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Correlation v

Pearson's Correlations

Variable Factor1 Factor2 Factor3 Factor4 Factorb Factor Factor? Factor8
1. Factor1 Pearson's r —
p-value —
2. Factor2 Pearson's r 0.138 —
p-value 0.339 —
3. Factor3 Pearson's r 0621 0.279 —
p-value < 001 0.050 —
4. Factor4 Pearson's r 0.408™ 0.5601™* 0.5620™* —
p-value 0.003 < 001 < .001 —
5. Factorb Pearson's r -0.261 0.217 -0.117 0.238 —
p-value 0.067 0.130 0.417 0.096 —
6. Factorg Pearson's r 0.270 0.215 0.580™" 0.294% 0.093 —
p-value 0.057 0.135 <.001 0.038 0.522 —
T. Factor? Pearson's r 0.488% 0.216 0.533™* 0.476%* -0.044 0.391% —
p-value < 001 0.132 <.001 <.001 0.763 0.005 —
8. Factor8 Pearson's r 0.591* 0.319% 0.653™* 0.441* —-0.146 0.517%* 0.427*= —
p-value < 001 0.024 <001 0.001 0.313 < 001 0.002 —

“p< .05 " p=<.01 " p=<.001
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Linear Regression

Model Summary - Factor4

Model R R? Adjusted R? RMSE R2 Change F Change dft df2 p
Ho 0.000 0.000 0.000 0739 0.000 0 49
H, 0.501 0.251 0236 0646 0251 16.096 1 48 < 001
ANOVA
Model Sum of Squares df Mean Square F [
Hy Regression 6.720 1 6720 16.096 <.001
Residual 20.041 48 0.418
Total 26.761 49
Note. The intercept model is omitted, as no meaningful information can be shown.
Coefficients
95% Cl Collinearity Statistics
Model Unstandardized Standard Error Standardized t p Lower Upper Tolerance VIF
Ho (Intercept) 3.105 0.105 29.709 < 001 2895 3315
H, (Intercept) 0884 0.561 1.576 0122 -0.244 2012
Factor2 0.704 0175 0.501 4.012 <.001 0.351 1.056 1.000 1.000
Descriptives
N Mean SD SE
Factor4 50 3.105 0.739 0.105
Factor2 50 3.157 0526 0.074

nTM70 NIy 9'w 2y 05N1n Ynann ¥ ayowan 'an :nnxat? a'onan .4 ahav

Linear Regression v

Model Summary - Factor8

Model R R2 Adjusted R? RMSE R? Change F Change dft df2 p
Ho 0.000 0.000 0.000 0892 0.000 o] 49
H, 0.319 0.102 0.083 0.854 0.102 5453 1 48 0.024
ANOVA
Model Sum of Squares df Mean Square F p
H, Regression 3973 1 3973 5453 0024
Residual 34972 48 0729
Total 38945 49
Note. The intercept model is omitted, as no meaningful information can be shown
Coefficients
95% CI Collinearity Statistics
Model Unstandardized Standard Error Standardized t [ Lower Upper Tolerance VIF
Ho (Intercept) 3190 0126 25302 <001 2937 3443
H, (Intercept) 1482 0741 2.000 0.051 -0.008 2973
Factor2 0541 0232 0319 2335 0.024 0075 1.007 1.000 1.000
Descriptives
N Mean sD SE
Factor8 50 3.190 0.892 0.126
Factor2 50 3.157 0.526 0.074
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Linear Regression

Model Summary - Factor1

Model R R? Adjusted R? RMSE
Ho 0.000 0.000 0.000 0.837
Hi 0.731 0.535 0.457 0.616
ANOVA
Model Sum of Squares df Mean Square F p
H, Regression 18.339 7 2620 6.894 < 001
Residual 15.960 42 0.380
Total 34.299 49
Note. The intercept model is omitted, as no meaningful information can be shown
Coefficients
95% Cl
Model Unstandardized Standard Error  Standardized t p Lower Upper
Ho (Intercept) 2.971 0.118 25110 <001 2733 3.209
H,y (Intercept) 1.243 0.654 1.902 0.064 -0.076 2.562
Factor2 -0.155 0.198 -0.098 -0.784 0437 -0.554 0.244
Factor3 0.413 0.194 0.357 2125 0.039 0.021 0.804
Factord 0.152 0.171 0.134 0.889 0.379 -0.193 0.497
Factor -0.145 0.110 -0.159 -1320 0.194 -0.366 0.077
Factor6 -0.193 0.152 0177 -1.272 0.210 -0.499 0.113
Factor? 0.157 0.114 0.180 1372 0177 -0.074 0.388
Factor8 0.301 0.141 0.321 2.139 0.038 0.017 0.585
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Gamified Chatbot
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Abstract

The embrace of new technology in education is changing the pedagogy landscape with chatbot and
game-based learning (GBL) as new tools that enhance learner motivation and engagement. This
research studies the introduction of an educational chatbot 'Fundamentals of Information Systems' course
at Ben-Gurion University of the Negev. The Telegram chatbot combines gamification features (such as
level progression), anonymous log files and user surveys for feedback. Using the K-means algorithm,
users are clustered according to their chatbot activity for trend and behavioral analysis, aiming to better

understand how the chatbot supports academic performance and engagement.

Keywords: Gamification, Education, Game-Based Learning, Student Engagement, K-means

Introduction

Gamification refers to the incorporation of game-like elements in hon-game contexts to
enhance user experience and motivation (Deterding et al., 2011). Since it has the
capability of enriching learning experiences, gamification is viewed by instructors and
researchers as a new edge technigue for modern teaching practices (Benner et al., 2024).
Game-based learning (GBL) utilizes the game paradigm in the educational environment
to transform and enrich learning and teaching (Prensky, 2001). Studies have shown that
GBL is effective across all age groups, from elementary school to university students
(Liu, Shaikh, & Gazizova, 2020). One of the effective ways of gamified learning is a micro-
learning technique that offers short, focused learning tasks designed for speedy,
interactive activities. Micro-learning promotes interactivity and self-guided progress,
making it ideally placed for digital media, particularly mobile devices (Hug, 2005; Diaz
Redondo et al., 2020). As technology has advanced, educational chatbots have become
popular tools for delivering gamified content, offering interactive learning experiences

through real-time feedback, personalized support, and automated assessments (Zhang,



Zou, & Cheng, 2023). These chatbots can increase student motivation, facilitate learning,
and provide continuous support without time or location constraints (Hidayatulloh et al.,
2023). These technological advances open new possibilities for understanding how
students engage with digital learning tools. Recent studies highlight the importance of
identifying distinct behavioral patterns among learners, which can inform the design of
more personalized, adaptive learning experiences (Mohd Talib et al., 2023).

This study examines the impact of an educational chatbot, which incorporates
gamification to enhance student performance and participation. Through multiple-choice
quizzes, instant feedback, and level progression, the chatbot creates a structured
environment to assess how gamification influences learning behavior and academic
performance. By analyzing usage patterns, the study aims to cluster students based on
learning characteristics, providing insights into different engagement styles and their

educational impact.

Method

This study is designed as an observational, static field study, focusing on data collected
naturally from student interactions with a Telegram-based chatbot. The chatbot, developed as a
teaching tool, has been in use for several years to facilitate multiple-choice question practice,
incorporating gamification features to enhance engagement. The static nature of this study
emphasizes real-world usage, providing insights into how educational tools function in a natural

learning environment.

Participants

The study focuses on first-year Industrial Engineering and Management students at Ben-Gurion
University, using a chatbot in the mandatory 'Foundations of Information Systems' course. This
setting provides an opportunity to analyze student engagement, motivation, and learning
outcomes, aiming to cluster students based on distinct learning behaviors.

The data was collected between June 21 and October 29, 2024, and after removing entries

associated with course staff, the dataset included interactions from 206 students.

Chatbot Development

The chatbot was created using the PHP programming language and Telegram platform’s API,
enabling seamless interaction with students through a widely accessible and user-friendly
messaging application. Telegram's popularity among students, combined with its minimal setup

requirements and cross-platform compatibility, makes it an ideal choice for delivering



educational content. The chatbot presents multiple-choice questions in Hebrew, drawn from a

predefined database, allowing students to engage in practice sessions tailored to course.

Figure 1 presents a collection of screenshots showcasing the chatbot interface, including

guestion presentation, real-time feedback, and level progression. These images illustrate how

students interact with the system during their learning sessions.

< @ ISquestions

This question is for research purposes - you're
welcome to skip it if you'd prefer.

We'd appreciate it if you could tell us how you
identify:

1. Female student
2. Male student
3. Other

What is the
answer?

Thank you for the honest answer — it will
help the research being conducted on the
bot

Which of the following is part of the
development stages according to the
“Waterfall" model?

1.Design
2.Testing
3.Purchasing
4.Analysis

&

' ) ISquestions

flevel

=

The current level is: 1 and the score
within the stage is: 0

Level 1 - All questions are random and
easy

Level 2 - All questions are random and of
medium difficulty

Level 3 - New questions, medium difficulty

Level 4 - New questions, high difficulty

/stat

The number of questions you've been exposed to
sofaris:1

Success rate so far: 0%

Telegram user number: 18776619655
Start the bot

Shows how many guestions you've done
so far

Deleting all statistics

Information about the different stages

(D ISquestions

@ ‘ Jstart

L

An ERP-type organizational information system is
best defined as

1.A management information system

2. A decision support information system

3.A system for the management of organizational
resources that integrates most of the
organization's information needs under "one
roof"

4.An operational information system

What is the answer?

Well done - you've advanced to
level 2 y

Correct answer
The percentage of correct answers for
this question is: 80.8% .

-

el &,

Figure 1: The chatbot interface in Telegram (translated from Hebrew to English)

Gamification Features

The chatbot integrates multiple gamification elements designed to foster engagement and

support self-regulated learning. These features include:

=
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-

e Level Progression System: Users advance through defined stages based on the number

of questions answered, encouraging a sense of progress and mastery. Each level

includes questions with increasing cognitive complexity.

o Performance Feedback: After each response, users receive instant feedback about the

correctness of their answer, often accompanied by positive reinforcement messages



(e.g., “Well done — you've advanced to level 2), which promote motivation and sustained

use.

e Success Meter: A real-time progress bar or statistic (e.g., “80.8% :n> Tv nn7x¥in 1INX")

provides users with ongoing feedback on their performance, supporting reflection and

self-assessment.

e Question Skipping and Choice: Users can choose to skip questions or select preferred

guestion types, offering autonomy that aligns with game-based learning principles.

These elements are embedded within a familiar and accessible interface (Telegram), and their
presence is illustrated in Figure 1. Together, they aim to transform repetitive question practice
into a dynamic, personalized experience that mirrors the core principles of game-based

learning.
Data Analysis

The data generated through the chatbot interactions is stored in a MySQL database, enabling
efficient and in-depth analysis of user activity. By engaging in MySQL’s advanced querying
capabilities, educators can extract valuable insights into student engagement and participation
patterns.

Within this database, the data is systematically organized into multiple tables, each dedicated to
a specific aspect of the chatbot's functionality, such as user profiles, actions, and log records.
This well-structured organization facilitates seamless analysis by enabling the identification of

behavioral trends and performance metrics.

During the data analysis process, we worked with a log file that recorded all interactions
between users and the app during the study period (June 21 — October 29, 2024). The first step
involved data cleaning to ensure the quality and accuracy of the information. While the data was
kept anonymous, each user was automatically assigned a unigue identifier (User ID), allowing
us to track interactions over time without revealing personal details. For the analysis, we
excluded log entries generated by course staff users. These entries were identified based on
predefined usernames, ensuring a clear distinction between regular user data and course staff

activity.

Table 1 presents a sample from the 'Log' table, which records user interactions with the chatbot.
This dataset includes timestamps, unique user IDs, action types representing different chatbot

interactions, and additional values that provide context for each action.



Table 1: Log data example

1 timestamp [l userid B action_type B additional_value B
2 2024-06-21 16:35:55 855283053 2 318

3 2024-06-21 16:36:18 855283053 2 343

4  2024-06-21 16:36:31 855283053 1 533
5 2024-06-21 16:36:48 855283053 2 71

6 2024-06-21 16:37:16 855283053 1 511

7 2024-06-21 16:37:30 855283053 1 26
8 2024-06-21 16:37.49 855283053 1 82
9 2024-06-21 23:14:07 1594746509 2 478
10 | 2024-06-21 23:14:15 1594746509 2 478
11 2024-06-21 23:14:59 1594746509 2 478
12 | 2024-06-21 23:15:01 1594746509 10 3
13 2024-06-21 23:15:31 1594746509 2 405
14  2024-06-21 23:15:42 1594746509 1 383
15 | 2024-06-21 23:15:53 1594746509 1 319
16 2024-06-21 23:16:01 1594746509 1 319
17 | 2024-06-21 23:16:13 1594746509 1 319

User Interaction & Clustering Analysis

To analyze user engagement, chatbot interactions were examined across different hours of the
day, along with user tenure (time between first and last recorded use) and the number of unique

days accessed. Retention rates were calculated to assess ongoing user engagement.

To categorize user behavior, K-means clustering was applied using 13 normalized features
extracted from the log data. The optimal number of clusters was determined by testing K-values
(2-10) and identifying the "elbow point" in the within-cluster sum of squares graph and
silhouette score. Once selected, PCA was used to reduce dimensionality for visualization, and

behavioral trends and performance metrics. Figure 3 presents a PCA-based scatter plot

visualization of the clustered users.
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Figure 3: PCA visualization

The PCA scatter plot provides a two-dimensional representation of the clustered users, offering
insights into their distribution and separation. Each point represents an individual user, projected

onto two principal components that capture the most significant variance in the dataset.

The visualization indicates that the clustering algorithm successfully differentiates distinct user
groups. Some clusters exhibit clear separation, suggesting well-defined behavioral differences,
while others show moderate overlap, indicating potential similarities in certain engagement
patterns. Notably, one cluster appears more dispersed, implying greater variability among its

members, whereas another is more compact, suggesting a more homogeneous group.

While PCA helps in visualizing the high-dimensional clustering structure, it is important to note
that some nuances may not be fully captured in this reduced space. A more detailed
interpretation of the clusters, including their defining characteristics, is presented in Table 2,
which provides the mean and standard deviation of key behavioral metrics for each cluster. This
table offers deeper insight into the specific user behaviors that differentiate the clusters, allowing

for a more comprehensive understanding of their unique patterns.



Table 2: Descriptive Statistics of User Features by Cluster

Feature Strategic Learners Routine Learners Reactive Learners Sporadic Learners
Users, n (%) 32 (15.5%) 45 (21.8%) 79 (38.3%) 50 (24.3%)
Total Interactions, mean (SD) 2119.94 (897.52) 957.38 (332.57) 539.30 (284.80) 142.08 (167.22)
Success Rate, mean (SD) 0.69 (0.10) 0.70 (0.08) 0.59 (0.08) 0.51(0.27)
Skipped Questions, mean (SD) 67.31 (107.53) 15.60 (23.37) 11.27 (15.06) 5.50(13.23)
Avg Response Time, mean (SD) 27.00 (7.55) 33.29(8.71) 45.68 (18.16) 34.01 (26.42)
Tenure, mean (SD) 45.88 (21.01) 11.29 (8.88) 35.01 (14.93) 2.62 (3.68)
Unique Days, mean (SD) 13.81 (6.30) 6.02 (2.25) 8.76 (4.28) 2.52 (1.80)
Avg Questions Per Day, mean (SD) 149.62 (66.37) 150.40 (55.94) 55.24 (26.01) 32.30 (31.94)
Active Days Ratio, mean (SD) 0.34 (0.15) 0.94 (0.66) 0.29 (0.19) 1.12 (0.59)
Level Ups, mean (SD) 37.12 (26.48) 16.80 (8.11) 15.52 (8.99) 4.34 (4.78)
Avg Questions Last Week Before Exam, mean (SD) 241.64 (150.63) 104.04 (85.08) 49.30 (33.17) 17.80 (23.64)

Table 2 provides a summary of the mean and standard deviation of key features across

clusters. To better interpret these results, we assigned a descriptive name to each cluster based

on distinct behavioral characteristics observed in the data.

o Strategic Learners are highly engaged users who interact with the chatbot over extended

periods (high tenure), focus their activity around exam dates, and demonstrate strong

performance. They answer significantly more questions on average, have high success

rates, and frequently advance in levels, suggesting intentional, goal-driven use of the

system.

e Routine Learners maintain steady engagement throughout the learning period. They

exhibit the highest ratio of active days, consistent daily interaction, and the best overall

success rate. Their behavior reflects disciplined study habits and regular system use

over time.

o Reactive Learners exhibit moderate overall engagement, with a noticeable concentration

of activity during shorter periods. Although their total interactions and unique active days

are relatively low, they display a spike in question answering in the week before the

exam, suggesting a pattern of intensified, deadline-driven usage. Their success rate and

level-up frequency indicate that when they do engage, they can perform well.

e Sporadic Learners show minimal and fragmented engagement. They interact with the

chatbot over a very short tenure, rarely progress in levels, and have the lowest success

rate. Although their average number of questions per active day can be relatively high,

their usage pattern suggests inconsistent or exploratory interaction rather than sustained

learning.




Together, these profiles highlight a wide spectrum of engagement strategies. Understanding

these patterns can inform the development of tailored interventions—supporting sporadic or

reactive learners through timely prompts, while offering strategic challenges to maintain the

motivation of more engaged students. The boxplots that follow further illustrate the variability

within each group beyond the summary above.
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Figure 4: Boxplots of feature values for the different clusters



Discussion and Future Directions

The clustering analysis revealed distinct patterns of student engagement with the chatbot,
highlighting differences in participation, response behavior, and level progression. These
insights provide a solid foundation for improving the chatbot’s ability to support different learning

styles and engagement levels.

Understanding these engagement profiles can support instructors in designing tailored
interventions. For example, sporadic learners could be nudged through real-time adaptive
prompts, while strategic learners might benefit from advanced-level challenges to sustain

motivation.

A key next step is developing a recommendation model based on these clusters. By analyzing
user behavior in real-time, the model could predict which cluster a student belongs to and
provide targeted interventions. For example, students in lower-engagement clusters could

receive personalized prompts, encouragement, or incentives to increase their participation.

Future work could also explore refining the clustering process using more advanced techniques,
such as dynamic clustering. Additionally, tracking student behavior over time could help
evaluate the long-term effectiveness of personalized recommendations in improving student
engagement and learning outcomes. These steps will contribute to a more adaptive and

effective learning experience.
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Permanganate titration (group 2) & Noach Treitel

(Methods ) ( Preparations ) S—— 5 (" Starting materiais )
w (Methods ") ((Preparations ) s results (& carlls )
rote ¢TI
aa Observe CO; formation Z N o
Qualitative g
analysis of ¥
“ 4]
Observe the reaction while it is stirring.
Current answer=ac (Teacher only message)
v 8
* } What happens when calcium hydraxide and carbon dioxide react?
N fons:
= — = Choose one or I
solution =" e Afaam layer will be formed.

A purple color will appear.

Awhite precipitation will be formed.

l l Gas bubbles will appear.
v

 Feedback X

u:ﬂ’!b;!mm ::1'7.5.': You might notice gas bubbles, but these are from the reaction happening in the other erlenmeyer.
oxalate. 1n the reaction CaOH g, + COz; — CaCOs, + H20yno gas is being formed
solution standard
Y solwen
mm Eit question §c: 650 £
} Add note
|
Write down the experimental abservatian.
| Add note
v Newproperty +
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GenAl in STEM Education: Instructor Perception and Pedagogical Implications
Abstract

This study examines the integration of generative Al (GenAl) tools in STEM education, focusing on
instructor perceptions and pedagogical implications. The cross-sectional survey at the Technion gathered
insights from instructors and teaching assistants regarding (N=242) their usage of GenAl tools in teaching
and their concerns about its impact on student learning and 21st-century skill development. Findings reveal
that most instructors do not use GenAl tools regularly. Those who do strongly prefer text-based applications
such as ChatGPT, Google Gemini, and Microsoft Copilot. Respondents expressed concerns that
uninformed or biased use of these technologies could impair critical thinking and independent learning.
Finally, instructors reported thet while GenAl tools may help students save time, they are less helpful in
promoting their learning. The results underscore the need for targeted professional development, clear
usage guidelines, and curriculum adjustments to harness the potential of GenAl for effective use in teaching
and learning.

Keywords: GenAl, Skill development, Instructor perceptions

Introduction

The rapid integration of artificial intelligence (Al) into STEM disciplines has transformed research
methodologies and pedagogical practices and intensified existing disparities in digital and Al
literacy across higher education. Recent studies indicate that while Al tools promise significant
advancements in teaching and research, they also expose critical gaps in educators’
preparedness and institutional support systems (Sperling et al., 2024, Stolpe & Hallstrém, 2024).
Notably, the World Economic Forum’s “Future of Jobs 2025” report identifies technological
literacy—including proficiency in Al—as one of the top ten essential skills for the near future,
reflecting an urgent call for educational reform (World Economic Forum, 2025). Furthermore, the
report shows that 77% of businesses are reskilling and upskilling existing workforce to better work
alongside Al, 69% are hiring new people with skills to design Al tools, and 62% are hiring new
people with skills to better work alongside Al.

Amid this rapidly evolving landscape, higher education practitioners are uniquely positioned at
the intersection of innovation and tradition. They face the dual challenge of adapting curriculum
to incorporate Al applications while ensuring that ethical, critical, and technical competencies are
not compromised. For instance, a recent OECD-Education International survey revealed that a
significant proportion of STEM educators feel underprepared to handle Al-driven issues such as
academic dishonesty and the misinterpretation of Al-generated data (OECD-Education
International, 2023). Moreover, early-career faculty, despite their familiarity with digital tools,
report dedicating extensive hours to self-training, yet a minority feel confident in evaluating
student work involving Al methodologies (Bian et al., 2024).

As GenAl causes a disruption in both the workforce and in higher education, we seek to better

understand the impact of this revolution from the instructors’ perspective. While a recent



framework examined pre-service teachers' attitudes toward Al integration using models such as
Unified Theory of Acceptance and Use of Technology (UTAUT) and Technology, Pedagogy, and
Content Knowledge (TPACK), highlighting the need for future educators to align technical
proficiency with sound pedagogical practices (Zakaria & Hashim, 2024), our study broadens this
perspective by focusing on current higher education practitioners. This expanded lens is crucial,
as it reflects the immediate challenges of integrating Al tools into existing curricula while also
tracing the evolving nature of Al literacy among those actively engaged in teaching and research.
In light of these challenges, we surveyed higher education instructors at a research-intensive
STEM university. The survey aims to capture firsthand insights into the implementation of
generative Al tools in teaching, along with pressing concerns regarding Al literacy and its impact
on student learning and 21st-century skill development.
Our research questions are:

RQ1) How do STEM teaching staff implement GenAl tools in their teaching

RQ2) What are their main concerns regarding students' learning and 21st-century skill

development

RQ3) To what degree do instructors think the use of GenAl tools helps students in their

learning and 21st century skills development?
Method
Research Design and procedure
We used a cross-sectional survey design to evaluate the perceptions of teaching staff members
in higher STEM education regarding the use of GenAl tools in their teaching and in students’
learning and skill development. The survey was emailed to the teaching staff at the Technion,
Israel Institute of Technology on February 19, 2025. See appendix A for the full survey.
Participants
242 instructors opened the survey, however, not all answered all items. Out of the 242, 78 were
instructors, 57 were teaching assistants, 21 were project advisors, and 20 were lab instructors.
Results
RQ1: Teaching staff use of Al tools for teaching
35 instructors (out of 196; 18.87%) reported using Al in their teaching. Table 1 presents the
types of uses that are greater than once a week.

Table 1

Reported Educational use of GenAl tools



course syllabi)

Type of use N % of
responses
Al generated preparation of instructional material (ppts, 12 34%
assignments, etc.)
Al generated Feedback of instructional material (ppts, 7 20%
assignments, etc.)
Al supported administration (drafting emails, writing 13 37%

Figure 1 shows a heatmap of the tools used (tool selection was not mutually exclusive so that
each instructor could indicate all the tools they used). As seen in the Figure, ChatGPT dominates
as the most used Al tool among the participants (67%), followed by Google Gemini (33%) and
Microsoft Copilot (30%). These results could indicate that general-purpose, text-based Al chat
interfaces are a go-to resource for teaching support. Perplexity Al (22%), GitHub (19%), and
Claude (19%) have moderate usage, which are specialized in narrower tasks (e.g. web searching
or coding). Scispace (7%), Jasper (4%), and Midjourney (4%) are not related to teaching or
learning, which explains their position as the lowest ranked Al tools. Overall, this pattern suggests

a strong preference for versatile, text-focused Al tools, with specialized or newer tools seeing

more limited adoption among teaching staff.

Figure 1.

A heatmap of GenAl tools reported used in teaching by survey participants (n=21)
GenAl tool Couent Percentage
ChatGPT 18 67%
Google Gemini 9 33%
Microsoft Copilot 8 30%
Perplexity Al 6 22%

Other 6 22%
Github 5 19%
Claude 5 19%
Gamma 3 11%




Scispace 2 7%
Jasper 1 4%

Midjourney 1 4%

RQ2: What are the main concerns of teaching staff regarding students' learning and 21st-
century skill development

As seen in Table 2, the top concerns relates to students’ learning and skills - their ability to think
critically (35%), apply effort in their learning (40%) and work independently (39%).Additionally,
instructors are concerned about biases resulting from using GenAl in learning (35%), and from
issues relating to academic dishonesty such as plagiarism (31%). Surprisingly, issues such as

information security and data privacy are not concerning as only 6.6% marked them as

concerning.
Table 2
Instructors' concerns regarding student use of GenAl tools in their teaching
% out of
survey
Concern N responders
Uninformed use, coming from a lack of disciplinary
knowledge, leading to biases 84 34.71%
uninformed use, coming from a lack of disciplinary
knowledge, leading to non-optimized outcomes 57 23.55%

Ethical considerations (e.g., plagiarism, cheating) 74 30.58%

Information security and data privacy 16 6.61%

Impacting students' ability to think critically 85 35.12%

Impacting students' ability to apply effort in their
learning 99 40.91%




Impacting students' ability to study and conduct

research independently 82 33.88%

RQ3) To what degree do instructors think the use of GenAl tools helps students in their
learning and 21st century skills development?

As seen in Table 3, and the low means on most items, instructors do not think GenAl contributes
to students’ learning. The one aspect in which instructors think GenAl can help students reduce

their workload.

Table 3
Descriptive statistics of instructors' perceived contribution of GenAl tools to student learning

“In my opinion, the use students make of GenAl in the course...”|Mean|SD [N
Reduces their workload 3.34 [1.18(113
Allows a positive learning experience 2.96 [1.16[112
Helps to focus learning in the course 2.37 (1.14{108
Helps understand the course's material 2.89 [1.26]115
Encourages continuous learning throughout the semester 2.06 (1.07(89

Discussions

In this study, we focused on STEM instructors use of GenAl tools in teaching and their views of
students’ use of GenAl. We found that surprisingly, most instructors do not use GenAl tools for
their teaching. Among those who do use GenAl, most rely on a combination of text-based tools
(ChatGPT, Gemini, and Copilot), with almost no instructors employing tools designed for
visualization purposes (RQ1). These results may stem from the extensive publicity and media
coverage surrounding these specific tools and the licencing agreements of the institution
(Technion staff as Copilot licences). Results further reveal that instructors are mainly concerned
about students’ uninformed use of GenAl tool which can lead to bias outcomes and may hinder
the development of skills such as critical thinking or independent learning (RQ2). Surprisingly,
most instructors are not concerned with issues relating to data privacy and information security
(RQ2). Finally, we found that, on average, instructors do not think the use of GenAl can effectively
support students' learning. One notable aspect is that instructors acknowledge the potential of

GenAl tools to reduce students’ workload (RQ3).



Implications for practice

Based on our findings, it appears that, at this stage, GenAl is viewed as detached from student
learning — primarily hindering skill development due to misuse, even though it may offer some
time-saving benefits. Further, most instructors do not see the potential contribution of GenAl tools
to their own teaching. These findings, combined with the concerns regarding students’ learning
and skill development, have several implications for teaching. First, it may be beneficial for
institutions to promote the use of GenAl tools for teaching by workshops or targeted
demonstrations of capabilities related to teaching. Second, as academic (dis)honesty is a
concern, it can also be beneficial for each institution to set guidelines as to what counts as
plagiarism and what is considered a legitimate use of GenAl. Finally, as many instructors
expressed concerns regarding uninformed use of GenAl tools, in part due to insufficient domain
knowledge, it can be beneficial to dedicate specific learning modules in which students are given
a scaffolded opportunity to explore GenAl tools within STEM domains. Such experience can help
instructors and students alike to discover how to best make use of these powerful tools, apply
critical judgment and work with them independently. Further work would be beneficial in
identifying how to address these concerns and highlight the potential contribution of GenAl tools
for teaching as well as learning and skill development.
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Appendix A: Qualtrics Survey Questionnaire

Introduction

Hello,

The purpose of this survey is to examine interests in artificial intelligence tools at
Technion, their usage, and their implementation in learning, teaching, and assessment.
We would appreciate it if you could take a few minutes to complete this anonymous
survey.

Thank you very much,

The Center for the Promotion of Learning and Teaching.

Q1: Are you using an artificial intelligence tool in teaching (for example, as part of a
course activity where students are instructed to use an Al tool as part of learning)?
e Yes

¢« No

Teachers' Use
Q2: How frequently do you use artificial intelligence tools (such as ChatGPT, Claude,
etc.) for the following purposes:

Several | Several |Oncea |Every Almost Not
times a times a week few never applicable
day week months

Preparing
teaching
materials
(presentations,
homework
assignments,
etc.)

Providing
feedback on
materials
(presentations,
homework
assignments,
etc.)

Performing
administrative
tasks (writing
emails, course




announcements,
drafting a
syllabus, etc.)

Other

You may elaborate:

Q3: Which tools do you mainly use? (You may select more than one option)

Scispace
GitHub

Claude
ChatGPT
Google Gemini
Perplexity Al
Cursor
Gamma
Jasper
Midjourney
Microsoft Copilot
Other

Students’ Use
Q5: What challenges or concerns do you have regarding students' use of artificial
intelligence tools? (You may select more than one option)

Uninformed use stemming from a lack of disciplinary knowledge, leading to
biases

Uninformed use stemming from a lack of knowledge about the tool, resulting in
suboptimal outcomes

Ethical considerations (e.g., plagiarism, insufficient filtering)
Concerns about data security and privacy protection
Impact on students’ critical thinking skills

Impact on students’ willingness to invest effort in thinking




« Impact on students’ ability to learn and conduct independent research

e Other

Q6: In my opinion, the use of artificial intelligence tools by students contributes to their
learning in the following ways:

To a very
large
extent

To a
large
extent

To some
extent

To a
small
extent

To a very
small
extent

Not
applicable

Reduces the
course
workload

Provides a
positive
learning
experience
Helps to focus
the learning in
the course

Aids in
understanding
the study
material

Encourages
continuous
learning
throughout
the semester

Offers
availability
and
accessibility
for questions
(beyond what
is provided in
the course)

Other
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Abstract

We present a comprehensive evaluation of Large Language Models
(LLMs) on Computer Science (CS) Data Structure examination ques-
tions. Our work introduces a new benchmark dataset comprising exam
questions from Tel Aviv University (TAU), curated to assess LLMs’ abil-
ities in handling closed and multiple-choice question:

We evaluated the performance of OpenAIl’s ’GPT 40’ [I] and An-
thropic’s "Claude 3.5’ [2], popular LLMs, alongside two smaller LLMs,
Mathstral 7B [3] and LLaMA 3 8B [4], across the TAU exams bench-
mark. Our findings provide insight into the current capabilities of LLMs
in CS education.

1 Introduction

CS education, like many other academic fields, has been profoundly impacted by
students’ growing access to LLMs. Students increasingly rely on these models
to explain complex concepts, assist with homework assignments, debug code,
and more. However, their performance in theoretical CS questions and tasks
requires a thorough evaluation, due to the intricate logic and concepts of the
field.

This study aims to assess the performance of commonly used LLMs — "GPT
40’, ’Claude 3.5’, 'Mathstral 7B’ and "LLaMA 3 8B’ — on CS theory examina-
tion questions, specifically focusing on Data Structures, which is a fundamental
subject in the field. We address the following key research questions:

e How accurately can LLMs solve university-level CS multiple-choice and
closed-ended examination questions?

e How does performance vary across different topics?

*These authors contributed equally to this work.
1See code at https://github.com/naamamaozl/LLM-for-Education



e What is the impact of chain-of-thought (CoT) prompting strategy?

Our work introduces a novel benchmark dataset comprising of theory university-

level examination questions that we translated and categorized to ensure con-
sistent evaluation.

Our findings indicate that ’GPT-40’ and ’Claude 3.5’ achieve an overall
accuracy of 56.71% and 61.53% on multiple-choice questions and 46.67% and
49.33% on closed-ended questions, significantly outperforming random guessing.
However, the two smaller models achieve lower scores, with Mathstral achieving
21.95% and LLaMA achieving 27.851% on closed-ended questions. The mod-
els show particular strength in fundamental topics while struggling more with
abstract concepts. Surprisingly, CoT prompting did not significantly improve
performance.

2 Related Work

Recent studies have investigated the application of LLMs in educational con-
texts, yet their specific performance on theoretical CS questions remains under-
studied.

While LLMs have demonstrated impressive capabilities in general knowledge
and programming tasks [5], handling complex algorithmic concepts and theo-
retical CS questions presents unique challenges, requiring multi-step reasoning
and the application of theoretical knowledge to complex scenarios.

Other related benchmarks have examined the limitations of LLMs in different
domains, such as dealing with question phrasing with increased complexity [6],
socially significant tasks [7] and high-level multiple-choice questions in STEM
fields [g].

Our work differs from these existing benchmarks in two key aspects:

e Question Diversity and Complexity: While most existing benchmarks fo-
cus on practical coding challenges or mathematical problem-solving, our
benchmark specifically targets university-level theoretical questions, re-
quiring complex reasoning.

e Educational Context Authenticity: Unlike other benchmarks created for
other purposes, our benchmark consists of university examinations span-
ning multiple years, providing a more authentic assessment of LLMs’ ca-
pabilities in actual educational settings.

Our benchmark provides unique insights into LLMs’ performance on theo-
retical CS concepts in educational settings, complementing existing research on
their capabilities in other domains.



3 Methods

3.1 Dataset

Our dataset comprises questions taken from 2001-2018 exams given in the Data
Structure course at the School of Computer Science at Tel-Aviv university. It
includes four main questions’ categories (Table .

Question Type | Count (final) | Description

A 175 Open questions, where the students
formulate their own answers.

B 58 Closed questions requiring short
explanations, e.g., specifying an
O-notation complexity bound.

C 253 Multiple choice questions with short
explanations required.

D 66 Multiple choice questions without
explanations.

Table 1: Question types and counts in the final dataset of TAU exams in 2001—
2018

Translation. The questions and the correct final answers were translated from
Hebrew to latex-formatted English using GPT-4. Questions and answers were
translated separately and translations were followed by a brief manual valida-
tion.

Focus of current study. The current study focuses on the analysis of closed
and multiple-choice questions (type B , C and D questions).

3.2 Experimental Setting
3.2.1 Model

We evaluated the responses of Anthropic Claude 3.5 and OpenAl’s GPT-4o,
state-of-the-art LLMs, on the chosen questions from the TAU exam dataset.
Specifically, we used the models claude-3-5-sonnet-20240620, with the max to-
kens set to 1024 and the temperature set to 0.2 and gpt-40-2024-08-06.

Also, we evaluated the response of Mathstral and LLaMA 3, two popular
open-source models. These models are significantly smaller than GPT4 and
Claude-3.5-sonnet (while the parameter count for these models is not publicly
available, GPT-3 has 175B parameters [9], which is at least 20 times larger).
Mathstral is a model specialized in solving basic math questions [3]. LLaMA 3 is
a state-of-the-art open-source model from Meta specialized in reasoning [4]. For
the smaller models, the max token limit was set to 2048, and the temperature
to 0.7.



3.2.2 Evaluation Protocol

Each question was queried 5 times per model, with the following considerations:
Two prompt engineering approaches were tested:

e Raw questions without modifications
e Chain-of-Thought (CoT) prompting

We used a two-stage approach for each query. Initially, the model was pre-
sented with the question and instructed to solve it (see the first prompt; prompts
are provided in Appendix . Subsequently, we added an additional prompt to
the original query and the model’s response, requesting a final answer (e.g., an-
swer selected in multiple-choice). This sequential approach proved to be more
effective than a single-prompt strategy, as it enables the model to engage in
reasoning before reaching its conclusion.

3.2.3 Performance Metrics

We employed a tight accuracy metric: for a given question, the accuracy is 1 if
the correct answer is the top prediction, and 0 otherwise. We required an exact
match for multiple-choice questions (type C and D). However, exact matching
proved ineffective for type B questions. Alternative methods, such as verifying
whether the LLM’s response contained the correct answer or vice versa also
yielded poor results, as equivalent answers can appear in varied forms (e.g.,
”0O(n)” and "linear time” represent the same concept but differ in expression).
Consequently, we opted to manually evaluate 50% of the responses.

4 Results

4.1 TAU Dataset
4.1.1 Compiling the Full Dataset

The raw dataset contains 883 categorized and translated questions from 57
TAU Data Structures exams (2001-2018) . Since not all had solutions, the final
question-answer dataset included 552 questions (see Table . We randomly
selected 200 (types B/C/D) for testing, each evaluated 5 times with and without
Chain-of-Thought prompting. In Table [2] in Appendix [B] we provide details
about the break down of the questions to topics.

4.1.2 Success Rate for Random Guess

Figure[l] depicts the distribution of the number of answers in the multiple-choice
questions.
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Figure 1: A histogram of the number of possible answers for each multiple choice
question (C and D)

Assuming a uniform distribution, the average probability to guess the correct
answer in our dataset is:

1 1
il =0.28
Q| q;g <# possible answers for q> ’

where Q is the set of questions in the dataset.

4.2 Performance
4.2.1 Accuracy across Question Types

e Type B: Overall, GPT-40 achieved a 46.67% accuracy rate across all tested
prompts, while Claude 3.5 achieved a 49.33%.

Additionally, GPT-40 achieved a 43.33% accuracy rate across all tested
questions (a question was considered ’correctly answered’ if the model
provided the right answer in at least 3 out of 5 repetitions), compared to
Claude 3.5’s 46.67% (Figure . Our evaluation was performed manually
on 50% of the data (see Section[3.2.3).

For Mathstral and LLaMA 3, the success rate on type B questions was
too low to be meaningful, so we excluded them.



e Type C and D: Overall, GPT-40 achieved a 56.71% accuracy rate across

all tested prompts for multiple-choice questions, compared to Claude 3.5’s
61.53%.

For the smaller models, across all tested prompts for multiple-choice ques-
tions Mathstral achieved a 21.94% accuracy, while LLaMA achieved 31.01%.

On majority counting GPT-40 achieved a 57.94% accuracy rate, while
Claude 3.5 achieved a 63.53% accuracy rate (Figure .

These results indicate that both GPT-40 and Claude 3.5 outperform random
guessing, with Claude 3.5 exhibiting superior performance. However, Mathstral
and LLaMA’s accuracy is not significantly above the random guessing chance.

Comparison of Claude 3.5, GPT-40, LLaMA, and MathStral

63.53% ---- 28.4% Random Guess Baseline (For Types C&D)
61.53% Claude 3.5
60 1 57.94% = GPT-40
56.71% - LlaMA
Math5tral
50 4 49.33%
46.67% 46.67%
43.33%
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By Majority, By Average, By Majority, By Average,
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Figure 2: Accuracy by question type. Success was measured in two granulari-
ties: ?Majority” (in which success for a question requires correct answers in at
least 3 out of 5 repetitions per question) and ”Average” (calculated across all
repetitions independently). Type B success rates were calculated on the manual
evaluation of 50% of the tested questions, while Type C success rates were cal-
culated using an exact match on the final multiple-choice answer. Red dashed
line indicates the average probability to guess the correct answer in our dataset
for type C and D questions.



4.2.2 Accuracy across prompt-engineering techniques

We found that using a basic prompt and using chain-of-thought (CoT) prompt
engineering achieved comparable results for GPT-40 and Claude 3.5 (and the
smaller LLaMA). Figure [3| depicts the results for CoT; An interesting observa-
tion is that Claude 3.5 is more ”decisive” than GPT-40, meaning that the LLM
is either right or wrong across all repetitions of a question most of the time,
although these results may change with different temperature configurations.

Comparison of Correct Repetitions Using COT: GPT-4o vs Claude 3.5

. GPT-40 (Using COT)
H Claude 3.5 (Using COT)

Mumber of Questions

Number of Correct Reps Per Question

Figure 3: A histogram of the number of correct repetitions (out of 5), with CoT.

4.2.3 Accuracy across different question topics

In Appendix [C] we present an analysis of the success rates of GPT and Claude
across different question topics. We observe that the models perform better on
some topics while performing poorly on others.

5 Discussion

Accuracy by Question Type For all models, multiple-choice questions (Types
C, D) demonstrated higher accuracy rates than Type B questions, likely due to
their restricted answer space increasing probability of correct random guess.



Accuracy by Question Topics Both larger models performed best on
fundamental CS topics (arrays, linked lists, hash tables), possibly due to their
prevalence in training data and programming practice. Conversely, both models
exhibited lower performance on amortized analysis problems, potentially due to
the analytical mathematical reasoning required.

Prompt Engineering We assume that prompt engineering techniques have
already been embedded in both models ’behind the scenes’, and that this might
be the reason for the poor contribution of chain-of-thought to the overall accu-
racy.

Our findings show that while LLMs perform significantly above chance on
university-level data structures questions, their accuracy is still not sufficient for
reliable academic evaluation—though they are not far from reaching that point.
LLMs can be useful tools for learning and practicing, but their outputs should be
approached with caution. Students must critically validate the answers provided
by the model, as it is not yet fully dependable. We recommend the continued use
of open-ended questions in assessments, where LLMs tend to struggle more, in
order to better evaluate true student understanding. Furthermore, our findings
highlight the need for using evaluation methods, specifically through supervised
tests rather than homework assignments, where students cannot rely on LLMs,
in order to accurately assess their independent knowledge and skills.
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A  Prompt Examples

Formats of prompts for C and D question types (the prompts for type B ques-
tions are similar):

First Prompt for Type C and D questions Without Prompt Engineering

Here is a multiple-choice/true-false question from the Data Structures
course. Solve the question.
[ Question Inserted Here |

First Prompt for Type C and D questions with CoT

Here is a multiple-choice/true-false question from the Data Structures
course. Solve the question.

Solve it step by step.

[ Question Inserted Here |

Second Prompt for Type C and D Questions

[ Previous prompt and answer attached |
Write the final answer as a number, without additional text.

10



B Question Topics in the Dataset

Topic Label Topic Name Count
a Complexity analysis 127
b Amortized Analysis 24
¢ Recursive algorithms 10
d Arrays and linked lists 37
e Binary search trees 50
f Balanced BST (AVL, B) 47
g Hash tables 47
h Binary heaps 47
i Binomial heaps, Fibonacci heaps 38
j Quick-sort 11
k Lower bound comparison based sorting 39
1 Non-comparison based sorting 8
m Selection and med-of-meds algorithm 39
n Union-Find 20
o Suffix trees 7
p Other 47

Table 2: Summary of question topics in the final dataset (question types B,C,D).
Note that some questions were multi-topic.

11



C Success Rates by Topic

Table [3] presents the success rates of GPT and Claude by the question topic.
Top Performing Topics: Both models performed well on arrays and linked
lists (Topic d), complexity analysis (topic a), hash tables (topic g) and lower
bound for comparison-based sorting (topic k).

Low Performing Topics: The models exhibited weak performance on the
topic of selection (topic m) and amortized analysis (topic b).

Topic Q. GPT GPT Claude | Claude
Count | CoT | No-CoT CoT No-CoT

a 66 65% 63% 67% 63%

b 14 40% 39% 34% 34%

c 3 20% 13% 33% 26%

d 22 72% 65% 69% 80%

e 28 54% 52% 53% 59%

f 15 47% 47% 54% 58%

g 22 5% 58% 69% 70%

h 24 60% 62% 60% 65%

i 22 60% 56% 62% 57%

j 7 68% 53% 51% 57%

k 17 69% 51% 63% 60%

1 4 65% 0% 55% 50%
m 21 33% 49% 55% 46%
n 3 7% 100% 100% 100%
0 2 30% 40% 40% 50%

P 22 61% 59% 50% 53%

Table 3: Comparison of success rates by topic for CoT and No-CoT methods
(GPT-40 vs. Claude 3) for questions of types C and D.
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GenAl in STEM Education: Instructor Perception and Pedagogical Implications
Abstract

This study examines the integration of generative Al (GenAl) tools in STEM education, focusing on
instructor perceptions and pedagogical implications. The cross-sectional survey at the Technion gathered
insights from instructors and teaching assistants regarding (N=242) their usage of GenAl tools in teaching
and their concerns about its impact on student learning and 21st-century skill development. Findings reveal
that most instructors do not use GenAl tools regularly. Those who do strongly prefer text-based applications
such as ChatGPT, Google Gemini, and Microsoft Copilot. Respondents expressed concerns that
uninformed or biased use of these technologies could impair critical thinking and independent learning.
Finally, instructors reported thet while GenAl tools may help students save time, they are less helpful in
promoting their learning. The results underscore the need for targeted professional development, clear
usage guidelines, and curriculum adjustments to harness the potential of GenAl for effective use in teaching
and learning.

Keywords: GenAl, Skill development, Instructor perceptions

Introduction

The rapid integration of artificial intelligence (Al) into STEM disciplines has transformed research
methodologies and pedagogical practices and intensified existing disparities in digital and Al
literacy across higher education. Recent studies indicate that while Al tools promise significant
advancements in teaching and research, they also expose critical gaps in educators’
preparedness and institutional support systems (Sperling et al., 2024, Stolpe & Hallstrém, 2024).
Notably, the World Economic Forum’s “Future of Jobs 2025” report identifies technological
literacy—including proficiency in Al—as one of the top ten essential skills for the near future,
reflecting an urgent call for educational reform (World Economic Forum, 2025). Furthermore, the
report shows that 77% of businesses are reskilling and upskilling existing workforce to better work
alongside Al, 69% are hiring new people with skills to design Al tools, and 62% are hiring new
people with skills to better work alongside Al.

Amid this rapidly evolving landscape, higher education practitioners are uniquely positioned at
the intersection of innovation and tradition. They face the dual challenge of adapting curriculum
to incorporate Al applications while ensuring that ethical, critical, and technical competencies are
not compromised. For instance, a recent OECD-Education International survey revealed that a
significant proportion of STEM educators feel underprepared to handle Al-driven issues such as
academic dishonesty and the misinterpretation of Al-generated data (OECD-Education
International, 2023). Moreover, early-career faculty, despite their familiarity with digital tools,
report dedicating extensive hours to self-training, yet a minority feel confident in evaluating
student work involving Al methodologies (Bian et al., 2024).

As GenAl causes a disruption in both the workforce and in higher education, we seek to better

understand the impact of this revolution from the instructors’ perspective. While a recent



framework examined pre-service teachers' attitudes toward Al integration using models such as
Unified Theory of Acceptance and Use of Technology (UTAUT) and Technology, Pedagogy, and
Content Knowledge (TPACK), highlighting the need for future educators to align technical
proficiency with sound pedagogical practices (Zakaria & Hashim, 2024), our study broadens this
perspective by focusing on current higher education practitioners. This expanded lens is crucial,
as it reflects the immediate challenges of integrating Al tools into existing curricula while also
tracing the evolving nature of Al literacy among those actively engaged in teaching and research.
In light of these challenges, we surveyed higher education instructors at a research-intensive
STEM university. The survey aims to capture firsthand insights into the implementation of
generative Al tools in teaching, along with pressing concerns regarding Al literacy and its impact
on student learning and 21st-century skill development.
Our research questions are:

RQ1) How do STEM teaching staff implement GenAl tools in their teaching

RQ2) What are their main concerns regarding students' learning and 21st-century skill

development

RQ3) To what degree do instructors think the use of GenAl tools helps students in their

learning and 21st century skills development?
Method
Research Design and procedure
We used a cross-sectional survey design to evaluate the perceptions of teaching staff members
in higher STEM education regarding the use of GenAl tools in their teaching and in students’
learning and skill development. The survey was emailed to the teaching staff at the Technion,
Israel Institute of Technology on February 19, 2025. See appendix A for the full survey.
Participants
242 instructors opened the survey, however, not all answered all items. Out of the 242, 78 were
instructors, 57 were teaching assistants, 21 were project advisors, and 20 were lab instructors.
Results
RQ1: Teaching staff use of Al tools for teaching
35 instructors (out of 196; 18.87%) reported using Al in their teaching. Table 1 presents the
types of uses that are greater than once a week.

Table 1

Reported Educational use of GenAl tools



course syllabi)

Type of use N % of
responses
Al generated preparation of instructional material (ppts, 12 34%
assignments, etc.)
Al generated Feedback of instructional material (ppts, 7 20%
assignments, etc.)
Al supported administration (drafting emails, writing 13 37%

Figure 1 shows a heatmap of the tools used (tool selection was not mutually exclusive so that
each instructor could indicate all the tools they used). As seen in the Figure, ChatGPT dominates
as the most used Al tool among the participants (67%), followed by Google Gemini (33%) and
Microsoft Copilot (30%). These results could indicate that general-purpose, text-based Al chat
interfaces are a go-to resource for teaching support. Perplexity Al (22%), GitHub (19%), and
Claude (19%) have moderate usage, which are specialized in narrower tasks (e.g. web searching
or coding). Scispace (7%), Jasper (4%), and Midjourney (4%) are not related to teaching or
learning, which explains their position as the lowest ranked Al tools. Overall, this pattern suggests

a strong preference for versatile, text-focused Al tools, with specialized or newer tools seeing

more limited adoption among teaching staff.

Figure 1.
A heatmap of GenAl tools reported used in teaching by survey participants (n=21)
GenAl tool Couent Percentage
ChatGPT 18 67%

Google Gemini 9 33%

Microsoft Copilot 8 30%
Perplexity Al 6 22%
Other 6 22%
Github 5 19%
Claude 5 19%

Gamma 3 11%




Scispace 2 7%
Jasper 1 4%

Midjourney 1 4%

RQ2: What are the main concerns of teaching staff regarding students' learning and 21st-
century skill development

As seen in Table 2, the top concerns relates to students’ learning and skills - their ability to think
critically (35%), apply effort in their learning (40%) and work independently (39%).Additionally,
instructors are concerned about biases resulting from using GenAl in learning (35%), and from
issues relating to academic dishonesty such as plagiarism (31%). Surprisingly, issues such as

information security and data privacy are not concerning as only 6.6% marked them as

concerning.
Table 2
Instructors' concerns regarding student use of GenAl tools in their teaching
% out of
survey
Concern N responders
Uninformed use, coming from a lack of disciplinary
knowledge, leading to biases 84 34.71%
uninformed use, coming from a lack of disciplinary
knowledge, leading to non-optimized outcomes 57 23.55%

Ethical considerations (e.g., plagiarism, cheating) 74 30.58%

Information security and data privacy 16 6.61%

Impacting students' ability to think critically 85 35.12%

Impacting students' ability to apply effort in their
learning 99 40.91%




Impacting students' ability to study and conduct

research independently 82 33.88%

RQ3) To what degree do instructors think the use of GenAl tools helps students in their
learning and 21st century skills development?

As seen in Table 3, and the low means on most items, instructors do not think GenAl contributes
to students’ learning. The one aspect in which instructors think GenAl can help students reduce

their workload.

Table 3
Descriptive statistics of instructors' perceived contribution of GenAl tools to student learning

“In my opinion, the use students make of GenAl in the course...”|Mean|SD [N
Reduces their workload 3.34 [1.18(113
Allows a positive learning experience 2.96 [1.16[112
Helps to focus learning in the course 2.37 (1.14{108
Helps understand the course's material 2.89 [1.26]115
Encourages continuous learning throughout the semester 2.06 (1.07(89

Discussions

In this study, we focused on STEM instructors use of GenAl tools in teaching and their views of
students’ use of GenAl. We found that surprisingly, most instructors do not use GenAl tools for
their teaching. Among those who do use GenAl, most rely on a combination of text-based tools
(ChatGPT, Gemini, and Copilot), with almost no instructors employing tools designed for
visualization purposes (RQ1). These results may stem from the extensive publicity and media
coverage surrounding these specific tools and the licencing agreements of the institution
(Technion staff as Copilot licences). Results further reveal that instructors are mainly concerned
about students’ uninformed use of GenAl tool which can lead to bias outcomes and may hinder
the development of skills such as critical thinking or independent learning (RQ2). Surprisingly,
most instructors are not concerned with issues relating to data privacy and information security
(RQ2). Finally, we found that, on average, instructors do not think the use of GenAl can effectively
support students' learning. One notable aspect is that instructors acknowledge the potential of

GenAl tools to reduce students’ workload (RQ3).



Implications for practice

Based on our findings, it appears that, at this stage, GenAl is viewed as detached from student
learning — primarily hindering skill development due to misuse, even though it may offer some
time-saving benefits. Further, most instructors do not see the potential contribution of GenAl tools
to their own teaching. These findings, combined with the concerns regarding students’ learning
and skill development, have several implications for teaching. First, it may be beneficial for
institutions to promote the use of GenAl tools for teaching by workshops or targeted
demonstrations of capabilities related to teaching. Second, as academic (dis)honesty is a
concern, it can also be beneficial for each institution to set guidelines as to what counts as
plagiarism and what is considered a legitimate use of GenAl. Finally, as many instructors
expressed concerns regarding uninformed use of GenAl tools, in part due to insufficient domain
knowledge, it can be beneficial to dedicate specific learning modules in which students are given
a scaffolded opportunity to explore GenAl tools within STEM domains. Such experience can help
instructors and students alike to discover how to best make use of these powerful tools, apply
critical judgment and work with them independently. Further work would be beneficial in
identifying how to address these concerns and highlight the potential contribution of GenAl tools
for teaching as well as learning and skill development.
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Appendix A: Qualtrics Survey Questionnaire

Introduction

Hello,

The purpose of this survey is to examine interests in artificial intelligence tools at
Technion, their usage, and their implementation in learning, teaching, and assessment.
We would appreciate it if you could take a few minutes to complete this anonymous
survey.

Thank you very much,

The Center for the Promotion of Learning and Teaching.

Q1: Are you using an artificial intelligence tool in teaching (for example, as part of a
course activity where students are instructed to use an Al tool as part of learning)?
e Yes

¢« No

Teachers' Use
Q2: How frequently do you use artificial intelligence tools (such as ChatGPT, Claude,
etc.) for the following purposes:

Several | Several |Oncea |Every Almost Not
times a times a week few never applicable
day week months

Preparing
teaching
materials
(presentations,
homework
assignments,
etc.)

Providing
feedback on
materials
(presentations,
homework
assignments,
etc.)

Performing
administrative
tasks (writing
emails, course




announcements,
drafting a
syllabus, etc.)

Other

You may elaborate:

Q3: Which tools do you mainly use? (You may select more than one option)

Scispace
GitHub

Claude
ChatGPT
Google Gemini
Perplexity Al
Cursor
Gamma
Jasper
Midjourney
Microsoft Copilot
Other

Students’ Use
Q5: What challenges or concerns do you have regarding students' use of artificial
intelligence tools? (You may select more than one option)

Uninformed use stemming from a lack of disciplinary knowledge, leading to
biases

Uninformed use stemming from a lack of knowledge about the tool, resulting in
suboptimal outcomes

Ethical considerations (e.g., plagiarism, insufficient filtering)
Concerns about data security and privacy protection
Impact on students’ critical thinking skills

Impact on students’ willingness to invest effort in thinking




« Impact on students’ ability to learn and conduct independent research

e Other

Q6: In my opinion, the use of artificial intelligence tools by students contributes to their
learning in the following ways:

To a very
large
extent

To a
large
extent

To some
extent

To a
small
extent

To a very
small
extent

Not
applicable

Reduces the
course
workload

Provides a
positive
learning
experience
Helps to focus
the learning in
the course

Aids in
understanding
the study
material

Encourages
continuous
learning
throughout
the semester

Offers
availability
and
accessibility
for questions
(beyond what
is provided in
the course)

Other
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Gender Differences in Database Modeling:
The Advantage of Reading Comprehension

Abstract

While gender research studies indicate that women generally exhibit
stronger reading comprehension skills, other studies highlight a lower
representation of women in STEM fields. Since database modeling
requires advanced reading comprehension and at the same time is
an activity related to the STEM disciplines of information systems and
computer science, these contrasting findings sparked our interest.
This study examines student modeling errors across various error
categories, focusing on two primary questions: (1) Does mastering
the notations of one modeling type, the class diagram (CD), reduce
errors when transitioning to another modeling type, the entity-
relationship diagram (ERD)? (2) Does the reading comprehension
advantage among women become evident in the context of a STEM-
related task such as database modeling?

Keywords: data modeling, teaching-learning process, gender differences.

1 Introduction

Class diagrams (CDs) and entity-relationship diagrams (ERDs) are graphical notations used
to represent data models, often considered alternatives to one another (Elmasri & Navathe,
2011). Some researchers even regard CDs as a specific type of ERD (Aljumaily et al., 2019),
given that the structural constructs of CDs, which represents data structures, closely align
with extended ER representations (Bavota et al., 2015). ERDs and CDs can both be treated
as languages (Harel & Rumpe, 2000). Any language consists of syntax and semantics.
While syntax is a set of rules that guide users on how to combine words, characters, and
specific phrases, semantics is about the meaning (Tshukudu, 2022). Studies show that
semantic-level elements are transferable from one model language to another, and what
changes is the syntax of the unique notations of each visual language of the modeling
(Shneiderman & Mayer, 1979). Hence, teachers who apply a deliberate intervention of
semantic transfer during novices’ second language learning could improve students’
understanding of the second language (e.g Armoni et al., 2015; Jiang, 2002, 2004;
Tshukudu, 2022). Given the similarities between CDs and ERDs, one of our goals was to
examine whether novice modelers transfer knowledge from one diagram to the other. To
this end, we analyzed and compared student errors across both modeling types. Our study

aimed to explore whether mastering the notations of one modeling approach, CD, would
1



lead to a reduction in modeling errors when transitioning to another approach, the ERD.

Gender disparities in STEM fields have been widely reported, typically favoring men
(e.g., Lehman et al., 2017; Main & Schimpf, 2017; Smith & Lapan, 2021; Wagner, 2016).
However, contrasting research highlights that women generally outperform men in reading
comprehension tasks (e.g., Lafontaine & Monseur, 2009; Logan & Johnston, 2009; Torres
et al., 2006). These seemingly contradictory findings inspired our investigation. Given that
database conceptual modeling lies at the intersection of a STEM discipline (Information
Systems development) and strong reading comprehension skills, we sought to determine
whether the reading advantage repeatedly observed among women would be evident in this
STEM context. If female novice modelers demonstrate superior performance, it would
provide further evidence that the underrepresentation of women in STEM is driven by

perceptual barriers rather than actual ability. Our research hypotheses are as follows:

Hla: Novice database modelers will make fewer errors when modeling with the

second notation type they learn (ERD) compared to the first notation type (CD).

H1lb: Female novice modelers will make fewer modeling errors than their male

counterparts.

2 Study description

2.1 Experimental sample and procedure
The study involved 26 undergraduate students enrolled in the Information Systems track
within the Department of Industrial Engineering and Management at an engineering college.

The group comprising 14 female students and 12 male students.

The students were introduced to the CD model prior to studying the ERD model. After
they learned conceptual modeling, the students were given a modeling assignment in each
course, a CD assignment during the seventh week of the System Analysis and Design
course, and an ERD assignment during the twelfth week of the Databases course. In both

assignments, the modeling task involved translating a textual scenario into a diagram.

2.2 Experimental tasks

The course lecturers collaboratively designed two parallel scenarios, each corresponding

2



to a different modeling type and content domain. To ensure comparability, the scenarios
and their corresponding solutions were meticulously aligned. Although the scenarios
covered distinct subject matter, they were structurally identical in terms of key elements,
including the number of classes/entities, the quantity and types of relationships between
classes/entities, and the number of attributes. This alignment ensured the same level of
complexity and that any error type in one scenario had a corresponding, Synonymous error
type in the other. The lecturers accepted a variety of correct solutions, even when they

differed from the predefined model solutions.

3 Results

To examine differences in task performance (hypothesis a), we employed the generalized
estimating equations (GEE) procedure. This method enabled us to assess within-subject
differences in success rates between the ERD and CD tasks across various sets of
evaluated items (Hardin & Hilbe, 2013; Hilbe, 2017). For each analysis run, the dependent
variable was defined as the total number of errors aggregated within a specific error
category, representing the sum of errors per category. Despite the low correlation between
the two tasks, Poisson regression analysis revealed significant performance differences
across almost all error categories. In accordance with hypothesis 1, the ranking process

indicated that students made more errors in the CD task compared to the ERD task.

Beyond comparing task performance in terms of error rate, we also examined the
impact of gender (hypothesis b). The ranking was based on multiple pairwise comparisons,
applying the Bonferroni correction to maintain a rejection threshold of p < .05. We found that
male students exhibited more errors than female students across all error categories, except
for defining classes/entities (Catl) and defining cardinality ratios (Cat5), where no significant
differences were found. Significant differences were identified in one primary key
subcategory (Cat2_1) and two attribute subcategories (Cat4_1 and Cat4_4), where male

students made more errors than their female counterparts.

Additionally, a significant interaction between gender and task emerged in two of the
five performance measures: defining attributes (Cat4) (Wald test = 4.29, p < .05) and the
total number of errors (Wald test = 5.62, p < .05). In these error types, the interaction was

driven by female students making fewer errors in the ERD task, whereas male students’
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error rates remained consistent across both modeling tasks. These interaction effects are
illustrated in Figure 1, which displays the marginal means relative to one another. The
connecting line between two subgroup means denotes a significant difference at the p <
.05/.06 level. In addition, we found an interaction effect between task type and gender in
one relationship subcategory (Cat3_1). A detailed analysis of this interaction showed that
male students performing the CD task had the highest error rate (c), while female students
working on the ERD task had the lowest (a). However, no significant differences were found
between male and female students in the ERD task (a vs. ab), nor between male and female
students in the CD task (bc vs. ). This interaction is depicted in the lower chart of Figure 1.
Female students consistently showed lower error rates than male students, with error rates
being higher in the CD task compared to the ERD task. Further analysis of gender-task
interaction revealed that female students had fewer errors in both tasks across all categories
(Wald test = 4.41, p < .05). Moreover, the performance gap between the ERD and CD tasks
was larger among female students than among male students. This interaction effect is

visualized in Figure 2.

We found a notable interaction effect between categories and tasks was identified
(Wald test = 22.27, p < .001). When compared to the main effect of categories, the ERD
task showed the primary keys category (Cat2) as having the lowest error rate (ranked “a”).
The classes/entities category (Catl) did not significantly differ from the primary keys
category or from other categories (ranked “ab”), which demonstrated higher error rates
(ranked “b”). For the CD task, the category rankings matched the overall mean predicted
probability order. These interaction effects are depicted in Figure 3. Notably, the
relationships (Cat3) and relationship cardinality ratios (Cat5) categories stood out as
exceptions, displaying distinct differences between tasks. In contrast, the remaining

categories exhibited similar error rates across both tasks.



Figure 1. Interaction decomposition by gender and task type, pairwise marginal mean comparisons
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Figure 2. Gender ranking of mean predicted probabilities by task type
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Figure 3. Category ranking of mean predicted probabilities by task type

0.8

0.7

0.6

0.5

Proportion

0.4

0.3

0.2

0.1 a

catl cat2 cat3 catd cats
classes/entities primary keys relationships attributes cardinality ratios

=== ERD cD

Letters are used for within-task ranking of error mean predicted probabilities; vertical lines, for between-task
differences.

4 Summary and Conclusions

We examined student performance in two courses at an academic engineering college that
focused on conceptual modeling - one emphasizing the CD model and the other the ERD
model. Our goal was to compare student error categories to reveal if there is a transfer of
knowledge between modeling languages. We expected that learning the notations of one
model will help students learn another model. Indeed, in most modeling aspects, our results
show a “learning effect”: we observed a transfer of semantic knowledge from modeling with
CD to facilitate modeling with ERD. More errors were measured in the CD task than in the
ERD task.

An additional goal was to examine whether female modelers make fewer modeling
errors than their male counterparts. Our results reveal that female students made fewer
errors than male students across many modeling categories (defining primary keys,
relationships, and attributes). In the attributes category (Cat4) and in the overall number of

errors, a gender x task interaction was significant. The difference in performance between
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male students and female students, was assigned to the lower number of errors made by
female students in the ERD task, while among male students, this number was similar in
both ERD and CD tasks. Apparently, female students assimilated learning from the CD
model and applied it to the ERD model to the point at which their number of errors was
significantly reduced. Such a learning process seemed to be lacking among the male
students, except for one relationships category (Cat3_1), where the ERD error levels for

male students and female students did not differ, and the same for CD error levels.

We also found that certain aspects of database modeling are characterized by
higher error rates. These prone to error aspects are more cognitively complex since they
demand thinking at higher levels of abstraction (LoA). Given the limited time available in
most courses, we recommend that educators allocate more time and effort toward teaching
the more complex aspects of modeling, where error rates are higher. This can be achieved
by incorporating more active problem-solving tasks that address the more intricate parts of
the course content. We advocate for hands-on activities that require students to translate
high-LoA concepts from textual scenarios into diagram representations. We suggest that
educators use constructivist teaching methods to facilitate learning, particularly for high-LoA
aspects. These methods should also incorporate social learning components, such as peer
assessments and group discussions, allowing students to learn from each other’s mistakes
and solutions. In addition, we recommend that educators introduce common errors made
by novice modelers during the first modeling language, to help reduce the occurrence of

similar mistakes when students transition to the second model.

While we found that female students made fewer errors in many categories than
their male counterparts, we do not support a gender-specific approach to teaching. Instead,
we believe that all students should be equally empowered to tackle complex, high-LoA
topics. However, in courses that involve social interaction, we recommend grouping male
and female students together for collaborative modeling tasks. This approach will allow
students to share strategies, with male students benefiting from observing how their female

peers approach textual modeling problems.

Our findings, showing that female students made fewer errors in database modeling
tasks, contribute to the ongoing discussion of gender differences in STEM. While many

studies highlight gender gaps favoring men in STEM fields, others point to female students
7



excelling in reading and comprehension tasks. The finding that female students perform
better in database modeling tasks, challenges the stereotype that STEM professions are
less suitable for women and highlights the potential for women to excel in fields. Given the
underrepresentation of women in STEM professions, particularly in computer science and
information systems, our results suggest that female students possess a high level of
capability in these fields. This calls for continued efforts from educators, employers, and

recruiters to address the misconceptions surrounding gender and STEM careers.
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2 D'7Nam D'7Tan INXM LD 11D .0UNXK D7IW0NI N wim'yn niwwn TX7 2wioa win'w nain? GenAl
NIYATA I7NNN NIRPON .NIYWNNI 7WI19] win'y/wim'vn NId ,N7'MXN NO'SNA 7vI191 0INY NXIINZ D'0ITIVO

N'RANKXI N'A'OPOKX NNIXa GenAl nx 27¢% Dnmn N7D' IR DAY NYIXPM NNYON NIN'DY MIXNn NX
RN

Avixn nim'o , TAM 7Tim ,niratinoo ym'x ,nTn7i AR ,NIXE NMIDKM 012 :NNon Nin

xan 1

Jovanovic & Campbell,) naxIrn nmpX7A0 N212N DINNA N¥YXRIA DINTPRN 270 NIRNNRD DY
nXI N'MRKRM N1 niooian Nia7dov L(Rudolph et al., 2023) qi'na Y omiwe ny (2022
Baidoo-Anu &) TiyvI DTN NdWNA ,TRIZ7 N'WIR ANRNNL,DRIIN D700 19'w nnwarn (GenAl)
DNANK NN 178 Nt (Owusu Ansah, 2023; Chiu et al., 2023; Holmes et al., 2019
yT1 7001 niar niwni (Rudolph et al., 2023) a1z nxin D*%0n? niwTn nernnTml
NN7uUn NIMIATOS NYNLNAI YIN'RA AIWN TN 0171 o'xnY? (Zhang et al., 2024) wTn 1o
2v Dn'io'on NX an? aiwn P71 GenAl  (Brandao et al., 2024; Ghimire & Edwards, 2024
Javaid et al., 2023; Zhai,) nno>wnl nniwr nTMYN 11ON2 N2 wnanwin? onidin nxl GenAl
(2024

D'POIVN DZNN . TNYN "IN 0N PY 2N XKIn GenAl NITIX NMTEXA AXRIIN 'N9 NIO'DN 7w N
o'vaaxn ,(TAM (Yang & Appleget, 2024 7Tina win'w D'wiyn 198 NNAIT ,N7X NIMI7I100 7w yim'Ra
arn v xym Ty .(Wang et al., 2024) niwwni ni7aion nwinn 7715 0'n1ia 1%on v oni'wn 7y
[1ON7 1T NAI71D0 NPOONY NI'NTTNA NdNN 27 GenAl 2 AXIN 'N9 YW MTPRN win'wn |2
,AXIIN 'N1D D NTawn n 07vnnY ') .(Hsu et al.,, 2024) n'wixpn niNNSNN%? NN DNIY'Y
niywn 07700 nxna GenAl nynuna 0NdN DNANK DY DI DTTIANN L,7V191 DNIN7 Dnim
2V NTZIMN NWINPN NWIN 7907 A1IWN L, D7 .AR'MIK 7V DmMwl nTN7n Nya N2 N NIDNNoN 1At
N'RINKE Nfnivawn Aiya GenAld wnnwin? O D'WATIN |INVAI DNIYDA DNIR T'Y7 NIn
. (Searson et al., 2024)

D'YITIN ND'MNYTI NI YT YA 0Mimi nRIIN7 0'0ITIV0 W DN'MIC'ON IN'TA TznN! Aznnn

102 T DR Ennn Y nroIRND Imnnn . TAM 9Tm 2y npnnon Jin ,nxna Gen-Al a7



N"7100 NX Y'MLVNY D'VITIVOI DN 7Y DNIRIPDY 7Y D'VY'OYYAN D'AIAN 7¢ N1ann nymyna
JN'YUYUN NY'NAN .02 0DINON DNANKAL NI'NTTAN N1'NA )IN ,NTN721 XN DN Gen-Al-n
D'N'ANRN D'DIXN 7V NI00IANN ,NINKNIN NI'VIXPNn NYOnN NIdIN NIN'S2a yno? 1o ANNN 'RXNN

J1'Nn N>VN Dwinmi 'RINX 9182 Gen-Al-n Ik A%W% navna N 'WaR Y

I'NI7RYI INNVN 7NN 2

NXIIND NXIM'R 7Y D'vownn ot GenAl-a win'w'? AwXa NIo' N [INQ7 NN DT NN NNon
YIRD 72702 0N71Ta N0'0N2NINA DFTAI7D ,AXIINYT NIWINT7 NIT'N'2 AXIINYT D'0ITIVO 1A DTNl
Ym'x7 oa "o, TAM-0 nnaiT 0171100 YIn'R? 0mpn 077N DRN LJINQY7 NX TV .01 7wl
N1 Wiy 1970 0Nimi axkINYg 0'0aTIvo Niovn [an .1 niRe My nitkw P77 'R .GenAl
IWKR 7191 DM 27 AXIINY D'0ITIVO A DYTANN DN .2 7DTN71 ARIN2 DX NNIPDR'M

?20TMY1 XN DX DTIPKRA N1 win'y 197D Dntnio'onYy

amlzimnn 3

NMWON7? NT'N D'VITIVOY? YOINW (7N [I7RYA WIN'Y QYIYD , N0 N'MIND DY yn'R gnnn
7V 12'wn .0Mm Y NiviXpni NFMNAaNn NINYY NIYYNARA [I7RUN Y910 L]0 1N .N0'0N2MIINA NRIINYT
.0mi nx1IN7 nroamvo 230 jI'7Rwn

vin'y ,0"9'X50 0'D OY NNO'W (1A O'RYUN? NIoN"NnNn NNNo - NIPRY 9710 [ipnn [I78wN
NYI12 NIND0N N1'70 7v 002NN NN [I7kwn .GenAl a7 nio'oni nimyi ,nxna - GenAl-a
TAM nraimu ym'x 71ma nimpgann Jin ,nmn7 axuna (GenAl) maxrr nmmipx . nna
nxIn o (1) :o27n nwmnn 'na i7kwn (Davis, 1989) 7w ((Technology Acceptance Model
'RANRE MR win'w (GenAl, (4 nivxnxa ndwn (GenAl, (3 niv¥nxa nx1in (GenAl, (2 niyynxa
T Y T2 wan o' 37 7w miwry akn .GenAl ninna onim 7w wixpn ninto (GenAl, (52
AN'T NDIYN NIYXARA D'TANN DR 'RNXY [9IND WD NNARM 75 .0INN2 D'NNIM - NY2R 7¢ 71X9
JPRWUN DR TTRY 1D Nndona 17apnn nionnt L (71707 nain = 1+ ik = 0 ,'on? = 1-) nnan
D2YIYN DAN'T DY D'TA'NY TIY2 , 0NN NNY IR NOoIN (4- IR 4+) XN nndon/'R 172w DT
Dnon = 5 Ty 0von X7 77 = 1) vy 07102 0T 25 YW 910 Yaip? 7w nno,qon [I'T Nay
.TAM 7Tmm"% oxNN2 110 PTIVAN O'TA'NN YN L9100 27w L(TIRN

Exploratory factor) wwxn nmiopo nima 17731 ,nirmmd NN NIV'Y. NIYYXARA NN D2IMIN
qim yxi apnnn .(Independent T-test) nanm X7 T 'nin'a X2 nronan ,niNipe (analysis
NITIO 7V NY'MY ,0'ONNYNN NI'0N9 NNVAN7 NAYINA JINA NN DPNRD 772 29 79PN
JYUNR NITA NXIVIN NNPNNRN N72217 0TI 1R D Y7 21IWN .90KIN 'WIRN VTN 72V N1ant ,0niman
12'7NN2 DAI7'Y [DIRI DNIAN NIANINN NI'NA (13D ,NTTAY ANIF DMV AR 07 AN ' T'NY NN

NTNh RN



[T o'xxnn - 4

(Exploratory factor analysis) wwan n'mIia NINYI a'¥1 N'URY L0770 NWI7YUN D2 0'R¥NNN 719
NT NN 7¢ DUTDOINN D'UPILVOIIPN DX NINTZI DINYAN 190N DX |'OFN7 NN 7V V¥ WU
NNIRNN 7M 78 1IN2Y1 0'OIV0IN A DMWREN XIF Ppn NKY? (Loading Range 0.411-0.889)
Independent) 0171 'm72 0'NATAY T |N2N NN 7@ D'RYANN 12XI1F 91027 .NMINIY N'0NAY NIYYNANA

.D"MN 127 AXINY 0'VITIVO |'2 NI0'oNA 0'7Tan7 vam (T Test

Yvan 0'nm1ia nNiN1 4.1

NN NIY¥NAX INNI AXIINA DX DMK N1 A17'Y DITIR 7Y 0NImni 0'01TIV0N NIO'SN FTan
;o' nw'w n7un ninan L(PCA) Principal component analysis nu'wa 71w o'nain

2y m'x 120 GenAl Taly 18D n/pan A" nnarT? ,orman 9 17901 11 nvipa — GenAl nirix (1)
."DDN NN, NN DTN ,0M'71TA DRIM NARN

nKX w7 7 any GenAl" :nnaiT? ,0r1a'n 3 17701 Nt nxiaja — GenAl wimrwn nosnan n2vinn (2)
."D'NIA D'0NTIVO 7Y MMV N DTN DO Y'7NN

D'DNdN D'NXN DNANKY? DT Y7 W anarm? o 31901 1T axnpa [ axiann ag'nx (3)
"DNIX D¥NX7 OFTYY N/ORI IR (MYT N22A1,L,NYLVIN YT ,DI'on TN nrons 77n) GenAl-a win'wa
n/imayn AR a7 o 4 19901 11 nxinpa - axna GenAl win'wa npnim nirnwn (4)
[T AR 9'YY 27w nniva GenAl-a wnnwin? 'R TAN WiNpn Nin'oa

7907 15 GenAl-a mwnnwn" :nnart? ,0'Tan 4 19901 1T NXnpa - wim'w? nan/wioa wintw (5)
S(MITRY 7Y Nyn N'WR DRNIN Q1WA [12D) D'T'AN7 Nk T nd'mn

7Y AN 09N 1N DTRINNY NIYWN Y Y anarT? 0T 2 19991 1T axinpa - nivwnl 0Nanx (6)
JTImAN MR narwn NIwD NNet nigna GenAl 01 nTan

T2V DX NMIDKRM N1 7w nimizmoo ym'x? (Davis, 1989) TAM-n 7Tin nX p2'nn 178 0'MiA
NNXNN N LAY PR 79 D' AT TN nkne GenAl yim'x? orTint 0'oan 27w

.GenAl 7w "wpna NN Ym'R? omepn 0'oann

1211 D'NIIA ' DR 4.2

.(1 0720) NIwwNI D"ANK VYNY ,0'0ZIVOIIFN 2N |2 D™AI'NI D'PNAINM D'PTN-0'111'2 DR IRXN)
nin oyl (r=.683) win'w? nid Ik w192 win'w Dy 71N WA naxxnl GenAl ninmix ,Tnirma
(r=.580) noon1 N72vIN DY PN WWpA XK¥N WM'w? nan/wioa wimwn L md . (r=.644)nosn)
NN90N DY TNX M72 D71V ,NIYWNI DMANKT? DNIWRN 0N 178 0'Rxnn (r=.526). nx7ia01 np'ni

(Scherer, 2019).npnnn



(N=230) n'voprvoaipa 1 1o mwp .1 n'a0

O™MANN /v winw NIMYn NP nwinn
niwwni win'w'? N npnin XTI nosSnIN

- - - - nIMIx
-0.044 .683 421 484 .644 GenAl

- " - nuinn
-0.047 580 382 487 NOSTIA

- " NPNN
0.097 526 376 -

en nI'nYn
0.090 A54 AR

[ v19a win'w
0.028 win'w? min
** p<0.0001

vin'y" - UPIVOIIN NX DY D'VZIVOARN 7V 12N N7ID' DA NINQ] INXNIY D'PTNN DNYPN TIRY
NXN1 77N .0'0pI00IEn 77 DX D770 NVIYD NNINTYT roNaY vy L"wim'w'? nain / vioa
7y 00oanna wm'wy nand / 191 win'wn 7w nnaomn nniwin L[F(5,224)=54.54, p<0.001] 7nam
7w LPVOoAFN LYNYT ,0'VPIVoAZN 77D .54.9% nNn'n ,(2-6 D'VPIVOR) DN 'M7aN DANWNN 7D
7v2> k¥ ,GenAl niiIx ,1 O TVOAR WK ,NNIYNAYN NNNN *7U2) IXXN] DMANKI NIYYN

t=7.01, p<0.001,) wnnwin? nupn / i win'wn 7w nhaomn Niw/7 AN NN nninnn

.(B=0.44
n"INa"7n nroNann 1w Coefficients n7av .2 a7av
Coefficients®
Standar
dized
Coeffici
Unstandardized Coefficients ents
Std.
'Model B Error Beta t Sig.
1 (Constant) -0.2568 0.272 -0.949 0.344
Literacy and Self 0.441 0.063 0.435 7.007 0.000
efficacy
Percieved Usefulness 0.126 0049 0158 2581 0.010
Ethics and regulation 0.148 0.044 0.184 3.368 0.001
Facilitating 0.174 0.064 0.13¢ 2719 0.007
Anxiety 0023 0045 0024 0526 0600

a. Dependent Variable: Actual Use



N7VIN NIRRT N1 NIMIXR D IRN YR D'ATIR 0NN NIRXIN DY AN 0'R¥N) 178 D'R¥YNN
NP'MN? D1 (schiavo, 2024) n'mipXM N1 Y'Y 7¢ D'R2IN DN DDA NIDAIM DIMYNIE NO9N)
NKT T¥7 .(shao et al., 2024) Nt Awzna NIfarn NITAY wI2'A A1IYN T'PON DMK N1 7Y NoSN
N UIM'yn 72y NMMINK7A N1'an NIYYN 79 DNYSWn? Yann 751 NN NIRXIN 1750 0TI 0Ngnn
N'MIDRM N1 NN DD 0'901 DINYA DY D'YPN DAY DRAINN DNYRN 72V DA 1Nd ,72Wi9]
'xyan oy TN .(Chen et al., 2024;Wijaya et al., 2024; Schiavo, 2024) n'nipX7n n1a2 Nini
N'MIDK'M N1 YR 7Y DT NINYN NYSWN DX 7ay? [INQ7 DY T'NY D700 2V D DRI 'NDIN pnnn

A

D"INY% AX1IAY? D'VITIVON A D7 TaN 4.3

A'7'w? vam (n=57) nxn ‘N9l (n=173) onim 2 N10'sN2 0'7T7aN DY DRN [INQ7 NIn 7y
MY |2 0'PNamM 0'7T1an v niyaxn niIkXmn (3 n720) "2 omam? T jnan yxia axina GenAl
win'w? nun/wioa wim'w ;(t=5.24, p<0.001) n'x71201 0 NX :0'0PIVOIIR NWITYWT? AWK NI'OITDINN

.(t=1.83, p<0.05) niwwni omanki ;(t=2.31, p<0.01)

D'VPIVOIIP? ONNNA DMINAI D'VITIVON 7Y [N NI'VOI D'YXINN .3 172V
(Nteachers=1 73! Nstudents=57)

(n"o) y¥inn — 0'VITIVO (n"o) yxinn — o"n
3.16 (0.92) 3.20 (0.91( GenAl niriN
2.75 (1.09) 2.67 (1.20) NOSNIN NVINA
3.80 (0.90) 3.03 (1.15) n¥71A71 AP'NR
3.95 (0.79) 4.00 (0.72) nI>AIM NIMYn
2.98 (0.90) 2.70(0.92) wIn'y'? M /2uioa win'y
3.61 (0.80) 3.34 (0.98) NIYWNI 0"MANK

NWI7wa 7WI192 DN 27 AXINY O'VITIVO |2 D'PNAM D'7TAaN DM D I9WN D'RYANN DID'0Y
D'VITIVO D KX .NIYWNI DNANKI L,WIN'YYT DAID/7VI9] win'y n'X7201 NP'NN D7V D'0700117
NnIyTM 7Y Tynw nn 20192 0NimY aRniwna N 0 Y00 ARmKn '0an NIRRT ARINY
NN 27¢7 AN Anaa N 1'a9n 0'VITIVON LD 1ND .GenAl-a win'wa 0NN DMANKY? NP ANl
GenAl-a wm'wn 27 Niwwn AN 12N wisa oNim TRA .0N7Y DrTNyn XN Na7noon
oN MNIXIAPN |'2 D'PNAmM 0'77an IXYN X7 .0'TN7N 21pa nA'wn Drnarm Nim'e 2y myswinl
D'VITIVOYW D 7V DWNNN 178 D'RXAN .NDAIMA NIMUNN IX D72vinn no'on ,GenAl nimixy

X D'waTl ,nRIINA GenAl ym'® NITIR NI0'SNY yana NI7T2IN NIFOIPIN DYINN DM IRINYT
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NiN71y2 Miipn N'9IN'Y AaTNY 7w nwAl DNanx
N'YA-N'NNAN NT'NY7 ¥ Ywpna nnxion

a b))

nmipn N'9IN'Y NTNY 72V D'YW'OYNN D'NIIAN DX N2 DT NN PN
NIYON7 NITOIN wn D'VITIVO 25 2172 N'TAN-N7N NIV D202
N71W9 qIN'Y ¥ 07N 0'RINI D'MIA NINT? YR agnnn .78ea 0nim
DUINI0Y NINYIY 79 NIMIIBVY79 117'wa INIK DdYNN 1781 ,N7XIM [1ipn
.XP79Y NIt N¥NNY DRAM Ay NRFKY NIYXAXRA 190X 0iman (VW)
NI NI70T NN 0INEDTAI711O0 DPANKY D 7V D'YIAXN D'RYNAN
,INYUN NIYXNX] N'NIOINN NTN?7 ,NXT NNiv? .N'9m'y aTn7a nvwi
IN9'0 DU7NIVYT NINZIY WIN'wD 7w 7N'YI01901 DIFMNND ,NMYY NNXyn
NTNMY7 7w NIAdIIMN N1ANT7 DN AT NN .0'0ITIVON Q72 N'OIN'Y NTNY
nipn nTNY? 2V 0w'ownn 0N DX IRNY 101 JIN ,Nin N'oInY
7700 70T j0IN 7TIN a'¥n Apnnn .0Y7RI0YYT NIN7IYA NNYXINM N'9INY
[oIN 7Y 'OMpN ITPON DX D'WATAN ,DUWAN-I'YION DMAI71D0 DD

.NTM70 NN 9w 0T

NTNY 70007 join neIm'w a7 L (Virtual Worlds- VW) 021001 nin71y :nnsn nir
(SEL) n'mhan n'wan



NXIan

31N 7 niwnwnn NiMAidwYod 21-n nknn n7'nna vy (VW) onoxiont nin'iy
NIVXAN] NT DY AT TIN%71 "wpn? 0'wnnun? NNWoxNn 17X NIR'A0 .N'MNAN N'YPRI0VINI
QIN'YI NIQIYAN ,N¥A0IMN NX7VNYT 781019 11D A TNn'70 Dinna 0 nann' VW -7 .0nuoliix
D'Y'AN D'RYID 'YUDIN [I'T NNWONAN ,N'71011 NNV D220 DY'YN DN .0 TN 7w n1ve
[I'RY ,NI'ZNYAL NI ATN? DN DY TN ,NAZA NIDIN'Y ATN/Y1 NN 'D17'N7 DTl

.(Anis, 2023; de Castro et al., 2019) nirniion nTM7 NNAONA NIYA)

D'TN701 D' TNI7 ,0DWNNN DAIMT DAY DN DTN AWK NYNINN NIZA N'DIN'Y NT'N7
NIMNR DNRYE DMy TIYY 'wR YT N7 0 T'N7N% (WOKRN N7 120791 170N NNt 1
N> DMANKN N9N NI'R NTNA? Mpnn NN 0y .(Lei & Medwell, 2021) nTn7n 70N v
DN 'WIN7 21N L7 .0"NNANT D'WAY D'0ANY NYNAL N0 T DN ,NIRMT 0T DIXT
niomnn ,Twi Nt .(Lane, 2017) ni7'va oN'MINDA NIK DWUM? 1721'Y T 17X NIV'WA 7Y
,NU'YUN NINN' DX 207 DN7 Y107 N'71D' DMIXRILY' NINZIVA N'9IN'Y NT'N72 DNIN YW WK

N2 NN N'9IN'Y NTAY 7w NN 217'w 0TR'71 Na7'wa 0NDN DNANKD DY TTINNNY

NNIYN NI'702T NT'NY NI2A02 NAIRTOI N'AI7IDL 7W NYOYWNN 7N N2N NINTRNNN NINNY
NMY71y2 N'9IN'Y NnT'N72 0'9ONNWNN D'VITIVO 7Y D''NNAN — D"'WAY D'VA'NY NINY N7 27
72 ,0"7NI0YY NINTIVA MR N'9IN'Y ATNY? 7nwnn NNNN DX N2 AT 7NN .0"7xI100Y

.0N1'2 NhNN |Dn NXYI NYNn NX AIX'™7 "TD TN 1ITAY D' T9) Q'"ITPKX NITOIN 1YWY
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Check the solution of the following problem:
Given geometric progression a4, a,,as, ..., a, in which a, = 3,q = 4.
Find the term a5 of the progression.
(1 2'R) wAmIn NN DIX? NIrnin 77D ChatGPT -7 nwaiw nn'7'kwn

Check the final solution of the following problem, which is a test
undertaken by a student:
Given geometric progression a_1,a_2,a_3....a_n in which
a_1=3,q=4.
Find the term a_5 of the progression.
You need to provide a final grade of the question. Check only the
final answer.
Correct answer is 10 points.
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The student's final answer is 768, but let's verify it.
The general formula for the n-th term of a geometric progression is:

an =ay-q"

Given:

e a; — 3
e g—4
e n—25

Substituting these values:

as — 3-46-1
as = 3-44
4* — 256

as — 3 x 256 — 768

Since the student’s final answer is correct, they receive 10/10 points.
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Check the entire solution of the following problem:

a_1=3,q=4.

Find the term a_5 of the progression.

Check if the solution contains the formula:
an=a1:q(n-1)a_n = a_1 \cdot q*{(n-1)}an=a1-q(n-1)
if the solution contains this formula, give 2 points.
Check if the solution contains the substitution:
a_5=3-47(5-1)

if the solution contains this substitution, give 3 points.
If the result is a5=768, grade with 5 points.

The total mark possible is 10
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Let's analyze the student’s solution step by step:

1. Checking the formula

The solution contains the correct formula:

Earns 2 points

2. Checking the substitution

The solution correctly substitutes the values:

as = 3- 457
Earns 3 points
3. Checking the final result
The solution calculates:
as = 768

However, there is a small error in the final statement where the student writes "769" instead of
"768". Since this is a clerical error and the correct computation is shown earlier, the student still gets
full marks for this part.

Earns 5 points

Final Grade: 10/10 ©
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Check the entire solution of the following problem: Solve the
following equation: x*2+4x+a=0,
a is a real parameter.

The maximum mark is 10. Check every expression and decide what
mark should be given or reduced from the final mark.
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Let's carefully go through the solution and check for any mistakes. We'll break it down step by step.

Given equation:
2’ +4z+a=0

This is a quadratic equation in standard form az? + bx + ¢ = 0 with:

e a—1
¢« h—=4
s c—a

Step 1: Applying the Quadratic Formula
_ bt Vb2 — dac

2a

€T

Substituting the given values:

—4+ /2 4(1)(a)

o 2(1)
—4+/16 — 4a
N 2
So far, the solution is correct.
Step 2: Case Whena = 0
If @ = (), the equation becomes;
- +4dr=10
Factoring:
H(z+4) =0
So, the roots are:
T =4, T3=0

4+ /16 1+4
r = =
2 2
4+4 4-4
T = 2| =0, == o = 1

which is correct.

Grading the Solution
1. Correct formula used: {No deduction)
2. Correct substitution of values: (Mo deduction)
3. Correct simplification: (Mo deduction)

4. Conclusion and specific case a = (: (Mo deduction)

Final Score: 10/10 @
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