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Abstract

Can Large Language Models (LLM) help refine codebooks used for deductive coding of text data? We propose a
Leave-one-out approach to refine codebooks in which all the themes in the codebook are left out one at a time
and an LLM is asked to suggest additional themes after using the modified codebook to deductively code data.
The suggested additional themes are then analyzed to aid in the refinement of the codebook. This approach
is systematic, and hence generalizable and replicable. We conducted a pilot study using data collected from
computing students on how they were persistent when completing course assignments. Expert researchers had
created a codebook of seven themes for the data that was used in the evaluation of the approach. We found that
in three cases, LLM (Claude Sonnet 4.6) suggested re-inclusion of the omitted theme in the very run in which the
theme had been omitted. Further, it suggested splitting two composite themes in the original codebook into three
sub-themes each. Finally, it recommended including two additional themes influenced by the specifics of the data
set. We propose two measures: statement-stability score to identify candidates for exemplars of a theme, and
theme-stability score that quantifies the cohesion of a theme. This work-in-progress pilot suggests that LLMs can
indeed help researchers iteratively refine codebooks using the Leave-one-out approach.
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1. Introduction

Qualitative analysis is used in educational research to analyze text data. It may be inductive in nature,
involving the iterative identification of themes in the data [1]. It may also be deductive, in which
existing themes, models, or theories are used to categorize the data. A major issue for qualitative coding
approaches is that they are time- and labor-intensive [2]. Because of these factors, qualitative coding
does not easily scale to large data sets. Therefore, researchers have been investigating whether and
how to use LLMs, themselves trained on massive amounts of text, to assist in qualitative coding.

A codebook is a coding framework typically used to deductively code text data. It contains a set
of themes, along with their definitions, and optionally, exemplars and decision rules. Even after a
codebook is created, it may need to be periodically reviewed and refined, either because of accumulation
of additional data or because of the need to apply it to a data set collected in a new context. For example,
with computer science educational data, the student skillset has changed over time: programming
is now a standard part of K12 curriculum [3]. The tools available for programming have changed
dramatically, due to the availability of better IDEs, more detailed online sources (stackoverflow), and
now, LLMs (Claude Code, CoPilot, etc.) [4]. Therefore, computer science data sets change over time and
consequently, codebooks to analyze them must be refined from time to time.
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An advantage of involving LLMs to refine codebooks is that LLMs may bring a broader perspective
to the task because they have been trained on massive amounts of data [5]. Another is that they may
save time and effort that would otherwise be needed for an entirely manual refinement of codebook.
Can we leverage LLMs to help computer science education researchers refine existing codebooks? One
approach may be to work with LLMs in a multi-prompt interactive session, but this is ad-hoc, and
hence, not generalizable or replicable. Instead, we propose and pilot a Leave-one-out approach for
refining codebooks, which is systematic, and hence, generalizable and replicable.

2. Related Work

Qualitative analysis has been used extensively in studies in computer science education, to analyze
datasets such as semi-structured interviews [6], code interviews [7], CS student reflections [8], online
forum discussion [9], think-aloud interviews [10], and computer science assignments [11]. The avail-
ability of large amounts of text data for analysis in computer science education research has prompted
researchers to investigate leveraging the use of LLMs.

Researchers have studied several approaches for using LLMs to create codebooks. In a single-prompt
approach, LLMs are used to generate a complete set of themes without human interaction, and focuses
solely on prompting strategies [12, 13, 14, 15].

LLMs have been used to iteratively develop codebooks. For example, Jiang [16] describes an iterative
coding process in which both humans and an LLM are asked to identify and justify themes; and
disagreements between the two are examined to create the next version of the codebook.

LLMs have been dovetailed with human researchers for creating codebooks. This approach may
simply consist of two or more steps: LLM-generated themes followed by human refinement [17, 18] or
human-generated themes followed by LLM refinement [17], or multiple steps in which LLM-generated
themes are analyzed by humans who refine the prompt for another LLM pass [19]. One study [20] that
compared a human-developed codebook to a codebook developed first by an LLM and then refined by
humans found that the LLM/human codebook tended to contain broader, higher level categories.

Finally, LLMs have been used at each of the steps humans usually take to create codebooks. In this
approach, the focus is on writing and revising LLM prompts for each step. DePaoli [21] used Braun
and Clark’s six stages of thematic analysis [22] to generate the entire codebook using this approach.
Naeem [23] and Wang [24] used the same approach, but with more recent LLM models. Currently,
efforts are ongoing to automate codebook generation [25, 26].

Whereas the above approaches are for codebook creation, often involving iterative refinement, we
propose an approach to refine an existing codebook so that it can be used with additional/new data.
Our proposed Leave-One-Out approach can be used to 1) verify whether a theme belongs in a codebook;
2) determine how to split a theme already in a codebook; 3) discover themes that are not already in
the codebook. Some advantages of our approach are that it is a single-prompt approach, and therefore,
systematic, and hence, generalizable and replicable.

3. Methodology

In this study, we propose a systematic approach to refine codebooks that leverages LLMs, and supports
the analysis of qualitative data in the context of computer science education.

3.1. Leave-One-Out Approach
The following are the steps in the Leave-one-out approach:

1. Sample data: Identify a random data set such that all the themes in the codebook are represented.
2. Prompt creation: Create a codebook-based prompt for LLM.
3. Leave-one-out: For each theme in the codebook:

a) Codebook modification: Remove the theme from the codebook in the prompt.



b) Deductive coding: Have the LLM deductively code the statements in the sample data using
the modified codebook.
c) Additional themes: Ask the LLM to propose additional themes to be considered for
inclusion in the codebook based on recurring patterns in the sample data.
4. Collating and clustering additional themes: Collate the additional themes from all the
Leave-one-out runs and cluster them thematically.
5. Categorizing additional themes: Sort the collated themes into one of the following bins:

« Themes that must be re-included in the codebook
+ Themes that must be split into two or more sub-themes
« New themes that must be included in the codebook

Next, we will pilot this approach to analyze the data collected from computing students (subsection 3.2)
using an existing codebook (Table 1).

3.2. Context

In order to pilot our proposed approach, we used data previously collected and deductively coded by
a team of researchers. The goal of data collection was to study how computing students understood
persistence and use this information to help educators design interventions to promote persistence
among computing students. Persistence is a key professional disposition in computer science [27]. It is
highly valued by computing students [27] and industry [28] and is an important component of ACM
curricular recommendations [29]. Therefore, data was collected to identify the academic behaviors that
computing students associate with the persistence disposition.

Data was collected during six consecutive terms (2022-2025) in seven undergraduate computing
courses at five baccalaureate institutions in the US. The study was approved by the institutional review
boards of the participating institutions. A total of 896 statements were collected from 510 students who
consented to the use of their data for research.

During data collection, computing students were first provided the definition of persistence as “to
stick with a task until it is completed even when the task seems difficult and even when you have
doubts about your ability to complete the task” They were then asked to respond to the following
open-ended question after multiple course assignments: “Describe an example of you being persistent
when completing this assignment. Otherwise, describe the circumstances that prevented you from
being persistent” Their text responses or statements constituted coding units in the study.

Each statement was treated as one coding unit for the purpose of deductive coding. Researchers
did not break up statements into distinct codes before identifying themes because all the statements
were individual responses to the same prompt, and were therefore, focused and short. Researchers
deductively coded these statements into themes using the codebook in Table 1 developed for the
behaviors students associate with the persistent disposition. Note that the codebook contains seven
themes of student behaviors, listed in the order that researchers used to code each statement based
on the primary meaning in the statement. Two additional themes were used to code statements that
did not have enough information to glean meaning (not pertinent) and to code statements in which
students indicated they could not be persistent (not applied). Each statement was coded into exactly
one theme in Table 1, which was deemed the statement’s ground-theme.

In this work-in-progress study, we investigated how the codebook in Table 1 could be refined using
the Leave-one-out approach (Section 3.1). We used Claude (Sonnet 4.6 free, web-based) as the LLM
because it is known to have fewer hallucinations [30].

3.3. Piloting the Approach

We elaborate the piloting of each step in the Leave-one-out approach below:

1. Sample data: We selected a random subset of 200 statements from the original 896 statements
and verified that each theme in Table 1 was proportionately represented.



Table 1
Codebook of themes for persistent disposition

No. Theme Description

1 Overcoming Working through errors or adverse conditions, focusing on challenges that are overcome
challenges

2 Aiming at quality Applying effort with the goal of quality outcome

3 Seeking help Using resources or asking questions

4 lterating Redoing, changing, redesigning, focusing on the process

5  Time on task Spending a lot of time, extra time or scheduling necessary time on a regular basis

6  Finishing Completing the task

7 Putting in effort Keeping at it or not giving up. Fall-through category of behaviors for which none of the

above themes applies.
a  Not pertinent Insufficient information to indicate persistent behaviors
b Not applied Factors preventing student from being persistent

2. Prompt creation: We created a codebook-based prompt consisting of the following components:
persona, task, context, codebook, supporting evidence, beneficiaries, and output (see Appendix).
3. Leave-one-out:

a) Codebook modification: For each of the seven behavior themes, we created a Leave-one-
out version of the prompt with that theme removed in the included codebook. Thus, the
codebook in each of the seven prompts contained six behavior themes plus “not pertinent”
and “not applied”. The prompt text provided for leaving out Overcoming Challenges is shown
in the Appendix.

b) Deductive coding/Additional themes: Each of the seven prompts was run as a separate
project in Claude to deductively code the sample data and suggest additional themes. The
counts of additional themes suggested in each run were respectively: 3, 2, 3, 5, 4, 3, and 3,
for a total of 23 overlapping themes in seven runs.

4. Collating and clustering additional themes: The additional themes were collated and clustered
and are listed below, but without the explanation that was also provided by the LLM for each
theme. The suggested themes are followed in parenthesis by the number (from Table 1) of the
left-out theme in the original codebook:

+ “Emotional regulation / Coping with frustration” (1), “Emotional / motivational regulation”
(2), “Emotional regulation / managing frustration” (3), “Working through emotional difficulty
/ self-regulation” (5), and “Emotional regulation / managing frustration” (7)

« “Working under adverse personal circumstances” (4) and “Overcoming adversity / working
through personal hardship” (6)

« “Proactive planning / Time management (positive)” (1), “Managing time strategically /
planning ahead” (6), “Managing time / effort allocation” (5), and “Scheduling / pacing work
over time” (5)

« “Strategic use of breaks as a persistence tool” (4) and “Strategic pacing / self-regulation” (7)

« “Collaboration / Teamwork as persistence” (1), “Collaborative persistence / team coordina-
tion” (2), “Collaborative persistence” (3), “Team/Collaboration Coordination as Persistence”
(4), “Team coordination / accountability” (5), “Collaborating / coordinating with team” (6),
and “Collaboration / teamwork” (7)

« “Seeking external resources / help-seeking” (3) and “Iterative design revision” (4)

« “Self-directed learning as persistence” (4)

5. Categorizing additional themes: As described next in Section 4, we found that Claude recom-
mended:

« Re-inclusion of three themes in the very run in which they had been left out: “Seeking help”
(3), “Tterating” (4) and “Time on task” (5);



« Splitting two themes—“Overcoming challenges” and “Time on task” into three sub-themes
each;
+ Adding “Collaboration” and “Self-directed learning” as two new themes.

4. Findings and Discussion

We present three results from our pilot study as the main takeaways of the proposed Leave-one-out
approach.

In the following cases, the LLM identified and recommended re-inclusion of a theme in the very run
in which it had been left out:

« “Seeking external resources / help-seeking” when “Seeking help” (3) was omitted;
« “Iterative Design Revision” when “Iterating” theme (4) was omitted;

« Two themes: “Scheduling / pacing work over time” and “Managing time / effort allocation” when
“Time on task” was omitted. The two together constitute “Time on task”.

The recommendation for re-inclusion of these themes validates their presence in the codebook.
The LLM recommended splitting the following themes in the original codebook into multiple sub-
themes:

« “Overcoming challenges” to be split into emotional, technical and personal sub-themes :

- Emotional: “Emotional regulation”, described variously as a “psychological dimension”, a
“metacognitive coping strategy”, and an “affective dimension”, and explained as “managing
emotions (frustration, discouragement, mental blocks, fear of failure, shame, self-doubt)” by
practices such as “taking breaks, sleeping on a problem, resetting after frustration.” This
theme was recommended in five out of seven runs.

— Technical: The LLM suggested that “Overcoming challenges” be restricted to “technical or
task”-related obstacles in three runs.

- Personal: In two runs, the LLM proposed “Working under adverse personal circumstances”
pertaining to “personal or situational challenges” (versus affective or technical challenges),
such as “illness, personal crises, sleep deprivation, and competing obligations - obstacles
external to the assignment”.

« “Time on task” to be split into managing, pacing and strategy sub-themes:

- Managing: “Strategically managing time”, explained as “deliberately, proactively planning
when and how to work” through activities such as “daily scheduling, early starts, frequent
commits” (1 run).

- Pacing: The LLM suggested that “Time on task”, renamed as “Scheduling / pacing work
over time”, be restricted to “spending time on task” (3 runs).

— Strategy: The LLM proposed “Strategic pacing/self-regulation” as another “meta-cognitive
strategy”-related extract of “Time on task”, explained as “breaking work into manageable
sessions, taking intentional breaks to reset, or spacing work over days to stay effective” (2
runs).

Splitting these themes into sub-themes is supported by the fact that the sub-themes were included in
the descriptions of the themes in the original codebook.
The LLM recommended the following additional themes:

« “Collaborative/teamwork”, described as a “socially-enacted form” (as compared to individual
effort), and explained as “sustained engagement with partners or team members” through activities
such as “following up, reminding, checking in, coordinating, keeping team on track, messaging



group members, dividing and verifying work, ensuring role completion” to ensure task completion.
This theme is particularly relevant to group assignments. The LLM noted that these statements
were coded as “Putting in effort”, the default theme in the original codebook, but “Putting in effort”
could be set aside for individually-focused activities. Remarkably, this theme was recommended
in all seven runs.

« In one run, the LLM proposed “Self-directed learning as persistence”, dealing with “independent
skill acquisition under difficulty” and explained as “teaching themselves new tools, languages, or
concepts required to complete the task”. This theme is at the intersection of two dispositions:
persistence and self-directedness.

The two themes that were not recommended for re-inclusion, or splitting were “Aiming at high
quality” to which only 3 of 200 statements belonged, and “Finishing”, which was conceptually close to
the default theme of “Putting in effort” (See Table 1).

Takeaway 1. Leave-one-out approach helped validate the inclusion of some themes in
the codebook, helped split some themes into more coherent sub-themes and suggested
inclusion of additional themes not previously considered.

In the leave-one-out runs, ideally, the only statements whose coding should change are the ones
originally coded with the left-out ground-theme. We tabulated the themes identified for each statement
across the seven runs. We calculated the number of times a statement was coded the same as the
ground-theme in the seven runs. We define this metric as statement-stability. Since there were seven
runs, the statement-stability ranged from 0 to 6, with 6 representing the greatest coding consistency.
Statements with the highest statement-stability figure could be considered candidates for selection as
exemplars of a theme. Such exemplars can be included in the codebook to improve the responses of an
LLM since one-shot prompts are known to yield better results than zero-shot prompts [17].

Some statements with a statement-stability of 6 for the various themes, which make them ideal
candidates for exemplars, are as follows:

« “Overcoming challenges”: “My game files were deleted and I had to start over mid way through
the semester, I build the game on my PC and on my laptop.”

« “Aiming at high quality”: “I had to be persistent in making sure the scenarios don’t take too long
or become too convoluted. In other words, I had to be persistent in making the scenarios balanced
and not too convoluted”

« “Finishing”: “I completed this assignment on time unlike other times”

« “Seeking help”: “When I don’t understand a concept, I look for other resources to help me learn
the material”

« “Tterating”: “I think highlighting the game over and over and extensively trying to get a general
idea/layout going”

« “Time on task™ “T haven’t moved from my room since I started doing my work for this project
today”

« “Putting in effort”: “When completing this assignment, I showed a trait of persistence by constantly

getting in touch with my partner so that we can rationalize the task and make changes.

Takeaway 2. Leave-one-out approach helped shortlist candidates for selection as exem-
plars of themes.

Finally, we analyzed the cohesion of each theme in the codebook. We calculated the average statement-
stability score for all the statements with the same ground-theme. We refer to this metric as theme-
stability. The greater the theme-stability, the less likelihood of a statement in this ground-theme being
coded differently. Since the maximum statement-stability score is 6, the maximum theme-stability score
is also 6.

The themes with the lowest theme-stability scores were:



« “Not pertinent” (1.19, N=16): When a student did not specify how they were persistent (e.g.,
“persistent when something doesnt work”), stated how they were persistent filling out the survey
instead of the assignment (e.g., “I was persistent when answering these questions”), talked about
themselves instead of the assignment (e.g., “I am persistent with everything I do.”) or talked about
some other disposition (e.g., “This was a group assignment so we finished as a class”), researchers
coded the statements as “Not pertinent”. The LLM tried to fit such statements into other themes.

« “Putting in effort” (1.91, N=23): This was the default theme used for statements that could not be
clearly coded as one of the other themes. The LLM tried to fit these statements into other themes.

The theme-stability scores of the other themes ranged from 3.83 (“Time on task”, N=23) to 5.22 (“Over-
coming challenges”, N=59) with “Aiming at high quality” as an outlier (6.0, N=3).

Takeaway 3. Leave-one-out approach helped quantitatively identify stable themes in the
codebook.

Our work retains researchers as the primary creators of codebooks while using LLMs as a resource
for refining extant codebooks to improve their clarity, independence, and coverage of categories. While
LLMs have the potential to contribute to codebook refinement, the final judgment should be left to
researchers with domain knowledge.

The changes in the themes obtained through the Leave-one-out approach will help educators design
more targeted interventions to promote the essential disposition of persistence [27] among computer
science students, e.g., the three sub-themes of "Overcoming challenges” can be addressed differently by
instructors: provide more assignment scaffolding for technical, provide flexible deadlines for personal,
and provide motivational support for emotional sub-themes.

5. Limitations

We piloted the Leave-one-out approach using one data set and one codebook. In order to establish its
generalizability, we plan to test it with additional data, especially data collected by other researchers,
and other codebooks.

GenAI has been continually improving in its capabilities. Agentic Al can already be used to automate
the entire Leave-one-out approach. Therefore, it is conceivable that future versions of GenAI will
obviate the need for Leave-one-out approach.

In the codebook, the themes were listed in priority order, i.e., the themes were listed and were to be
considered in a sequential order. It is not clear that the approach will be equally effective for codebooks
without a priority order.

We used Claude in our pilot study. Using multiple GenAls and seeking convergence in their responses
across multiple runs with the same data may yield better refinement of the codebook.
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Appendix: Prompt - Leave Out Overcoming Challenges

Persona: You are a thematic analysis expert.

Task: Please analyze the open-ended statements written by undergraduate students in computing
courses to the question: “Describe an example of you being persistent when completing this assignment.
Otherwise, describe the circumstances that prevented you from being persistent.”

Beneficiary: Your analysis will be used by computing education researchers to summarize how students
understand persistence in undergraduate computing courses.

Context: For analysis purposes, Persistence is defined as “to stick with a task until it is completed even
when the task seems difficult and even when you have doubts about your ability to complete the task.”
Codebook: The following are the themes identified for persistence, along with their explanations:

1. “Aiming at high quality” theme is explained as “Applying effort with the goal of a high quality
outcome”

2. “Seeking help” theme is explained as “using resources” or “asking questions”

3. “Tterating” theme is explained as “Redoing, changing, redesigning (focusing on the process)”

4. “Time on task” theme is explained as “spending a lot of time (or extra time)” or “scheduling
necessary time on a regular basis”

5. “Finishing” theme is explained as “completing the task”

o

“Putting in effort” theme is explained as “kept at it” or “did not give up”. This theme applies if the
enumerated statement is about persistence, but none of the above themes apply.

The themes are listed in the order in which they should be considered for thematic analysis. The
statements written by students are listed at the end in an enumerated list. Please identify the themes of
persistence in the enumerated statements. When doing so, ignore the word persistent in the statement
unless the statement is about not being persistent.

When listing the themes identified in each enumerated statement:

« If an enumerated statement contains more than one theme, list all the themes. But, list the
dominant theme first. The dominant theme is what the student conveys as the primary example
of being persistent.

« If an enumerated statement does not contain any theme, list “not pertinent”.

« If an enumerated statement explains why persistence was not applied, list “not applied”.

Supporting evidence: For each theme, list the words or phrases in the statement that led you to identify
the theme in the statement. If the theme is “not pertinent” or “not applied”, list the reason for the
classification.
Output: Print the results in csv format with entries in the following order: the statement number,
the dominant theme (if any), the words or phrases that identify the theme in the statement, the other
themes, and for each, the words or phrases that identify that theme.

Next, print the statistics of the number of statements in each theme, and the number of statements
with multiple themes.

Finally, suggest any other themes not listed above, if any, that you found recurring in the statements
that should be considered,

Here are the enumerated statements: <coding-units included in prompt, but omitted for this paper>
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