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ABSTRACT

Data literacy is essential in today’s data-driven world, emphasizing
individuals’ abilities to effectively manage data and extract mean-
ingful insights. However, traditional classroom-based educational
approaches often struggle to fully address the multifaceted nature
of data literacy. As education undergoes digital transformation, in-
novative technologies such as Virtual Reality (VR) offer promising
avenues for immersive and engaging learning experiences. This
paper introduces DataliVR, a pioneering VR application aimed at
enhancing the data literacy skills of university students within a
contextual and gamified virtual learning environment. By integrat-
ing Large Language Models (LLMs) like ChatGPT as a conversa-
tional artificial intelligence (Al) chatbot embodied within a virtual
avatar, DataliVR provides personalized learning assistance, enrich-
ing user learning experiences. Our study employed an experimental
approach, with chatbot availability as the independent variable, an-
alyzing learning experiences and outcomes as dependent variables
with a sample of thirty participants. Our approach underscores the
effectiveness and user-friendliness of ChatGPT-powered DataliVR
in fostering data literacy skills. Moreover, our study examines the
impact of the ChatGPT-based Al chatbot on users’ learning, reveal-
ing significant effects on both learning experiences and outcomes.
Our study presents a robust tool for fostering data literacy skills,
contributing significantly to the digital advancement of data literacy
education through cutting-edge VR and Al technologies. Moreover,
our research provides valuable insights and implications for future
research endeavors aiming to integrate LLMs (e.g., ChatGPT) into
educational VR platforms.

Index Terms: Virtual reality, data literacy, LLMs, ChatGPT, digi-
tal transformation, immersive learning.
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1 INTRODUCTION

In the age of digital transformation, data literacy has emerged as an essen-
tial 21st-century skill, defined as “the ability to understand, interpret, and
effectively use data to make informed decisions” [15]. Recently, the signifi-
cance of this skill has transcended the confines of computer science and has
gained prominence in various scientific disciplines where data holds signif-
icant importance. Professionals such as researchers and data librarians rely
on data literacy to proficiently manage and analyze datasets [34]. Similarly,
education professionals need to impart and apply this competency in their
teaching methods and professional practices [25, 54]. Students, especially
in higher education, should develop and apply data literacy in their academic
endeavors to adequately prepare for future careers and lifelong learning in
today’s data-centric society. Recognizing the significance of data literacy, it
becomes imperative to address the existing challenges related to the practi-
cal and effective development and assessment of individuals’ data literacy.

Data literacy skills are intrinsically linked to data management prac-
tices [21], emphasizing “the ability to handle data throughout its lifecycle,
including collection, management, evaluation, and data application in a crit-
ical manner” [56]. Thus, enhancing data literacy can be achieved through
targeted training in data management practices. Despite increasing recogni-
tion and the incorporation of data literacy into educational curricula span-
ning from primary schools to higher education [16, 51, 65], its practical
implementation and effectiveness remain limited. Conventional teaching
methods, such as lectures and educational programs, offer students hands-on
opportunities to work with data [65]; however, they may not always effec-
tively engage students. Moreover, the assessment of data literacy is essential
for adaptive skill development but is often overlooked and lacks comprehen-
sive research. Current assessment tools mainly rely on traditional methods
like tests and self-reported questionnaires, which may not accurately mea-
sure students’ performance-based data literacy competencies [12]. Given
these research limitations, there is an immediate need for innovative and
practical training and assessment tools for data literacy.

Virtual Reality (VR) has gained significant popularity in recent years,
emerging as a transformative technology with broad applications across var-
ious domains, from entertainment and gaming [33, 49] to healthcare [30]
and education [52, 68]. Especially in education, VR stands out as a transfor-
mative tool that enhances education by immersing learners in immersive en-
vironments, boosting engagement, and improving learning outcomes [38].
VR offers several notable advantages. VR provides cost-effective solu-
tions for replicating expensive or hard-to-access learning materials [26] and
breaks down geographical limitations by enabling remote learning [8]. Ed-
ucators can use VR to develop dynamic simulations and interactive lessons
tailored to diverse learning needs, improving comprehension and retention
of complex concepts often challenging to convey through conventional ed-
ucational approaches [1]. Within the scope of this paper, VR emerges as
a potent tool for enhancing data literacy by integrating complex data liter-
acy concepts into immersive and gamified VR environments, addressing a
challenge where traditional educational approaches often fall short.

With rapid advancements in artificial intelligence (Al), large language
models (LLMs) have brought about significant changes in various aspects of
daily life, including business, healthcare, entertainment, and education [22].
Notably, the recent innovation of OpenAl’s ChatGPT [46] has opened up
new possibilities for enhancing educational experiences at all levels of edu-



cation in a variety of applications [31], including language learning [5], pro-
fessional skill development [35], empowered writing [59], automated essay
grading [41], and code assistance [32]. Particularly noteworthy is the use of
ChatGPT-driven conversational agents, which have demonstrated effective-
ness in diverse educational settings by offering learners personalized con-
versational assistance [42, 64]. While the integration of Al chatbots in VR
is not a recent innovation [24], the emergence of ChatGPT-powered chat-
bots represents a significant advancement, offering enhanced adaptability,
nuanced responses, improved contextual understanding, personalized assis-
tance, and a more natural conversational flow compared to traditional Al-
driven chatbots. However, despite the increasing integration of ChatGPT-
powered chatbots in VR [11], their potential effectiveness and influence on
user learning behaviors remain largely unexplored. This research gap mo-
tivates our investigation into using a ChatGPT-powered chatbot within a
custom-designed VR application aimed at fostering data literacy skills.
In summary, our contributions can be outlined as follows:

* We introduce DataliVR, an innovative VR application aimed at en-
hancing data literacy skills in higher education by immersing partici-
pants in a data lifecycle, with a focus on machine learning classifica-
tion as the contextual framework for learning. It provides an immer-
sive and gamified learning environment, effectively transforming ab-
stract data literacy concepts into interactive and tangible experiences.
The integration of the ChatGPT-powered chatbot further enhances it
by offering personalized conversational assistance.

* We demonstrate the effectiveness and transformative potential of
DataliVR through a comprehensive experimental approach, consid-
ering various aspects of user learning experiences and outcomes. Our
findings highlight its ability to offer users an integrated experience
conducive to enhancing data literacy.

* We assess the integration of the ChatGPT-powered Al chatbot within
DataliVR, examining its effectiveness and impact on user learning
experiences and outcomes, offering valuable insights and design con-
siderations for integrating ChatGPT-powered enhancements in educa-
tional VR settings.

2 RELATED WORK
2.1 Data Literacy Education

Data literacy is increasingly recognized as a crucial competency for indi-
viduals navigating the data-centric world. Previous studies have explored
various aspects of data literacy education, including teaching methodolo-
gies and assessment approaches. For instance, Wolff et al. [65] emphasized
the importance of data literacy skills by proposing a teaching approach for
UK primary schools. Students engaged with interpreting existing visualiza-
tions of smart meter data in the context of learning about solar energy gen-
eration. Their findings suggested promising prospects for the development
of a web-based platform to enhance more complex data skills education in
schools. Similarly, Simon et al. [62] introduced a curriculum development
model to enhance undergraduate students’ data literacy in online astronomy
classrooms. A pilot study across nine colleges and universities evaluated the
impact of instructional materials on students’ beliefs, revealing significant
improvements in both science engagement and data literacy skills. Aligned
with the learning context of this study, certain curriculum initiatives also aim
to enhance digital literacy by incorporating machine learning into the learn-
ing objectives for artificial intelligence within secondary education frame-
works [40]. Students are expected to describe different approaches to ma-
chine learning and explain their basic functionality. However, existing re-
search has predominantly focused on individual components of data literacy,
such as data collection, analysis, interpretation, and visualization. There is
a notable absence of comprehensive approaches that systematically teach
data literacy skills. Another important aspect of data literacy education is
data literacy skills assessment. Various assessment methods have been pro-
posed in previous work [12]. For instance, Wu et al. [67] developed an
approach for assessing pre-service teachers’ data analysis knowledge based
on cognitive diagnostic assessment. Reeves and Chiang [55] proposed using
a self-reported scale to evaluate educators’ data literacy in transforming in-
formation into a decision. Oguguo et al. [45] introduced a data literacy ques-
tionnaire (DLQ) for assessing the data literacy skills of students from five
universities. The DLQ showed effectiveness, and their findings indicated

that Ph.D. students exhibited better data literacy skills compared to those at
the M.Sc. and B.Sc. levels. Despite the effectiveness of such methods, the
existing research on data literacy assessment primarily relies on tests, semi-
structured interviews, and questionnaires, which may not fully capture the
full spectrum of data literacy competencies. Consequently, there remains
a significant gap in the development of comprehensive methodologies that
can holistically evaluate integrated data literacy skills. VR holds promise
as a potential solution to bridge this gap, enabling integrated and intelligent
teaching and evaluation of data literacy.

2.2 Virtual Reality in Education

VR has emerged as a transformative tool in digital education, facilitated by
the increasing accessibility of consumer-grade VR headsets, revolutioniz-
ing educational experiences across diverse domains. For instance, VR has
been used to create immersive simulations for training teachers in profes-
sional development [2, 18, 70]. Gao et al. [18] developed an immersive VR
classroom tailored for teacher training in classroom management, where
teachers delivered virtual lessons to virtual students programmed to display
disruptive behaviors. The authors introduced an innovative approach using
explainable machine-learning methods based on fused sensor data to assess
teachers’ expertise levels. Chen [9] demonstrated that immersive VR train-
ing significantly enhanced the classroom management skills of pre-service
teachers, skills they could effectively transfer to real classroom teaching
scenarios.

Moreover, VR has proven effective in enhancing student learning [39,
66]. It offers immersive learning environments that foster improved under-
standing and retention of intricate concepts in STEM fields such as math-
ematics [3], physics [20], science [37], chemistry [63], as well as in his-
tory [53] and language learning [13]. In addition, VR plays an impor-
tant role in fostering essential 21st-century core skills, including problem-
solving [4] and critical thinking [28] in computer science education, and soft
skills like communication [61]. For instance, Pirker et al. [S0] compared the
effectiveness of VR and web-based platforms in sorting algorithm tasks,
revealing that immersive visualization and animations in VR significantly
improved learning outcomes and positively impacted learners’ engagement
and emotional experiences. In another study, Segura et al. [S8] developed
VR-OCKS, a VR game that teaches basic programming concepts to chil-
dren. This prototype effectively leveraged gamification strategies within VR
settings, outperforming traditional 2D environments in motivating children
and teenagers to grasp programming skills. Dominic et al. [14] explored the
potential of VR in supporting pair programming, demonstrating that pro-
grammers working in a VR environment exhibited twice the productivity
compared to those using conventional screen-sharing systems. Hasenbein et
al. [23] and Gao et al. [17, 19] have also delved into developing immersive
VR classrooms to foster students’ computational thinking skills, exploring
students’ visual perceptions, varied learning experiences, and the interrela-
tionships among them. Their studies addressed research questions that are
challenging to explore in real-world classrooms.

Despite the growing body of research on VR’s role in education, its po-
tential to support data literacy, a critical 21st-century skill, has been largely
overlooked. The multifaceted nature of data literacy, which involves abili-
ties in data management presents unique challenges. Integrating these di-
verse skills into a coherent and engaging VR-based learning experience
proves particularly challenging. These gaps and challenges drive the focus
of our study.

2.3 ChatGPT-powered Education

The advent of LLMs like ChatGPT (November 2022) [46] has brought
transformative changes across various domains, significantly impacting ed-
ucation. Particularly, ChatGPT showcases the potential to personalize and
enrich learning experiences. For example, Chen et al. [10] introduced GP-
Tutor, a ChatGPT-powered programming tool that delivers concise and ac-
curate code explanations through designed prompts in pop-up messages.
Both students and teachers expressed satisfaction with GPTutor for its intu-
itive interface and effective code clarification. Jauhiainen and Guerra [29]
evaluated the integration of generative Al (i.e., ChatGPT-3.5) in primary
education. They collected feedback from students in grades 4th—6th in two
schools regarding their experience with using generative AI-modified learn-
ing materials. While the results highlighted the considerable potential of
ChatGPT in facilitating personalized learning content generation, further



analysis based on broader data sets is needed. Young et al. [69] investigated
ChatGPT’s potential in generating chatbot dialogues to aid English learn-
ing. Their research indicated the effectiveness of the generated chatbot’s
dialogues in enhancing language acquisition among students.

Furthermore, ChatGPT has found widespread application for Al chatbot
implementations across various educational contexts, aiming to deliver in-
teractive and personalized conversational assistance. For instance, Shaikh et
al. [60] investigated the use of a ChatGPT-driven chatbot as a conversational
support in language learning, revealing its promising effectiveness. In addi-
tion, within the gaming industry, ChatGPT-powered Non-Player Characters
(NPC) amplify player engagement and enrich gaming experiences [27]. VR
environments stand to benefit significantly from the integration of ChatGPT-
powered AI chatbots for conversational support. For example, Nihal et
al. [43] examined ChatGPT’s role as a conversational assistant to promote
the development of soft skills in VR, discussing challenges in accuracy, bi-
ases, and ethical considerations. Chheang et al. [11] conducted a pilot study
to examine the effectiveness of a ChatGPT-powered embodied virtual as-
sistant in anatomy education, revealing the significant impact of the chat-
bot avatar configuration. Despite promising prospects, further research is
needed to assess the efficacy of integrating ChatGPT-powered chatbots into
educational VR applications, understand user perceptions and attitudes, and
measure their potential impacts on learning behaviors and outcomes.

3 DATALIVR FRAMEWORK
3.1 VR Environment Design

DataliVR is a comprehensively designed VR application aimed at offering
an immersive and unified learning experience in data literacy. It integrates
essential aspects of data management, guiding users through key stages in-
cluding data collection, cleaning, analysis, and visualization, thereby en-
hancing their data literacy skills. To contextualize data literacy within a
tangible framework, we employed a machine learning decision tree classi-
fication scenario focused on fruit classification, offering users hands-on en-
gagement throughout the data management process. Tailored for university
students with varied backgrounds but not a machine learning background,
DataliVR empowers them to develop essential data literacy skills in an en-
gaging environment. The application features five distinct virtual scenes:
Fruit Market, Data Collection, Data Cleaning, Data Analysis, and Data Vi-
sualization, as illustrated in Figure 1.

Fruit Market:  Before engaging in hands-on data management activ-
ities, users are immersed in a simulated Fruit Market environment. Here,
they engage in a basic manual fruit classification task. Although seemingly
straightforward, this exercise plays an important role in introducing users to
basic concepts before moving on to machine learning-based classification.
Additionally, quizzes are incorporated to assess users’ existing understand-
ing of data literacy and machine learning classification, providing a basis
for the subsequent stages of the DataliVR journey. As shown in Figure 1b.

Data Collection:  In this scene, users are immersed in a gamified
learning environment focused on fruit data collection. A virtual data station
is designed to facilitate the interactive process of data collection by allowing
users to drag fruits onto the Data Station. Once a fruit is selected, an infor-
mation tag displaying its attributes promptly appears above it. The collected
data is then presented in a tabular format on a virtual data panel, reflecting
common practices in real data presentation, particularly in machine learning
contexts. This immersive experience equips users with hands-on experience
in data collection and formatting. As presented in Figure Ic.

Data Cleaning: In this scene, users undergo a comprehensive data-
cleaning experience that consists of two phases: passive learning and active
exercise. In the learning phase, users engage in guided data-cleaning tasks
based on established data-cleaning standards, focusing on cleaning prede-
fined data outliers. Any attempts to remove non-outliers result in the data
being returned to the panel along with relevant tips. A help button offers
sequential hints about an outlier if none is identified within a set time frame.
In the exercise phase, users apply acquired data-cleaning skills to a more
complex task, featuring additional fruit attributes. They have the flexibility
to remove any data they consider as outliers and can indicate task comple-
tion by clicking a finish button. Upon completion, users receive immediate
feedback on their task performance and are presented with quizzes to assess
their skill acquisition. As shown in Figure 1d.

Data Analysis: In this scene, users delve into data analysis through
a machine-learning fruit classification context, specifically centered on a
decision tree classifier. Similar to the data cleaning scene, the data analysis
session consists of two phases: passive learning and active exercise, aimed
at teaching users basic machine-learning classification principles. During
the learning phase, users passively interact with a trained decision tree clas-
sifier to observe its classification process of various fruit types. They can
engage with the classification process by clicking on tree nodes and receiv-
ing feedback on performance until all fruits are categorized. In the exercise
phase, users engage in a classification task mirroring the decision-making
process of a tree classifier to determine whether a fruit is suitable for sale
based on the provided decision criteria. Upon completion, users receive im-
mediate feedback on task accuracy, followed by a quiz session. As depicted
in Figure le.

Data Visualization: In this scene, users explore fruit data using
three-dimensional visualizations. They can interact with the 3D plots to ex-
tract specific details and compare various aspects of the fruit data. This in-
teractive approach allows users to deepen their understanding of the dataset,
making it easier to identify trends and outliers effectively. As users engage
with the visualizations, they come across quizzes designed to assess their
comprehension of 3D data visualization. As presented in Figure 1f.

3.2 ChatGPT-powered Al Chatbot

In addition to providing an interactive virtual learning environment en-
riched with gamified features, DataliVR incorporates a ChatGPT-powered
AI Chatbot. For real-time natural language processing and response gen-
eration within the virtual setting, we used the ChatGPT API, specifically
the GPT-3.5 Turbo version [48]. To further enrich user engagement, we
integrated Oculus’s Voice SDK [44] for text-to-speech conversion and em-
ployed OpenAI’s Whisper model [47] for speech-to-text conversion. This
integration empowers the chatbot with audio capabilities, enabling a more
realistic conversational experience closely mimicking natural dialogue.

As shown in Figure 1a, the chatbot was embodied within a virtual avatar.
To initiate interaction with the chatbot, users need to activate the avatar
by clicking the designed chat button. Subsequent interaction is initiated
by pressing and holding the controller trigger, releasing it to conclude the
conversation. The chatbot’s responses also appear in a centrally positioned
subtitle panel on the avatar. If no interaction occurs for three seconds, the
chatbot avatar fades away. The design of the chat button aims to minimize
user distraction during the learning process, enabling users to summon the
chatbot avatar only when seeking conversational assistance. This design
was proven effective through the pilot study.

4 METHOD
4.1 Participants

Thirty university students with diverse academic backgrounds and no prior
knowledge of machine learning participated in our user study. The partici-
pants’ fields of study included Educational Science (6), Computer Science
(5), Law (3), Engineering (3), Management (3), Math (2), Medicine (2),
Psychology (2), Biology (1), Linguistics (1), Environmental Science (1),
and Architecture (1). The group consisted of 17 females and 13 males, with
an average age of 24.6 (SD = 2.4) years. Regarding their prior experience
with VR, 33.33% (10) reported no prior exposure to VR, 36.67% (11) indi-
cated they had engaged with VR once or twice, 10% (3) reported three to
five VR experiences and 13.33% (4) reported having more than five VR ex-
periences. This study received approval from the University’s Institutional
Review Board (IRB).

4.2 Apparatus

We developed DataliVR using the Unity engine (version 2022.3.12f1) in
conjunction with SteamVR. Participants experienced the VR environment
through the Varjo XR3 headset, which provided a high resolution of 1920
x 1920 pixels per eye and a horizontal field of view of 115°. HTC Vive
controllers were employed to facilitate interaction with the VR environment.
Varjo base stations were used for headset and controller tracking. The VR
system was executed on a high-performance PC equipped with an Intel Core
19 processor, 64GB of RAM, and an NVIDIA GeForce RTX 4080 graphics
card, ensuring smooth performance and optimal visual quality throughout
the experiment.
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This is not an outlier! Think
again!

Notice a lemon with strange color?

Figure 1: Overview of ChatGPT-enhanced DataliVR

4.3 Study Design

Our study aims to comprehensively assess the effectiveness of DataliVR
across multiple dimensions of participant learning experiences and out-
comes, as detailed in Section 4.5. In addition, we aim to examine the impact
of the ChatGPT-powered Al Chatbot on these aspects. To achieve these ob-
jectives, we conducted a controlled experiment using a between-subjects de-
sign with a single independent variable, namely the presence of the chatbot,
presented at two levels: Without Chatbot and With Chatbot. Participants
were randomly assigned to one of the conditions.

4.4 Gamified Tasks

DataliVR seamlessly combines educational content with entertainment, im-
mersing participants in interactive learning settings centered on data liter-
acy. Participants navigate through a structured sequence of interconnected
VR scenes, each presenting unique tasks and challenges related to data col-
lection, cleaning, analysis, and visualization, respectively (see Figure 1).
As detailed in Section 3.1, it incorporates passive learning, active exercises,
and quiz sessions. Each task is thoughtfully designed, requiring participants
to familiarize themselves with the game rules presented in VR and interact
with 3D objects using a controller. The sequential progression of scenes
captures the excitement of advancing through gaming levels, ensuring an
engaging and rewarding experience for participants. Throughout the learn-
ing journey, eight exercises were integrated into both the data cleaning and
data analysis scenes, accompanied by a total of fifteen quizzes across four
scenes.

4.5 Measures

To evaluate the overall effectiveness of DataliVR, as well as the impact
of the ChatGPT-powered AI Chatbot on participants, we employed a com-
prehensive evaluation approach incorporating both subjective and objective
metrics. Our focus centered on two crucial dimensions of participant en-
gagement: learning experiences, and efficiency and outcome. We began
with an in-VR pre-test to assess participants’ baseline knowledge before
they started the virtual learning process. Subsequently, we tracked their

learning progression through various tasks integrated within the VR learn-
ing modules. After each learning segment, an in-VR quiz session was ad-
ministered to sustain immersion, eliminating the need for participants to exit
the virtual environment. Further details follow below.

4.5.1 User Experience

We evaluated user experience using the User Experience Questionnaire
Short Version (UEQs) [57]. This questionnaire requires a short comple-
tion time and includes two scales: one to measure pragmatic quality (task-
related) and the other to measure hedonic quality (non-task-related). Each
scale consists of four 7-point Likert items, resulting in a total of eight items.

4.5.2 System Usability

We used the System Usability Scale (SUS) questionnaire [6, 7], a well-
established tool for assessing system usability, to assess DataliVR. The SUS
comprises ten items that capture key usability aspects, including ease of use,
usefulness, perceived complexity, consistency, and ease of learning, each
presented as concise statements about the system. Participants indicated
their level of agreement with each statement using a 5-point Likert scale.

4.5.3 Motion Sickness

Motion sickness continues to be a significant issue in the VR domain.
Therefore, evaluating the degree of motion sickness in users is a crucial
aspect of evaluating VR applications’ performance, usability, and efficacy.
We used a modified version of the Pensacola Diagnostic Criteria survey,
known as the Motion Sickness Questionnaire (MSQ) [36]. The MSQ con-
tains six items addressing various symptoms, including nausea, cold sweat-
ing, drowsiness, headache, flushing, and dizziness. Participants rated their
experiences using a 4-point Likert scale, where 1 indicates no symptoms,
and 4 indicates severe symptoms.

4.5.4 Feedback on Chatbot Experience

We designed two tailored questionnaires to gather participants’ feedback on
their experiences with the chatbot and to understand their perceptions in its



absence. Each questionnaire comprises six questions, with participants re-
sponding using a 5-point Likert scale. For the Without Chatbot condition,
participants were asked about: 1. the need for additional assistance during
learning; 2. the desire for clarification and guidance; 3. seeking support
from experimenters; 4. whether the absence of the chatbot hindered learn-
ing progress; 5. the impact of the chatbot’s absence on their satisfaction; 6.
how beneficial they believe a chatbot would have been for assistance during
learning. For the With Chatbot condition, questions covered: 1. the engage-
ment frequency with the chatbot; 2. enjoyment level while interacting with
the chatbot; 3. the chatbot’s effectiveness in supporting learning; 4. ease
of interaction with the chatbot; 5. the perceived authenticity of the chatbot
visualized as an avatar; 6. satisfaction with the chatbot’s avatar appearance
in VR.

4.5.5 Task Completion Time

The assessment of learning efficiency starts with examining participants’
total task completion time. This metric provides a straightforward measure
of DataliVR’s effectiveness and user-friendliness in improving data literacy
skills through descriptive statistics. It evaluates both the speed and profi-
ciency with which participants progress through all phases of the data liter-
acy journey. In this study, the task completion time is defined as the duration
participants spend immersed in DataliVR to complete the tasks.

4.5.6 Learning Performance

We evaluated participants’ task performance within DataliVR, focusing on
their accuracy in completing specific learning tasks, including data cleaning
and data analysis in a machine-learning fruit classification context. More-
over, we analyzed their performance in quizzes administered at the end of
each data literacy phase to measure their knowledge acquisition. Impor-
tantly, participants were unable to directly seek answers to the tasks and
quizzes from the chatbot, as these assessments necessitated contextual un-
derstanding beyond its designated capabilities. Nonetheless, they could ask
for relevant knowledge from the chatbot.

4.6 Procedure

Upon arrival at our VR lab, participants received an introduction to the ex-
periment and then signed a consent form. They were informed about the
possibility of experiencing motion sickness during VR immersion and were
assured that they could terminate the VR immersion at any time without
explanation. Following this, participants completed a demographic ques-
tionnaire detailing their age, gender, educational background, and prior VR
experience. A pre-test was administered to assess their baseline knowledge
of data literacy. Next, participants engaged in a practice session within a
separate virtual environment to familiarize themselves with basic VR in-
teractions using the controller and practiced engaging in dialogue with the
chatbot. The main experiment involved an uninterrupted VR experience in
DataliVR. Throughout this immersive session, participants received guided
assistance in VR to navigate and complete various learning tasks and exer-
cises, as outlined in Section 3.1. The duration of this learning session varied
among participants, with an average duration of 23.23 minutes. Upon com-
pletion, participants filled out questionnaires about their experiences with
DataliVR. Notably, participants were situated in a solitary lab environment
throughout the VR immersion to ease any concerns about feeling monitored,
particularly in the chatbot condition, so that they could talk freely with the
chatbot and feel comfortable.

5 RESULTS

In this section, we present the results regarding the overall effectiveness
of DataliVR and the impact of the chatbot on participants. Our analysis
includes descriptive statistics and statistical comparisons between the two
conditions using t-tests and Mann-Whitney U tests for parametric and non-
parametric tests, respectively. The significance level was set at o¢ = 0.05.
For the questionnaires assessing various user experiences, we calculated
each participant’s overall score by averaging scores across all items within
each questionnaire. For analysis purposes, we reversed scores for certain
subscales in some questionnaires, establishing a consistent direction where
higher scores consistently indicated either positive or negative experiences.
For the learning performance assessment, we reported participants’ overall
accuracy in task performance across all sixteen exercises and fifteen quizzes

within DataliVR. Regarding participants’ prior knowledge about data lit-
eracy, particularly in machine learning classification, we observed lower
prior knowledge among participants, with no significant difference between
the two conditions (p > .05). Additionally, participants’ academic back-
grounds did not significantly affect their learning experiences and perfor-
mance (p > .05).

5.1 User Experience

The results indicated that participants generally reported a high user experi-
ence while using DataliVR, with an average rating of M =5.99 (SD = 0.58)
out of 7. Moreover, as shown in Figure 2a, we found a significant effect of
the chatbot on user experience. Specifically, participants reported a higher
level of user experience in the With Chatbot condition (M = 6.24, SD =
0.43) compared to the Without Chatbot condition (M = 5.75, SD = 0.62),
with7(28) = —2.3, p = .028.

5.2 System Usability

Similarly, participants generally rated the system usability of DataliVR fa-
vorably, indicating its high effectiveness with an average level of M = 4.05
(SD = 0.36) out of 5. As depicted in Figure 2b, the With Chatbot condition
(M =4.19, SD = 0.27) demonstrated superior usability compared to the
Without Chatbot condition (M = 3.91, SD = 0.38). This difference was sta-
tistically significant with 7(28) = —2.12, p = .044, indicating the enhanced
user-friendliness facilitated by the presence of the chatbot.

Interestingly, while participants reported better overall system usability
for DataliVR, there was a notable deviation in the SUS-4 item (see Fig-
ure 2b) regarding the need for technical support. Despite the higher SUS
scores in the With Chatbot condition, participants reported less confidence
(M =2.78, SD = 0.93) in using DataliVR without the support of a technical
person compared to the Without Chatbot condition (M = 4.07, SD = 1.03).
This difference was statistically significant, as indicated by a Mann-Whitney
U statistic of U = 159, p = .004 for a nonparametric comparison.

5.3 Motion Sickness

Participants reported experiencing low motion sickness in DataliVR, aver-
aging a rating of M = 1.42 (SD = 0.45) out of 4. Moreover, motion sick-
ness ratings were similar across conditions, with the Without Chatbot con-
dition at M = 1.32 (SD = 0.32) and the With Chatbot condition at M = 1.53
(SD = 0.53). No statistically significant differences were observed (p > .05)
(see Figure 2c).

5.4 Feedback on Chatbot Experience

In the Without Chatbot condition, participants provided feedback on the ab-
sence of the chatbot across six dimensions. As depicted in Figure 3a, partic-
ipants rated the impact of the chatbot’s absence on their learning experience
as minimal, reflected in items 1 to 5, with an average score of M = 2.11
(SD = 0.59) out of 5. Specifically, participants indicated a limited need for
additional assistance (M = 2.21, SD = 0.89), clarification of tasks (M =
2.36, SD = 0.93), and help from experimenters (M = 1.93, SD = 1.21).
They also perceived the chatbot’s absence as having a minor impact on their
learning progression and grasp of learning content(M = 2.14, SD = 0.86),
and on their overall satisfaction with DataliVR (M = 1.93, SD = 1.07). De-
spite these findings, participants still recognized the significant potential
benefits of having a chatbot to support learning within DataliVR (M = 3.79,
SD =0.71).

In the With Chatbot condition, participants spent an average of 1.48 min-
utes engaging with the chatbot, which was relatively low considering the
average immersion time of 23.23 minutes in DataliVR. Notably, four par-
ticipants did not engage with the chatbot at all, a point further discussed in
Section 6.2. Moreover, participants provided feedback on their experience
with the chatbot across six dimensions, rating each dimension on a scale of
1 to 5. As shown in Figure 3, participants rated their overall positive ex-
perience with the chatbot at M = 3.27 (SD = 0.64) out of 5. However, as
depicted in Figure 3b, participants engaged less frequently in conversations
with the chatbot (M = 1.93, SD = 0.92) and reported moderate enjoyment
during interactions (M = 2.86, SD = 1.03). Despite this, participants con-
sidered the chatbot effective for learning (M = 3.29, SD = 1.33) and found
it easy to interact with (M = 3.93, SD = 1.07). Additionally, participants
perceived the chatbot embodied in the virtual avatar as highly authentic
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(M =4.07, SD = 0.83) and reported high satisfaction with its representa-
tion in the virtual environment (M = 3.57, SD = 1.16).

5.5 Task Completion Time

The overall task completion time served as a metric to evaluate the efficiency
of DataliVR. Immersion time was divided into engagement in tasks and
interaction with the chatbot. In the With Chatbot condition, the time spent
interacting with the chatbot was excluded from the task completion time
calculation. As a result, participants spent an average of 22.56 minutes
completing tasks in the Without Chatbot condition and 22.49 minutes in the
With Chatbot condition. As depicted in Figure 4a, no statistically significant
difference was observed in task completion time (p > .05).

5.6 Learning Performance

Participants’ learning performance was evaluated from two perspectives:
task completion and quiz results. On average, participants showed profi-
ciency in both fruit data cleaning and analysis (machine-learning classifica-
tion) tasks, achieving an overall average accuracy of M = 0.79 (SD = 0.10).
Additionally, their performance in knowledge quizzes reflected a robust un-
derstanding of data literacy, with an overall average accuracy of M = 0.73
(SD = 0.11) across all quizzes.

Furthermore, the presence of the chatbot was found to impact partici-
pants’ task performance. Surprisingly, Figure 4b reveals that participants
achieved higher task accuracy in the Without Chatbot condition (M = 0.83,
SD = 0.07) compared to the With Chatbot condition (M =0.75, SD =0.11).
This difference was statistically significant, with 7(28) = 2.26, p = .032. A
similar trend was observed in participants’ performance in the in-VR quiz
sessions, as shown in Figure 4c. In this context as well, participants exhib-
ited better quiz performance in the Without Chatbot condition (M = 0.75,
SD = 0.12) compared to the With Chatbot condition (M =0.71,SD =0.11),
although this difference was not statistically significant (p > .05).

6 DISCUSSION

Our findings underscore the robust usability and effectiveness of DataliVR.
The impact of the ChatGPT-powered Al Chatbot on participants’ learning
varied across different aspects. We discuss our findings in detail below.

6.1 Effectiveness of DataliVR in Fostering Data Literacy
Learning

In this section, we discuss the effectiveness of DataliVR from two key per-
spectives: delivering user-friendly learning experiences and supporting ef-
fective knowledge acquisition. Our findings indicate that participants rated
their user experience with DataliVR highly, averaging M = 5.99 on a scale
of 1 to 7. They expressed significant interest in using DataliVR and found
the gamified learning journey to be highly beneficial for understanding data
literacy concepts and developing relevant skills. In addition, participants
rated the system usability of DataliVR favorably, averaging M = 4.05 on
a scale of 1 to 5. They found DataliVR well-designed, featuring a seam-
less guided learning process, diverse functions, and user-friendliness that
minimized the need for additional technical support during use. Despite
an average immersion duration of 23.23 minutes, participants reported ex-
periencing minimal motion sickness, averaging M = 1.42 on a scale of 1
to 4, indicating a seamless and enjoyable learning experience facilitated by
DataliVR.

Furthermore, the effectiveness of DataliVR is evident in participants’
knowledge performance. Our findings reveal high levels of knowledge ac-
quisition in two key aspects: task performance and in-VR quiz accuracies.
Participants achieved an average accuracy of M = 0.79 in performing data
cleaning and analysis tasks, and M = 0.73 in answering quizzes after en-
gaging in passive learning and exercise sessions within each scene. No-
tably, considering participants’ lack of prior knowledge in data literacy and
machine learning classification and the challenging nature of the exercises,
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achieving an overall average accuracy of over 0.75 in task performance sig-
nifies significant learning within DataliVR. Overall, our results demonstrate
DataliVR’s high usability and effectiveness in fostering the development of
data literacy skills.

6.2 Differential Impact of ChatGPT on Learning Aspects

This section discusses the effects of the ChatGPT-powered Al chatbot on
participants’ learning experiences and outcomes and their interactions with
the chatbot. Our findings suggest that participants in both conditions gener-
ally had positive learning experiences (see Figure 2) with DataliVR. Despite
their infrequent interactions with the chatbot, we observed significant im-
pacts of its presence on participants’ learning experiences and outcomes.
Specifically, DataliVR integrated with the Chatbot provided participants
with a significantly better user experience (p = .028, see Figure 2a). How-
ever, it is worth noting that although participants rated the overall system us-
ability of the chatbot-powered DataliVR highly (p = .044, see Figure 2b),
they expressed a significantly greater need for technical support to use it
(p = .004). This discrepancy does not contradict the results indicating a
higher general user experience in the With Chatbot condition, as the need
for technical support specifically relates to the usage of the chatbot. Despite
undergoing a flexible practice session, some participants still hesitated to en-
gage with the chatbot due to their limited experience with VR and ChatGPT.
For instance, P1 mentioned, “I have problems interacting with the chatbot.
It is not as intelligent as I imagined”. In the recorded VR scene video, P1
was observed struggling multiple times to interact with the chatbot before
eventually having a successful conversation.

Regarding participants’ learning performance, the results show high
learning outcomes under both conditions (see Figure 4). However, the pres-
ence and absence of the chatbot appeared to have different effects on learn-
ing outcomes. Surprisingly, in the Without Chatbot condition, participants
exhibited higher learning performance in both task performances (p = .032)
and in-VR quiz sessions (though p > .05). This finding challenges the ex-
pected assumption that the chatbot would enhance learning outcomes. Con-
sidering previous user experience feedback (see Figure 2), one possible ex-
planation for this unexpected result is the immersive nature of the designed
tasks, and the comprehensiveness of instructions and learning progression in
a step-by-step manner, which may have enabled participants to achieve high
performance even without additional assistance from the chatbot. Addition-
ally, despite the fluently designed interaction with the avatar-based chatbot,
participants rated a higher need for technical support while using DataliVR
(p = .004, see Figure 2b), which may be attributed to the chatbot according
to participants’ posthoc feedback. This could potentially account for lower
learning performance. Another factor could be the potential distraction
posed by the chatbot’s presence during participants’ immersion in Datal-
iVR. Although the chatbot avatar is only visible when participants initiate a
conversation to reduce distractions, the chatbot button remains prominently
visible within the participant’s field of view throughout all VR scenes, fea-
turing a jump animation every five seconds (see Figure 1a). However, a
more in-depth exploration of the relationship between learning performance
and the chatbot’s presence or absence requires a thorough analysis of partic-
ipants’ interaction videos and audio recordings within DataliVR, as well as

learning behavior data in VR. Such an analysis could shed light on how par-
ticipants engage with the chatbot and how this interaction influences their
learning outcomes. While this investigation falls beyond the scope of the
current study, it represents a crucial next research step.

Next, we delve deeper into participants’ interaction with the chatbot.
Surprisingly, participants in the With Chatbot condition engaged in conver-
sations with the chatbot for an average duration of 1.48 minutes, lower than
anticipated. This limited interaction was also reflected in participants’ expe-
rience feedback, with an average rating of 1.93 on a scale of 1 to 5 regarding
their level of active engagement in chatbot conversations (see Figure 3b).
Particularly, four participants did not engage with the chatbot at all during
their learning in DataliVR. The qualitative feedback from these participants
reflects their sense of independence and satisfaction with the learning jour-
ney in DataliVR, as expressed by P2: “I felt totally immersed in perform-
ing tasks in DatliVR”, P6: “I understood all the instructions presented in
DataliVR and can perform tasks myself without additional support from the
chatbot”, P25: “I don’t need support from the chatbot; the learning jour-
ney is very smoothly designed”, and P28: “I don’t know what to ask, and
1 forgot to ask during my learning and task completion”. However, despite
the infrequent interactions with the chatbot, participants consistently rated
its presence in DataliVR highly overall (see Figure 3b), indicating that they
considered the chatbot as positively influencing their learning experiences.
They perceived the chatbot as effective, easy to interact with, and authentic,
as demonstrated in prior research showing higher performance with a Chat-
GPT assistant embodied within an avatar compared to a non-avatar condi-
tion [11]. Moreover, participants found the avatar to be satisfying. These
findings are consistent with the broader learning experience in DataliVR,
where participants reported high engagement, satisfaction, and usability of
DataliVR for skill development (see Figure 2a and Figure 2b).

Moreover, we also collected participants’ feedback on the absence of the
chatbot to assess its potential impact on their learning experience. Partici-
pants were asked to express whether they sensed the absence of the chatbot,
whether they believed their learning was influenced by its absence, and if
they anticipated having a chatbot for additional support during learning (see
Figure 3a). Our findings revealed that participants perceived minimal ef-
fects of the chatbot’s absence on their learning, averaging 2.11 on a scale
of 1 to 5. Specifically, participants expressed a limited level of need for
assistance and clarification of tasks from a chatbot. Moreover, the chat-
bot’s absence did not significantly affect participants’ learning progression
and overall satisfaction. These findings align with earlier findings indicating
relatively higher learning performance in the Without condition compared to
the With condition (see Figure 4). Nonetheless, participants still expressed
that having an Al chatbot for assistance during their learning in DataliVR
would be beneficial, rating it at an average of 3.79 on a scale of 1 to 5.

Overall, our study demonstrates the potential impact of the ChatGPT-
powered Al Chatbot in DataliVR, enhancing participants’ learning experi-
ences and influencing their learning outcomes. However, further exploration
is needed to fully understand the relationship between the chatbot’s presence
and learning outcomes. Our findings offer valuable insights for future re-
search aiming to integrate ChatGPT-powered Al Chatbots into educational
VR applications. Rather than simply using ChatGPT for its capabilities and



popularity, it is crucial to delve deeper into users’ perceptions and attitudes
toward engaging with ChatGPT. Despite ChatGPT’s popularity, many in-
dividuals, especially those not from computer science, still do not utilize
it on a daily basis. Moreover, our findings highlight how the immersive
nature of tasks in VR can impact users’ interaction with the chatbot. Users
may become deeply immersed in tasks, potentially overlooking the chatbot’s
role. To address this, researchers can implement strategies to promote in-
teraction with ChatGPT. For instance, introducing more knowledge-related
challenges rather than enabling users to summon the chatbot avatar only
when seeking conversational assistance. This approach would encourage
users to actively seek guidance from ChatGPT, thereby enhancing learning
outcomes through ChatGPT’s contribution to knowledge acquisition and ef-
fectiveness in learning.

7 CONCLUSION

This study introduces DataliVR, an immersive and interactive VR appli-
cation developed to enhance data literacy, enriched by the integration of a
ChatGPT-powered Al Chatbot. DataliVR offers participants a comprehen-
sive data literacy learning experience, covering aspects of data collection,
cleaning, analysis, and visualization. Our extensive evaluations of DataliVR
reveal its high effectiveness and user-friendliness across various dimensions
of user experience and learning outcomes. Moreover, our findings reveal the
positive impact of the chatbot on users’ learning experiences, underscoring
its considerable potential for enhancing educational VR applications. How-
ever, the chatbot did not yield a significantly positive effect on learning out-
comes, necessitating further investigation into their underlying relationships
before drawing definitive conclusions. This underscores the importance of
researchers exploring the integration of ChatGPT in supporting VR learn-
ing to delve deeper into its potential implications. In summary, our study
not only contributes a valuable tool for advancing data literacy education
and driving the digital transformation of this field but also offers important
insights for the future development of ChatGPT-enhanced educational VR
applications and beyond.
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