Metacognitive Knowledge of Strategies Can
Help Students Engage with Tasks Despite
Struggles

In this section, we show how students who possess metacognitive
knowledge of both regulation strategies (e.g., orienting, planning,
monitoring, reflecting) and disciplinary strategies (e.g., systematic
debugging) are able to successfully engage in tasks even when they
struggle. First, we show that when students experience self-doubt,
this metacognitive knowledge can help them regulate their emo-
tions and re-engage in tasks, ultimately increasing their confidence.
Then, we show how having access to this metacognitive knowl-
edge may prevent students from having negative metacognitive
experiences.

5.2.1 Metacognitive knowledge of strategies helps students persist
despite negative emotions and judgements. Four participants in our
sample experienced negative metacognitive judgements and self-
doubt in reaction to negative emotions and struggle, but regulated
their emotions and re-engaged in tasks successfully. One of these
participants, P17, experienced a shift in their behavior from initially
intending to avoid challenges and seek help to actively employing
strategies and re-engaging with the task. The other three partici-
pants did not exhibit any avoidance behaviors. We found that these
four students had an awareness of their task progress and the strate-
gies they could use to regulate their emotions and make progress on
tasks. We noticed that when these participants had negative emo-
tions and metacognitive experiences, they employed strategies such
as taking a break (P17, P25), giving themselves encouragement (P1),
and re-engaging in tasks using diverse strategies (P2). Overall, these
students exhibited much more effective metacognitive strategies
than those in the avoidance pattern, including planning, assess-
ing their understanding, monitoring their process, and switching
approaches when needed. They also used a much more diverse
and mature set of disciplinary strategies, including debugging tech-
niques like decomposing the task and tracing line-by-line execution,

and referencing a broader set of external resources in addition to
the course materials. In this section, we will provide a more de-
tailed description of these four participants to characterize how
they overcame struggles and ultimately grew confident in their
capability.

P17 experienced emotional fluctuation and a loss of confidence in
pursuing CSwhile completing the visualization project. Initially, she
approached the task by planning what to create, considering which
example code could assist her, and determining what errors she
might encounter that would require a TA’s help. However, by the
fourth day, she felt overwhelmed by the assignment’s complexity
and questioned her ability to complete the homework or any other
future homework. She decided to “take a break and stop the work
for today in hopes of getting answers during office hours.” Similar
to the pattern in Section 5.1.1, P17 experienced negative emotions,
made negative metacognitive judgements of herself and the task
completion, and decided to ask TAs for help.

Though P17 had decided to wait for the next day and ask for
help, in her retrospective interview, she shared her belief that TAs
typically offer general guidance rather than specific solutions to
student problems and expressed a desire to engage in trial-and-
error independently before seeking help to effectively support her
learning. She also mentioned that “usually if I just know I’m not
doing anything productive, I’ll wait for the next day.” So the next
day, after taking a break that helped her regulate emotions, she
re-engaged in the task. She reported that she “tried to dissect the
different shapes that were needed to create an animal.” She ex-
plained in the interview that she changed her approach by using
shapes that were already familiar. She said, “figuring out how to do
the task gave me more self-confidence. This could easily be done
for the rest of the shape.” In the following days, she continued to
utilize external resources and engage in trial-and-error to debug.
With more work done, her confidence increased and her interest in
pursuing a CS minor persisted. The case of P17 demonstrates the
importance of emotional regulation to navigate through frustration,
as well as the disciplinary strategies that allowed her to try alternate
implementations for solving the problem, helping her overcome
obstacles and build confidence in her programming abilities.

P1 expressed feeling stressed, frustrated, and under-confident in
her coding ability at the beginning of the assignment. Notably, this
was the first project-based assignment, rather than a problem set. P1
also explained in the retrospective interview that: “that jump from
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the first assignment to the second assignment, there was where
I stopped feeling so confident in my programming skills.” In her
diaries, she said her code is not working as expected. Although she
felt stressed and under-confident in her ability, she tried to regulate
her emotions first: “I needed to ground myself. Give myself a pep
talk in a sense since I was alone and in a panicked state.” She also
said that: “I knew I was going to struggle in this assignment, it does
regard a subject I am not familiar with at all ... I knew I needed
to try my very best with the information that was provided to me
and what I could gather from other sources.” Other than regulating
emotions, she expressed the metacognitive feeling of unfamiliarity
with the task topic and the need to learn from different resources.
Therefore, she thought about what other strategies she could use,
including referencing resources and decomposing the task into
smaller parts and testing each part out to build the entire melody:
“I started playing notes individually, to later started playing around
with them and seeing what note combinations sounded best with
my chords. I was able to define three functions and use them to
build a melody I like.” As she made progress, she felt proud of her
outcome, and gained confidence with her coding abilities. She also
expressed her increased interest in computing: “now that I’m see-
ing what code is and because I still have that curiosity, I would see
myself taking other computer science courses.” P1’s experiences
highlight the importance of emotional regulation and a strategic
approach to overcoming challenges and fostering increasing confi-
dence in programming.

P17 and P1 showed how they regulated their emotions first, and
moved forward through applying disciplinary strategies. We also
see other participants exhibiting their use of metacognitive regula-
tion strategies such as monitoring their progress, evaluating their
understanding, and planning. During the life cycle of P25’s final
homework, which required creating a data visualization with a se-
lected dataset, he experienced several days of frustration when the
code didn’t execute as expected. At times, he would have self-doubt,
questioning if computer science was the right path for him: “I don’t
know if computer science is for me”; “I felt like I was stuttering in
computer science and not really getting it well”. P25 shared that
when he faced negative emotions, he would take a break to cope
with the emotions first. When working on the task, he intentionally
checked his understanding and monitored his progress. For exam-
ple, at the start of the homework, he said that he asked himself
“what I didn’t know how to do when it came to data cleaning, and
then asked myself how I could learn how to do it.” Each day, he
would ask himself how to approach the task, and what needed to be
implemented. He also monitored progress by asking himself what
was missing and why, as well as whether he needed to look up any
information to complete the task. During the interview, when asked
about his approach to completing the tasks, P25 said he transferred
the learning strategies from a previous math class:

It started because of my calculus class and I just real-
ized that everyone was really good at a lot of small
things that built up the algebra. And I felt like it was
the same thing here. So it was like, what don’t I know
and how can I learn it? And I just applied the same
thing to my computer science work. When I’m work-
ing on something very hard, [I ask myself] why can’t

I do this? And usually, it comes down to a lot of very
simple things that add up. So if I know what I’m miss-
ing, then I can ask myself how do I add it in? ... Then
I’ll just look it up.

The way P25 worked through tasks demonstrated his awareness of
the task progress and a systematic strategy for monitoring tasks
and navigating challenges by checking his understanding. Though
P25 has no prior experience in programming, he transferred the
metacognitive strategies (evaluating understanding and monitor-
ing) learned from another class and applied them to programming.
He also reported frequently using external resources such as online
tutorial videos or blog posts to address his uncertainty in under-
standing. Through his diaries, he documented a positive trajectory
in his emotions, a growing confidence in his programming capa-
bility, and an increased interest in CS. The use of regulation strate-
gies helps him re-engage in practice and overcome the struggles,
negative emotions, and negative metacognitive experiences regard-
ing his competence, highlighting the importance of self-regulated
strategies in facilitating personal growth.

P2 also reported using metacognitive strategies such as planning
how to approach tasks in advance, and placed clear value on the
importance of planning in programming:

Frommy personal perspective, it makes it easier when
you know what specific tasks you’re going to do in-
stead of just trying to take on all of it at once. And I
think it’s a little bit like when you’re cooking some-
thing, I think if that’s a good analogy and you read
through the recipe first, you’re not scrambling in the
middle of it to look for maybe you’re missing an in-
gredient or [tool]. It saves time in the middle.

In his diary entries, P2 described planning in the first several days
of working on his assignment, such as familiarizing himself with
the task and looking for resources to gain a better understanding.
However, on the last day of his diary, P2 reported feeling anxiety
and frustration, especially since his assignment was due later that
night. He made negative metacognitive judgements of his task
completion, said “I initially felt a bit discouraged and did not think I
could solve it at first.” The time crunch made him “code in a rushed
manner, I had more errors and had to make more corrections than
I had on previous assignments.” When he was reflecting in the
interview, he said, “I think I was just for the sake of completing the
assignment, I had just gone too quickly and focused much on just
trying to get the code completed instead of like, is there a more
efficient way that I can do this?” From P2’s reflection, the get-it-
done mindset while under time pressure superseded his belief that
planning is important.

However, despite encountering errors and experiencing negative
metacognitive feelings around his ability to fix errors, he remained
engaged in the task. He reported that, based on the output, he iden-
tified the errors and proposed two alternative approaches to try.
He also reported that “I ran through each line and worked out the
logic step by step to understand where my logic and the computer’s
logic were not in agreement. I then made adjustments and ran the
code again to ensure it was giving the result I wanted.” By adopting
a systematic debugging process, P2 reported that “with more time
and corrections I felt better and ... more optimistic about my ability
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Figure 4: A synthesized diagram that demonstrates all participants’ cases falling under the persistence or re-engagement despite
negative emotions and judgements pattern

to troubleshoot code in the future.” From the experience of P2, we
see the importance of having metacognitive knowledge of disci-
plinary strategies such as identifying errors, considering alternative
approaches, and employing debugging techniques. These strategies
helped P2 resolve his errors and build confidence in his ability to
debug code effectively in the future, despite initially struggling and
having negative affective and metacognitive experiences.

In this section, we presented a different pattern in response to
struggles, negative emotions, and negative metacognitive experi-
ences. Figure 4 is a diagram showing the persistence pattern with
the help of metacognitive knowledge of strategies that combined
all of our participants’ cases and strategies mentioned. Instead of
avoiding their work and relying on TAs, these participants demon-
strated an awareness of their emotions, progress, and the variety of
strategies available to help them make progress. Through employ-
ing regulation strategies and disciplinary strategies, they persisted,
overcame struggles, and built confidence in their programming
capability.

5.2.2 Metacognitive knowledge of strategies helps prevent nega-
tive metacognitive experiences. Four of our participants did not ex-
perience negative metacognitive feelings and judgements about
themselves or their task progress, even though they encountered
struggles and felt frustrated. They all started the task early and
progressed daily with a goal in mind, demonstrating a good aware-
ness of themselves, their task progress, and potential strategies for
approaching the task.

Throughout P20’s diaries, she documented facing struggles al-
most daily, which often led to feelings of frustration or stress. How-
ever, she never mentioned questioning her ability to complete the
tasks or in general. Instead, she adopted different strategies to
engage with the tasks, such as applying what she learned from
instructors’ demonstrations during the lecture to understand error
messages and readjust her code , employing trial-and-error, refer-
encing course materials, and looking up documentation. During
the interview, P20 explained why she didn’t question herself or let
her emotions influence her behaviors:

I found that if I am frustrated or if I get angry, I’m
never productive. I try to move past that as quickly
as possible. And I think what also helped was that

I knew I still had a week left to do this. Even when
I had frustrating times, it didn’t really affect how I
believed about myself or how I actually behaved. I
knew I had time, I knew I was on a good track to get
there, and I knew what I wanted to do at the end. So I
think that helped me get through everything.

She acknowledged that feeling frustrated or upset would impede
her progress. Her metacognitive judgements of the time remaining
and her task progress prevented her from negative metacognitive
experiences and helped her stay engaged in the task. Her reflection
emphasized that having metacognitive judgements of task progress
and metacognitive knowledge of strategies can help with managing
negative emotions and persisting through struggle.

P8 also showed how planning, monitoring the task, and adjust-
ing her approach helped her with both completing the task and
regulating her emotions. P8 reported feeling frustrated the first
day because “I didn’t plan anything and I was just trying to go
from the beginning. It just seemed like a lot, and everything was in
disarray. I felt like I spent most of my time trying to figure things
out.” Consequently, at the end of the first day, she reflected and
decided to “try a more organized approach”. She explained in her
retrospective interview that:

I started planning things out because I figured out it
wasn’t working. It doesn’t really mean anything when
you say you start working on it. It probably stresses
you out more . . . if you have a clear plan, it breaks
things down into something that’s more palatable for
me to do . . . even if you didn’t finish the thing, you
could be like, oh, I finished what I was supposed to
do . . . not the whole, but that is something.

We observed from P8’s experiences that she actively monitored her
task progress, reflected, and adjusted her strategy for approaching
the task. According to P8, planning not only helped her make
progress on the problem, but also helped her regulate her emotions.
As she said, having and following a plan helped her monitor her
progress and feel accomplished despite only completing part of the
assignment.

Both P27 and P9 demonstrated their metacognitive knowledge
of regulation strategies and various disciplinary strategies for ap-
proaching their assignments. P9 shared her approach of writing
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Figure 5: A synthesized diagram that demonstrates all participants’ cases falling under the non-negative metacognitive
experiences pattern

down the structure of the code after understanding the homework
requirements: “I write the bones and then I go back to step one
and fill them in.” And while working through the problem, despite
feeling overwhelmed with error messages, she shared that “I over-
came my struggles by taking a deep breath, using my resources,
and patiently debugging my code until the functions with parame-
ters worked properly.” P27 also exhibited behaviors of monitoring
and adjusting her strategies when she felt confused or frustrated
while encountering struggles. She “searched up and tried to note
the confusion down” and came back to it the next day to help reg-
ulate her emotions. She also felt annoyed when the code output
differed from her expectations. However, she switched approaches
and eventually felt accomplished.

Figure 5 is a synthesis of these four participants who experi-
enced negative emotions when struggling, but who demonstrated
metacognitive knowledge of both regulation strategies and disci-
plinary strategies. Overall, these four participants demonstrated
that their monitoring of themselves and their progress, and their em-
ployment of strategies, were instrumental in helping them recover
from negative emotions, avoid negative metacognitive judgements,
and ultimately complete the task and foster self-confidence.

6 DISCUSSION
Through our analysis of students’ daily diaries and retrospective
interviews, we identified three behavioral patterns that arose when
students encountered struggles and had negative affective and
metacognitive experiences. Figure 6 presents an initial model de-
picting the interplay between metacognition, affect, and task en-
gagement based on our data.

When students encounter struggles, they often have an affective
response and engage in metacognitive judgements of themselves,
their task progress, and their learning. The first pattern we pre-
sented (Section 5.1.1) describes cases where these affective and
metacognitive experiences were so overpowering that students
could not persist in the task. These learners described negative
emotions such as discouragement, fatigue, and frustration, coupled
with judgements that they could not resolve errors or complete the
task. These factors impacted students’ task engagement, leading
them to avoid work and seek external help. Negative affective and

metacognitive experiences may even exacerbate emotions and con-
tribute to the formation of negative, stable self-beliefs associated
with CS. Participants who fall under this pattern also employed a
limited set of strategies and often used them ineffectively, suggest-
ing that they had insufficient metacognitive knowledge of strategies,
which also influenced task engagement. Finally, we notice a circular
effect, where the decision to disengage results in students experi-
encing catastrophizing emotions and judgements about themselves
(Section 5.1.2).

The second pattern (Section 5.2.1) describes cases where partici-
pants experienced similar affective and metacognitive experiences
as those in the first pattern, but where they ultimately persisted
rather than disengaging from the task. One notable difference be-
tween students in this pattern and the first one is that they ef-
fectively employed regulation strategies with the goal of gaining
metacognitive awareness of their progress and emotional status,
as well as a variety of disciplinary strategies, which helped them
persist through struggles, positively influencing task engagement.
This suggests that students in this pattern had better metacognitive
knowledge of strategies. Successfully persisting through struggles
also had a positive impact on these students’ affective and metacog-
nitive experiences.

The third pattern (Section 5.2.2) describes cases where partici-
pants experienced negative affective experiences but did not engage
in negative metacognitive judgements of themselves. These stu-
dents also exhibited strong metacognitive knowledge of strategies
through their effective employment of both regulation and disci-
plinary strategies. They consistently monitored their progress and
evaluated their understanding, thereby influencing their affect and
metacognitive experiences. It is possible that because these stu-
dents were able to make judgements of their task progress and
confirm that they were still on track, they did not experience the
emotional spiral and negative judgements we saw in other partic-
ipants. In whatever case, the students who employed regulation
and disciplinary strategies effectively were also observed to per-
sist on the task despite negative emotions, and have more positive
metacognitive experiences.
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Figure 6: An initial model demonstrating the interplay of metacognition, affect and task engagement. Negative affective and
metacognitive experiences impacted students’ task engagement, leading them to avoid work and seek external help. However,
having access to metacognitive knowledge of regulation and disciplinary strategies helped students persist through negative
affective and metacognitive experiences, leading to sustained task engagement. The dotted line suggests that the decision to
avoid or persist could further influence students’ affective and metacognitive experiences.

6.1 Design Implications
The model we present in Figure 6 positions metacognitive knowl-
edge of strategies as the root cause underlying the differences we
observed in student task engagement. Based on these findings,
we believe that students could overcome struggles and negative
affective and metacognitive experiences through more effective em-
ployment of strategies. To use strategies effectively, students must
possess metacognitive knowledge of strategies, including knowing
what strategies exist and when and how to use them [20, 58]. Below
we outline design opportunities grounded in these findings.

First, we believe that learners would benefit from explicit in-
terventions around metacognitive knowledge of strategies, which
could be delivered through lectures, TA office hours, or computer-
based systems. Such interventions should go beyond simply intro-
ducing strategies; they should also explain why these strategies
are beneficial, when they should be employed, and how to utilize
them effectively. For instance, we found that some students did not
know how to progress; in such cases, an intervention could suggest
potential strategies to use. We also found that some students were
aware of strategies such as trial-and-error but struggled to use them
effectively, which could stem from a lack of metacognitive knowl-
edge of how to employ them well (Section 5.1.1). In such cases,
providing support around how to apply strategies could improve
students’ ability to navigate challenges. This aligns with existing
literature, which suggests that instructors could model when and
how to use strategies and provide opportunities for students to
practice them [57].

Second, we recommend teaching both regulation strategies and
disciplinary strategies. Our findings highlight that students equipped
with regulation strategies for task completion and emotional man-
agement were better able to stay engaged with the task, and had
more positive affective and metacognitive experiences. This aligns
with studies indicating that students achieve better academic per-
formance with robust metacognitive regulation [7, 57, 63]. One key
difference between participants who fell into the disengagement
pattern and those who remained engaged is their use of monitor-
ing strategies. Participants who actively checked their progress,
evaluated what knowledge they needed to acquire, switched imple-
mentation strategies, and updated their plans were able to prevent
emotional spirals and overcome struggles. In contrast, those who
did not use monitoring strategies to regulate their learning progress
experienced negative emotions and catastrophizing metacognitive
judgements. This suggests that designing interventions to prompt
or scaffold students to check their progress and consider alterna-
tive plans before their emotions spiral could help them navigate
challenges more effectively.

Further, our study underscores the importance of emotional reg-
ulation. We found that intense negative emotions often lead to task
disengagement. Previous designs for developing disciplinary strate-
gies and supporting metacognition have not considered student’s
affective experiences while learning [40, 64, 65]. While these in-
terventions teach students strategies and facilitate monitoring and
reflection, it remains challenging for students to apply these strate-
gies when they experience negative emotions and self-judgements.
In our study, the participants who persisted often intentionally
regulated their emotions first. Therefore, there is a need to design
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interventions that increase students’ emotional awareness and help
them employ emotional regulation strategies and re-engage when
they experience negative emotions.

6.2 Limitations and Future Work
We recognize a few limitations to our work that can be addressed
in the future. First, participants self-reported how they approach
programming practices through diaries. Many students are begin-
ners who might not report their strategy usage accurately and
comprehensively. As a result, future work could use programming
environment log data to triangulate the diaries and interview data.
Second, our participants are from a single CS0 course and university,
so we do not know whether these findings will generalize to other
courses and contexts. Future work should study other populations
of students. Finally, the initial model we present describes the rela-
tionships we saw between metacognitive knowledge of strategies,
metacognitive experiences, affective experiences, and behaviors.
However, the learning process is influenced by many other factors
including motivation, self-concepts, and social comparison. Future
work should consider these factors to expand our model.

7 CONCLUSION
This paper explores an initial model of how metacognition, affect,
and students’ behaviors interact in students’ learning experiences.
Our results demonstrate three different behavioral patterns in re-
sponse to struggles. We highlight the importance of metacognitive
knowledge of both regulation and disciplinary strategies in over-
coming struggles, mitigating negative emotions and judgements of
self and task progress, and fostering confidence in programming
ability. We further discuss opportunities for designing interventions
to foster the development of metacognitive knowledge of strategies.
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