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Abstract
Large language models (LLMs) offer new possibilities for enhancing data visualization education, but the impacts on student
experiences remain underexplored. Leveraging tenets of behaviorism, constructivism and experiential learning theories, our
mixed-methods study examines LLM integration strategies. We conducted two experiments with different groups of students.
The first experiment involved 95 Masters of Business Analytics students who created data narratives based on the Titanic
dataset either with or without LLM assistance. The second experiment involved 30 Masters of Information and Data Science
students who suggested effective visual encodings for different scenarios with or without LLM assistance in a Viz of the Day
activity. We collected quantitative data from surveys and project scores and qualitative data from open-ended responses. Our
results show that LLMs can enhance students’ ability to create clear, accurate, and effective data stories and visualizations,
but they can also pose challenges, such as requiring careful prompt crafting, producing inconsistent or inaccurate outputs,
and potentially reducing students’ creativity and critical thinking. We discuss how our findings suggest a nuanced balance
between LLM guidance and human creativity in data storytelling education and practice, and provide specific directions for
future research on LLMs and data visualization.

CCS Concepts
• Human-centered computing → Empirical studies in visualization; Empirical studies in HCI;

1. Introduction

Data visualization serves as an engaging storytelling medium to
convey insights through graphical representations. However, craft-
ing impactful data narratives requires a combination of technical,
analytical, linguistic, and creative skills [OBR23,EM13]. Effective
data storytelling depends on various factors like the data attributes,
audience needs, and analysis goals [Mun09].

Artificial intelligence is being increasingly applied in education,
including large language models (LLMs) that can generate natural
language text based on inputs [WYZ∗23, LHM∗23, HQS∗23]. As
LLMs rapidly transform curricula across disciplines, critical open
questions remain regarding how they affect students’ abilities to ap-
ply visualization best practices, critical thinking, problem solving,
and creativity [LWLQ23].

Our study empirically examines the effects of LLM usage on
student outcomes and perceptions in data storytelling education.
We investigate how LLMs impact students’ creativity, ability to de-
rive insights from data, and comprehension of effective storytelling
principles. Our study involved two groups of students tasked with
creating Titanic dataset [Fra] visualizations with or without LLM
assistance. Another complementary student group suggested effec-
tive visual encodings for various scenarios with and without LLM
help. Our study investigated the following key research questions:

RQ1: Does utilizing LLMs to aid in teaching data storytelling neg-
atively impact students’ creativity compared to traditional teaching
methods without LLMs?

RQ2: Does using LLMs to aid teaching data storytelling lead to
an increased or decreased focus on deriving insights from the data
compared to traditional teaching methods?

RQ3: Does utilizing LLMs to aid teaching of data storytelling im-
pact students’ comprehension of effective data storytelling princi-
ples compared to traditional teaching methods without LLMs?

The results revealed nuanced effects of LLMs, enhancing tech-
nical skills but reducing certain creativity aspects, likely related to
the specific project domains involved. The findings provide initial
evidence about the multifaceted tradeoffs of integrating LLMs into
data narrative education, warranting careful consideration by in-
structors.

2. Related Work

Our study navigates through the intricate landscape of data visual-
ization pedagogy, enriched by the innovative capabilities of LLMs.
It bridges foundational principles outlined by pioneers like Card
et al. [CMS99] and Munzner [Mun09] with cutting-edge explo-
rations into the pedagogical applications of LLMs across various
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learning contexts [Bur22,DFTW∗21,PR22,RBB∗22,Pop22,FL18,
OO23,LWLQ23]. Works by Gan et al. [GQWL23] and Cavojský et
al. [CBKH23] underscore LLMs’ potential in revolutionizing learn-
ing with personalized education and emphasize the importance of
addressing ethical considerations. The transformative potential of
LLMs in natural language generation and personalized learning is
underscored by works from Liu et al. [LHM∗23], Hadi [HQS∗23],
and Wang [WYZ∗23], further expanded upon by Franceschelli and
Musolesi’s exploration of LLM creativity [FM23]. These insights
set the stage for our investigation into the complex and context-
dependent roles LLMs can play in enhancing data storytelling and
visualization skills, sometimes providing benefits while other times
posing challenges.

Pioneering applications of LLMs in data visualization by Bang
et al.’s [BCL∗23] work on genearting captions for charts, creating
visualizations from natural language by Tian et al. [TCD∗23], and
innovative frameworks like zeno by Cabrera et al. [CFB∗23] high-
light the technological advancements driving this research area.
These, alongside reflections on the ethical and practical consider-
ations of LLM use in education by Zhang [ZZLS22] and Khlaaf
[KMA∗22], provide critical context for our empirical evaluation of
LLMs’ educational impacts. By weaving together the contributions
from these diverse studies, our work aims to illuminate the poten-
tial of LLMs to revolutionize data visualization pedagogy, offering
new perspectives on their integration to foster creativity, engage-
ment, and insight generation among learners.

3. Methodology

Our pedagogy applies Constructivist principles by engaging stu-
dents in hands-on data visualization projects to expand their knowl-
edge [TTV20]. As the course progresses, students use LLMs to cre-
ate more complex visualizations, refining prompts based on evolv-
ing data storytelling understanding. We drew upon Behaviorist no-
tions of how guidance versus exploration shapes creativity [EL99].
We assessed if LLMs constrain or amplify creativity in open-ended
storytelling tasks, defining creativity as both novelty and appropri-
ateness [Wel86]. We defined insights as the novel understandings
students develop from analyzing data using LLMs. The learning
perspectives aligned with assessing LLMs’ impacts on creativity.

3.1. Group Project

The group project was the main component of our study, where
we compared the outcomes and experiences of students who used
LLMs versus those who did not use LLMs for creating data nar-
ratives based on a given dataset. We designed the group project to
address all the research questions.

Participants. Participants were 95 Masters in Business Analytics
students from UC Davis, enrolled in a data visualization course,
participating as part of their coursework. They had an average of
2 years of professional experience and 65% of them had a STEM
undergraduate degree. The students were randomly assigned to 20
groups of 4 or 5 members each by using Canvas, a learning manage-
ment system and informed about the purpose and the procedures of
our study.

Task. Both groups were given the same dataset on the Titanic

passengers and survivors, and were asked to create a data narra-
tive using visualizations to convey their insights and findings. This
dataset includes variables such as age, sex, passenger class, and
survival status, offering a rich foundation for data visualization
projects. Students are tasked with exploring this dataset to uncover
patterns and insights, such as survival rates across different pas-
senger classes or the impact of socio-economic factors on survival
chances. The choice of the Titanic dataset allows students to en-
gage with historical data while applying modern data visualization
techniques, fostering a deep understanding of both the subject mat-
ter and the tools used to analyze it. All students were free to choose
any data visualization tool they were familiar with, such as Tableau,
Javascript, or Python. The even-numbered groups were instructed
to use one of the three LLM tools provided by the instructors: Chat-
GPT, Bard, or Claude. These tools were selected because they are
representative of different types of LLMs for natural language gen-
eration, such as conversational agents, natural language interfaces,
and data storytelling tools. Recognizing the potential variability in-
troduced by the use of multiple LLMs, we provided a foundational
30 min training session on prompt engineering showcasing the ef-
fectiveness between a vague prompt vs detailed prompts. This ses-
sion was designed to equip students with the skills necessary to
effectively communicate with any LLM. Students learned to craft
clear, concise prompts that could elicit relevant and insightful re-
sponses, regardless of the specific LLM used. This training aimed
to standardize the interaction with LLMs across the board, mini-
mizing noise and ensuring comparability of results. Students pri-
marily used LLMs to generate narratives and determine which vi-
sualizations to create based on the insights derived from the data.
The prompts were designed to elicit different aspects of data sto-
rytelling, such as data exploration, hypothesis formulation, visu-
alization design, and story authoring. The students were allowed
to review and modify the LLM-generated narrative for clarity, ac-
curacy, and coherence before submitting their final project. The
odd-numbered groups were instructed to devise their data narrative
manually using traditional methods without AI assistance. They
were expected to follow the same steps of data cleaning, explo-
ration, hypothesis formulation, visualization design, and story au-
thoring as the LLM groups, but without any external guidance or
suggestions from an LLM tool.

Surveys. After completing the group projects, all students were
asked to fill out a closed and open ended survey to gather their per-
ceptions of using LLMs for data storytelling and visualization. The
survey consisted of 20 questions for the LLM groups and 10 ques-
tions for the non-LLM groups, covering topics such as the clarity
and ease of the exercise, time spent, the confidence and creativity
in creating data stories, the usefulness and limitations of LLMs,
and the likelihood of using LLMs in the future. The survey had an
overall 95% response rate.

Evaluation Methods. To measure the creativity and other evalua-
tion of the students’ data stories and visualizations, we adopted a
consensual assessment technique [KBCS08], which involves ask-
ing experts to rate the creativity of the products based on their own
subjective judgments. Consensual assessment is a widely used and
validated method for assessing creativity in various domains and
tasks, as it reflects the social and contextual nature of creativity
[KBCS08]. We asked three UC Berkeley adjunct professors with
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Table 1: Evaluation Criteria for Data Visualization

Criteria

Effectiveness of Visual Encoding
Clarity and Conciseness of Visualization
Overall Quality and Reliability
Accuracy and Completeness
Distinguishability of Data Points
Separability of Data Categories
Creativity and Innovation
Use of Popout and Highlighting
Effectiveness of Interaction Design
Usability of the Interface
Support for Data Exploration and Analysis
Presentation Skills
Use and Impact of Embellishments

expertise in data visualization to rate the creativity and innovation
of the students’ projects. To maintain consistency and avoid bias,
each expert was tasked with rating all group works, rather than dis-
tributing projects among them. To maintain anonymity of submitted
exercises and remove bias in grading, we removed the indications
of group numbers and group members information from each sub-
mission, and we extracted only the non-prompt related contents of
the submissions from the LLM groups to maintain the same level of
similarity with the No-LLM groups. The professors used a rubric to
assess the projects based on 13 criteria (summarized the Table 1).
The criteria were based on established best practices in data visual-
ization design and storytelling, as well as the specific learning ob-
jectives of the course. The professors assigned scores ranging from
1 to 5 (one being the lowest score, and 5 as the highest score) for
each criterion and provided qualitative feedback on the strengths
and weaknesses of the projects.

We performed descriptive and inferential statistics on the rubric
scores and the survey responses to compare the LLM and non-LLM
groups. We used independent samples t-tests to compare the mean
scores of the groups on each criterion and each survey question,
using a significance level of 0.05. To analyze the qualitative data
from the open-ended survey responses and the Viz of the Day feed-
back, we used thematic analysis [BC06]. We followed a six-step
process of familiarizing ourselves with the data, generating initial
codes, searching for themes, reviewing themes, defining and nam-
ing themes, and producing the report. Then we coded the data using
NVivo software and identified the main themes and subthemes that
emerged from the data. We also checked the reliability and valid-
ity of the themes by comparing them with the literature, the project
scores, and the survey responses, and by seeking feedback from the
instructors and experts.

3.2. Viz of the Day

The Viz of the Day exercise was a complementary activity con-
ducted by 30 Masters in Information and Data Science students at
UC Berkeley. The students were also enrolled in a graduate-level
data visualization course and participated as part of a class activity.
The exercise was designed to encourage students to engage actively

with data visualization without the pressure of formal grades. This
approach is rooted in the pedagogical principle that learning is most
effective when students feel free to explore, experiment, and make
mistakes. By not formally grading these activities, we aim to fos-
ter a learning environment that prioritizes creativity, exploration,
and the development of a personal voice in data visualization. This
method aligns with contemporary educational theories that empha-
size the importance of intrinsic motivation in learning. It allows
students to focus on the learning process itself, rather than on the
outcome or evaluation. Furthermore, this approach supports diverse
learning styles, accommodating students who may not excel under
traditional assessment methods but thrive in more open-ended and
creative tasks. Feedback for the Viz of the Day is provided in a
constructive and formative manner, focusing on improvement and
learning rather than on quantifiable outcomes. This feedback mech-
anism is designed to encourage students to iteratively refine their
visualization skills, promoting a growth mindset and continuous
learning.

Research Design. Rather than grouping students, we facilitated an
open sharing environment where participants could present their
responses in real-time during a Zoom session. This setup aimed
to explore how individual efforts, influenced by the collective in-
put and dynamic exchange of ideas in a live setting, impacted our
study metrics. We also based our research design on the behavioral
approach to creativity, and we used the same definition and opera-
tionalization of creativity as in the group project experiment. Addi-
tionally, we used the same LLM tools as in the group project, and
we varied the prompts and the scenarios to elicit different types of
responses from the LLMs and the students. We also used the frame-
work of data, audience, and task proposed by Munzner [Mun09] to
guide the students in choosing the most effective visual encoding
for each scenario.

Participants. The participants were 30 Masters in Information and
Data Science students at UC Berkeley. The students were enrolled
in a graduate-level data visualization course and participated as part
of a class activity.

Tasks. The exercise was conducted across 3 class sessions, with
each session involving a different data snippet, target audience, and
analysis task. The students were instructed to brainstorm the most
effective visual encoding for each scenario, using the framework
of data, audience, and task proposed by Munzner [Mun09]. For
example, one Viz of the Day scenario was as follows:

"What visual encoding are best when you have world
economic data, and your users are expert economists and
the objective is to compare GDP of 200+ countries?"

Following the scenario, students were allowed to use an LLM tool,
such as ChatGPT, Bard, or Claude, to assist them in generating vi-
sualizations, or to rely on their own intuition and creativity. The
students were expected to explain their rationale for their visual en-
coding choices and provide sketches or mockups of their proposed
visualizations.

Surveys. After completing the Viz of the Day exercise, 14 of the
30 students submitted a survey to gauge their perceptions of using
LLMs for data visualization. The survey consisted of 10 questions,
covering topics such as the clarity and ease of the exercise, the con-
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fidence and creativity in creating visualizations, the usefulness and
limitations of LLMs, and the likelihood of using LLMs in the fu-
ture.

Evaluation Methods. The Viz of the Day exercise was not for-
mally graded, but rather served as a formative assessment to help
students practice and improve their data visualization skills. The
instructors provided feedback and suggestions on the students’ vi-
sual encoding choices, highlighting the strengths and weaknesses
of different options live in class. The instructors also compared the
students’ outputs with and without LLM assistance, noting any dif-
ferences in quality, creativity, and appropriateness for the given sce-
nario. The survey responses from the 14 students who completed
the survey were also analyzed to understand their experiences and
opinions of using LLMs for data visualization.

4. Results

The LLM group consisted of 47 students from even-numbered
groups, while the non-LLM group consisted of 48 students from
odd-numbered groups. 93% of the LLM group had used an LLM
before, indicating high familiarity. The non-LLM group spent sig-
nificantly more total time (311 hours) on the project compared to
the LLM group (127.5 hours), with average times per student of
7.07 and 4.90 hours respectively. Statistical analysis confirmed the
difference in average time spent between the groups was significant
(p-value < 0.001), indicating use of LLMs reduced the time needed
to complete the assignment. For each RQ, we first report the quan-
titative results from the 1st study (surveys / project evaluations),
followed by the qualitative results from the 2nd study (open-ended
questions and the Viz of the Day exercise).

4.1. Impact on Creativity (RQ1)

We posed the null and alternative hypotheses as follows:

• Null hypothesis: Using LLMs to assist students in data story-
telling does not negatively impact their creativity.

• Alternate hypothesis: Using LLMs to assist students in data sto-
rytelling negatively impacts their creativity.

We performed a one-sample t-test to determine if the average
response to the question "LLM helped me to generate more cre-
ative and engaging data stories" significantly differs from the neu-
tral midpoint. At a p-value < 0.001, we rejected the null hypothesis
and concluded that LLMs helped students generate more creative
and engaging data stories.

The results of our study suggest that there is no clear-cut an-
swer to this question, as both LLM and non-LLM groups showed
strengths and weaknesses in different aspects of creativity and in-
novation.

Survey/project results: Spearman correlation analysis of the con-
fidence in the use of LLMs and evaluations of students’ creativity
suggests that there is a weak negative linear relationship (corre-
lation) between professors’ evaluations of creativity and students’
confidence in the use of LLM. This means that as students’ con-
fidence in using LLMs increases, professors’ evaluations of cre-
ativity tend to decrease slightly, although the relationship is weak.

Also, the Spearman correlation analysis of the confidence in the use
of LLMs and students’ perception of their own creativity shows a
positive, moderate monotonic relationship between students’ con-
fidence in the use of LLMs and their perceived creativity. This sug-
gests that as students’ confidence in using LLM increases, their
perceived creativity tends to increase in a monotonic fashion.

T-test of the students’ perception of the impact of LLMs on their
creativity suggests that LLM has a significant effect on the gener-
ation of more creative and engaging data stories. With a p-value <
0.001, we accepted the alternate hypothesis, which states "LLM has
a significant effect on the generation of more creative and engag-
ing data stories." The discrepancy between students’ perception of
LLM impact on creativity and the quantitative scores assigned by
professors highlights the importance of considering both subjective
experiences and external assessments in evaluating LLMs’ effects.

The non-LLM group scored higher on criteria such as overall
quality and reliability, creativity and innovation, effectiveness of
interaction design, support for data exploration and analysis, pre-
sentation skills, and use and impact of embellishments. These cri-
teria reflect the ability of the non-LLM group to create original, en-
gaging, and interactive visualizations that invite further exploration
and analysis of the data. Overall scores per professor are shown in
Figure 1.

Figure 1: Group project scores by judges

Qualitative results: The survey also asked the students to describe
the challenges and benefits of storytelling with or without LLMs.
The responses were coded using thematic analysis and the main
themes are summarized in Table 2. The LLM group reported that
LLMs provided them with more options, insights, and ideas for
data stories, but also mentioned that LLMs sometimes misinter-
preted their prompts, gave irrelevant or inaccurate results, or lacked
creativity. The non-LLM group reported that storytelling without
LLMs allowed them to use their own insights, interpretations, and
creativity, but also mentioned that it was time-consuming, difficult,
or boring.

A compelling instance of Constructivist learning was observed in
a project where a student initially presented basic statistical analy-
ses of the Titanic dataset. Through iterative engagement with LLMs
to refine their data story prompts, the student evolved their project
into a multifaceted narrative exploring the socio-economic dispar-
ities among passengers and their survival rates. This process not
only utilized their prior knowledge of historical events but also in-
tegrated new analytical perspectives gained from working with the
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Table 2: Main themes from the open-ended survey responses

LLM Benefits/Challenges Non-LLM Benefits/Challenges

More options and ideas Own insights and interpreta-
tions

Faster and easier Creativity and innovation
Insights and details Deeper understanding
Misinterpretation or irrele-
vance

Time-consuming or difficult

Inaccuracy or over-
generalization

Lack of ideas or feedback

Lack of creativity or human
touch

Boring or repetitive

Table 3: Main themes from the Viz of the Day survey responses

Most helpful Least helpful

Multiple ideas and options Task misunderstanding or irrel-
evance

Word choice and phrasing Too many or too generic results
Concepts and insights Prompt crafting and refinement

data and LLM prompts. This iterative learning and refinement pro-
cess exemplifies Constructivist principles, leading to a more so-
phisticated and engaging visualization project that highlighted not
just data points, but stories of human experience behind the Titanic
tragedy.

Investigating the collective impact of individual LLM experi-
ence within group projects, we observed a significant enhancement
in both creativity and quality of data visualizations. Groups ben-
efiting from members with prior LLM experience showcased su-
perior project outcomes. Groups with LLM-experienced members
achieved creativity scores approximately 15% higher than groups
without such expertise. Their visualizations were distinguished by
innovative narrative techniques and more compelling storytelling,
indicating a synergistic effect of shared LLM knowledge. On qual-
ity metrics including clarity, accuracy, and design sophistication,
these groups’ visualizations outperformed others by 20%. This sug-
gests that LLM-experienced members not only contributed their
skills but also elevated their peers’ understanding and application
of visualization principles.

Viz of the Day results: Of the 30 students, 14 completed a post-
exercise survey. The survey asked the students to rate their agree-
ment with the statement "LLMs helped me to generate more cre-
ative and engaging Viz" on a 5-point Likert scale. The mean score
was 3.07 (SD = 1.16), indicating a neutral attitude toward the im-
pact of LLMs on creativity. The survey also asked the students to
describe the most helpful and the least helpful aspects of using
LLMs for data visualization. The responses were coded using the-
matic analysis and the main themes are summarized in Table 3. The
students reported that LLMs helped them generate multiple ideas,
word choices, and concepts, but also mentioned that LLMs some-
times did not understand the task, gave too many or too generic
results, or required careful crafting of prompts. The student pro-

posals with and without LLMs were evaluated by the professor and
they resulted in LLMs suggesting visualizations that were effective
depending on the effectiveness of the prompt. For example, without
providing that the audience of the Viz of the Day are experts, the
LLM would suggest a visual encoding that compares quantitative
values based on color hues instead of a position on a common scale
as noted by Mackinlay’s ranking of perceptual tasks [Mac86].

4.2. Impact on Deriving Insights (RQ2)

We defined the null and alternate hypotheses as follows:

• Null hypothesis: Using LLMs to assist students in data story-
telling does not lead to an increased focus on deriving insights
from the data.

• Alternate hypothesis: Using LLMs to assist students in data sto-
rytelling leads to an increased focus on deriving insights from the
data.

We performed a one-sample t-test to determine if the average re-
sponse to the question "LLM helped me focus on the insights in my
data, rather than the mechanics of writing code" significantly dif-
fers from the neutral midpoint. With a p-value < 0.001, we rejected
the null hypothesis and concluded that LLMs helped students focus
more on the insights rather than the mechanics of writing code.

Survey/project results. The LLM group also scored higher on cri-
teria such as accuracy and completeness, which may indicate that
they paid more attention to the data and its implications. They also
scored higher on criteria such as effectiveness of visual encoding,
clarity and conciseness of visualization, distinguishability of data
points, separability of data categories, use of popout and highlight-
ing, and usability of the interface. These criteria reflect the ability
of the LLM group to create clear, accurate, and effective visualiza-
tions that communicate the data and insights well.

T-test of students’ perception on the impact of LLMs to help in
focusing on insights from the data suggests that LLMs can signif-
icantly help students focus on insights generation from data rather
than writing codes. With a p-value < 0.001, we accepted the al-
ternate hypothesis, which states "LLM has a significant effect on
helping individuals focus on the insights in their data, as opposed
to the mechanics of writing code."

Qualitative results. As previously shown themes in Table 2, the
LLM group reported that LLMs helped them save time, avoid cod-
ing errors, and provide details and summaries of the data, but also
mentioned that LLMs sometimes lacked accuracy, reliability, or
logic. The non-LLM group reported that storytelling without LLMs
allowed them to explore the data, verify the results, and control the
narrative, but also mentioned that it was tedious, error-prone, or
superficial.

Viz of the Day results. The survey asked the students to rate their
agreement with the statement "LLM helped me focus on the in-
sights in my data, rather than the mechanics of writing code" on a
5-point Likert scale. The mean score was 3.36 (SD = 1.12), indi-
cating a neutral attitude toward the impact of LLMs on data focus.
Like RQ1, the most/least helpful thematic analysis has been sum-
marized in Table 3. The students reported that LLMs helped them
dissect and articulate complex data by providing word choices and
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phrasing. However, they also mentioned some examples of LLMs
misinterpreting or overgeneralizing the data, such as by suggesting
inappropriate charts or ignoring outliers, which led to misleading
visualizations.

4.3. Impact on Comprehension of Effective Storytelling (RQ3)

Similarly, to address this research question, we defined the null and
alternate hypotheses as follows:

• Null hypothesis: Using LLMs to assist students in data story-
telling does not positively impact their comprehension of effec-
tive storytelling principles.

• Alternate hypothesis: Using LLMs to assist students in data sto-
rytelling positively impacts their comprehension of effective sto-
rytelling principles.

Our one-sample t-test to determine if the average response to the
question "LLM is a valuable tool for data storytelling and com-
municating insights to others" significantly differs from the neu-
tral midpoint. At a p-value < 0.001 and considering the expert re-
viewer scores, we accepted the alternate hypothesis and concluded
that LLMs when used with a foundational knowledge of data sto-
rytelling, would help students tell better stories and communicate
insights.

Survey/project results. The LLM group reported that the LLMs
enhanced their ability to create a compelling story. However, the
non-LLM group also reported that they were able to create a com-
pelling story without the aid of LLM. Additionally, the non-LLM
group scored higher on criteria such as overall quality and reliabil-
ity.

Viz of the Day results. 80% indicated that the LLM enhanced
their ability to create compelling visuals and 87% found the LLM
valuable for visualization and communication. Similar to RQ1, the
most/least helpful thematic analysis has been summarized in Table
3.

Overall additional themes from qualitative responses. We fur-
ther analyzed the qualitative responses from the open-ended ques-
tions in the surveys to identify themes and insights. From the main
survey, we identified the following themes:

• Convenience and efficiency: Many students in the LLM group
mentioned that the LLM was convenient and efficient, as it pro-
vided details, summaries, insights, and suggestions in a fast and
easy way. They also appreciated that the LLM did the thinking
and writing for them, and that they could focus more on the anal-
ysis and insights, rather than the coding and mechanics. For ex-
ample, one student from the LLM group said, "The time saved
by avoiding backend grunt work" was the most helpful aspect of
the exercise. Students decided when the exercise was completed
based on their satisfaction with their created data story, allow-
ing for a naturalistic comparison of time taken. Another student
from the Viz of the Day group said, "It helps generating multiple
ideas" was the most helpful aspect of using LLMs.

• Creativity and diversity: Many students in the LLM group also
mentioned that the LLM helped them generate more creative and
diverse ideas, as it offered different perspectives, dimensions,
and hypotheses based on the data. For example, one student from

the LLM group said, "Using LLMs I could get more insights into
the data than what I’ve already observed" was the most helpful
aspect of the exercise. Another student from the non-LLM group
said, "We get to use our own insights and create a story line in
our minds instead of being fed a story by an LLM" was the most
beneficial aspect of storytelling without LLMs.

• Limitations and challenges: Some students in the LLM group
also mentioned some limitations and challenges of using the
LLM, such as the difficulty of uploading the dataset, the com-
plexity of prompts for accurate results, the lack of creativity and
depth in some cases, the misinterpretation or misunderstanding
of some questions or data, and the need to word the commands
carefully and review the outputs critically. For example, one stu-
dent from the LLM group said, "We had to word the commands
for the LLM carefully" was the least helpful aspect of the exer-
cise. Another student from the Viz of the Day group said, "Some-
times it doesn’t understand the ask, or it understands but doesn’t
give me something useful" was the least helpful aspect of using
LLMs.

• Learning and improvement: Some students in the LLM group
also mentioned that the LLM helped them learn and improve
their data storytelling skills, as it taught them how to structure
and formulate a data story, how to use proper and accurate word-
ing, how to leverage linguistic structures and elements, and how
to use different visualization types and techniques. For exam-
ple, one student from the LLM group said, "LLM can better use
proper and accurate wording to do the story telling" was the most
helpful aspect of the exercise.

• Variety and inspiration: Many students in the Viz of the Day ex-
ercise mentioned that the LLM provided a variety of ideas and
suggestions for creating visualizations, which inspired them and
helped them brainstorm. They also appreciated that the LLM
showed them things they would not have thought of otherwise,
and that it gave them multiple options to choose from.

• Prompt and context: Many students in the Viz of the Day ex-
ercise also mentioned that the prompt and the context were im-
portant factors in determining the quality and relevance of the
LLM outputs. They noted that the word choice, the clarity, and
the specificity of the prompt affected the answer returned by the
LLM, and that the input data, the target audience, and the analy-
sis task also influenced the visualization suggestions. They also
noted that crafting the right prompt required a clear understand-
ing of the goal and the capabilities of the LLM, which could be
a learning curve.

• Accuracy and reliability: Some students in the Viz of the Day
exercise also mentioned some issues with the accuracy and reli-
ability of the LLM outputs, such as occasional false leads, mis-
leading or generic visualizations, or irrelevant or excessive infor-
mation. They also noted that they had to verify and evaluate the
LLM suggestions critically, and that they could not rely on the
LLM entirely.

5. Discussion

Building on the presented findings, we now critically examine their
broader implications. The key learning theories explored help to
interpret the observed effects of LLMs on student creativity, sto-
rytelling quality, and comprehension. The behaviorist emphasis on
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new behaviors emerging from the interconnection of existing ele-
ments provides insight into how LLM suggestions may have con-
strained originality by over-reinforcing certain predefined connec-
tions while limiting novelty [EL99]. However, behaviorism would
also note that creativity increased for visual encodings, suggesting
that some prompts aided generative processes without excessive re-
strictions. Constructivism’s learner-centered perspective highlights
the importance of how students internally interpreted LLM outputs
to construct new understandings, which may have enhanced or ob-
structed creative storytelling depending on their meaning-making
process. Lastly, experiential learning theory underscores the moti-
vating role of concrete experiences, social negotiation, reflection,
and play in fostering creativity [KBM14]. Reliance on LLMs could
diminish certain aspects of active experimentation and learning
from failures that typically sparks human creativity. Thus the dif-
ferent theories provide complementary lenses into the multifaceted
tradeoffs observed, reinforcing notions of an appropriate balance of
guidance and autonomy.

Important connections can be drawn between Constructivist and
Experiential learning principles and recommendations for integrat-
ing LLMs. Constructivism suggests leveraging LLMs not as au-
thoritative solutions, but as thought-provoking cases for students
to compare, contrast, and engage in meaning-making dialogues.
This elucidates multiple interpretations and avoids over-reliance
on LLMs. Meanwhile, Experiential learning underscores gradually
introducing LLMs after initial hands-on exploration, so students
build tolerance for the uncertainty that is key for creativity be-
fore LLMs relieve friction. Both perspectives highlight balancing
LLMs’ guidance with human agency, using LLMs to open new tra-
jectories while sustaining activities that stretch imagination. The
theories align with measured integration of LLMs to enhance tech-
nical skills before open-ended human-centered challenges.

The data underscores the value of LLM experience within a col-
laborative learning environment, highlighting how individuals with
prior knowledge can elevate the entire group’s performance. This
phenomenon underscores a key Constructivist principle: learning as
a social, collaborative process where knowledge is co-constructed.
Incorporating LLM training into the curriculum could democratize
these benefits, ensuring all students have the foundation to con-
tribute to and benefit from group work effectively. We triangulated
the results from the surveys, the project scores, and the Viz of the
Day survey responses to address our research questions.

5.1. Creativity vs Accuracy

One of our research questions was whether using LLMs to aid data
storytelling negatively impacts students’ creativity compared to tra-
ditional methods. Based on the survey responses, we found that
both groups of students rated their own creativity and innovation
similarly, with no significant difference between the LLM and non-
LLM groups. However, based on the project scores, we found that
the non-LLM group scored slightly higher on creativity and inno-
vation than the LLM group, but the difference was not statistically
significant. This suggests that using LLMs does not necessarily
hamper students’ creativity, but it may limit it by providing them
with predefined or standard solutions, rather than encouraging them
to explore different possibilities or perspectives. Some students

who used LLMs also reported that they felt less creative or less in-
volved in the data storytelling process, as they relied on LLMs to do
most of the work for them. On the other hand, some students who
used LLMs reported that they felt more creative or more engaged,
as they used LLMs to generate multiple ideas, compare different
options, or refine their own solutions. These results are consistent
with previous studies that have explored the trade-offs between
LLMs and human creativity and suggested that LLMs can either
enhance or hinder creativity, depending on how they are used and
integrated into the data storytelling process [BCL∗23] [LHM∗23].

We also examined whether using LLMs affects the accuracy and
completeness of the data stories and visualizations. Based on the
survey responses, we found that the LLM group reported higher
confidence in their linguistic structures and elements than the non-
LLM group. Based on the project scores, we found that the LLM
group scored slightly higher on effectiveness of visual encoding
and clarity and conciseness of visualization than the non-LLM
group did, although the difference was not statistically significant.
This suggests that using LLMs may help students produce more
accurate and complete data stories and visualizations, or at least
increase their confidence in doing so.

The observations from the complementary Viz of the Day study
reinforce the tension around LLMs enhancing versus hindering cre-
ativity. Quantitatively, students chose less diverse visual encodings
when provided LLM suggestions compared to relying on their own
visualization knowledge. Qualitatively, student feedback echoed
benefits of inspiration from LLM variety and downsides of re-
stricted options or misinterpreted goals. The smaller sample limits
generalization but provides indicative triangulation.

5.2. Impact on deriving insights and effective storytelling

Another research question was whether using LLMs leads to an
increased or decreased focus on deriving insights from the data
compared to traditional methods. Based on the survey responses,
we found that the LLM group reported higher agreement that the
LLM helped them focus on the insights in their data, rather than
the mechanics of writing code, than the non-LLM group. Based on
the project scores, we found that the LLM group scored slightly
higher on effectiveness of visual encoding and clarity and concise-
ness of visualization than the non-LLM group, although the dif-
ference was not statistically significant. This suggests that using
LLMs may help students focus more on the insights and the story,
rather than the technical details, and produce more effective and
clear visualizations.

We also examined how using LLMs impacts students’ compre-
hension and understanding of effective data storytelling principles
compared to traditional methods. Based on the survey responses,
we found that the LLM group reported higher agreement that the
LLM enhanced their ability to create a compelling story and that
the LLM is a valuable tool for data storytelling and communicating
insights to others, than the non-LLM group. Based on the project
scores, we found that the LLM group scored slightly higher on
overall quality and reliability than the non-LLM group, although
the difference was not statistically significant. This suggests that us-
ing LLMs may enhance students’ comprehension and understand-
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ing of effective data storytelling principles, and increase their per-
ception of the value of LLMs for data storytelling.

5.3. Time spent by students

Another aspect we examined was the time spent by students on the
data storytelling exercise, both with and without LLMs. Based on
the survey responses, we found that the non-LLM group spent total
of 44% more time on average than the LLM group, indicating that
LLMs helped students complete the exercise faster. This finding
is consistent with the LLM group’s agreement with the statement
that LLMs helped them save time when creating data visualization
and the non-LLM group’s agreement with the statement that story-
telling without LLMs was time-consuming. The findings are also
consistent with previous studies that have highlighted the benefits
of LLMs for personalized learning, adaptive feedback, and com-
prehension [WYZ∗23] [HQS∗23]. The efficiency gained through
LLM use, paired with maintained or enhanced project quality, has
profound implications for learning outcomes. It suggests that LLMs
can afford students more time for exploration, feedback incorpora-
tion, and conceptual understanding, potentially enriching the learn-
ing experience. Educators might leverage LLMs to balance the
trade-offs between time constraints and the depth of student en-
gagement with data visualization concepts.

5.4. LLMs used for data visualization pedagogy

While we allowed for the use of different LLMs to afford students
the opportunity to explore various AI-driven insights, we acknowl-
edge this could introduce variability in the outcomes. However, our
preemptive measure of teaching prompt engineering was intended
to mitigate such effects. Students were not only given a set of ex-
ample prompts but were also encouraged to develop their own, ap-
plying the principles learned during the training.

Based on our findings, we recommend that LLMs should be used
for data visualization pedagogy, but with caution and moderation.
LLMs can be useful tools for augmenting and supporting human
data storytelling and visualization processes, but they should not re-
place or overshadow them [FM23]. LLMs should be integrated into
the pedagogy as complementary resources, rather than as primary
sources of data analysis and communication [LWLQ23]. LLMs
should be used to facilitate and inspire students, rather than to dic-
tate or constrain them. LLMs should be used to enhance and refine
students’ data stories and visualizations, rather than to generate or
evaluate them.

To achieve these goals, we suggest that instructors should pro-
vide clear and specific guidance and expectations for students on
how and when to use LLMs for data storytelling and visualiza-
tion. Instructors should also provide feedback and assessment on
students’ use of LLMs, as well as on their data stories and visu-
alizations, to ensure quality, accuracy, and creativity as discovered
through the Viz of the Day exercise where the LLMs would suggest
ineffective visual encodings depending on the effectiveness of the
prompt to consider the expert knowledge of the audience. Further-
more, instructors should expose students to a variety of LLMs, and
encourage them to compare and contrast their outputs, to develop

a critical and informed understanding of their strengths and weak-
nesses. Instructors should also foster a collaborative and reflective
learning environment, where students can share and discuss their
prompts, outputs, and experiences with LLMs, as well as their data
stories and visualizations, with their peers and instructors.

6. Limitations

Participants. Our study was completed on a small pool of 120 stu-
dents in 2 different masters programs. Small samples increase the
risk of bias and reduce statistical power, making it difficult to draw
definitive conclusions. Additionally, the Viz of the Day exercise
consisted of students from another university, which may not rep-
resent the views and experiences of the main study participants or
other data storytellers and visualizers. Lastly, although the groups
were randomly assigned, there was no baseline creativity assess-
ment. Stronger experimental control is needed to isolate the impact
of the LLM intervention.

LLM use compliance. While we instructed groups designated as
non-LLM not to use these tools, we acknowledge a limitation in our
ability to monitor compliance continuously. To mitigate this, we
incorporated self-reporting measures and project audit trails where
possible. However, the absence of a strict control mechanism to ver-
ify the non-use of LLMs by certain groups represents a limitation
of our study.

Differences in LLM models. One limitation of this study is that
it did not distinguish between the different LLM models students
were allowed to use, including ChatGPT, Claude, and Bard. Al-
though students could choose the LLM tool they felt most comfort-
able with, the unique capabilities, features, and outputs may have
varied between these models. Not isolating the impacts of each
LLM leaves ambiguity around whether certain effects can be at-
tributed to a particular model’s affordances and constraints versus
LLMs in general.

7. Conclusion

This study revealed nuanced tradeoffs in using LLMs for data vi-
sualization education. LLMs improved technical accuracy but re-
duced expert-evaluated creativity compared to traditional class-
room teaching. However, effects varied across skills and assign-
ments, with LLMs increasing creativity for visual encodings but
decreasing it for authored narratives. Students perceived LLMs as
useful tools, but faced challenges crafting effective prompts and
maintaining human innovation. The results point to balanced LLM
integration where they enhance inspiration and efficiency without
replacing human creativity and critical thinking. Specific recom-
mendations include staged introduction focused on foundational
skills before open-ended challenges, leveraging LLMs for brain-
storming not substitution, and training in prompt crafting and crit-
ical assessment. Findings provide valuable insights on synergistic
human-AI collaboration in data visualization pedagogy and prac-
tice.
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