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Artificial Intelligence and Homework
- Just a challenge or an opportunity?

KOVACSNE PUSZTAI Kinga

Abstract: Artificial intelligence is gaining increasing popularity and is being applied in an ever-growing
number of fields. This process presents new challenges for educators, raising important questions:
Should AI be embraced and integrated into education, or should its use be restricted? Are students
relying on it to complete homework assignments? Is there a need to rethink traditional approaches to
homework? To address these questions, a study was conducted among university students to assess their
knowledge of, attitudes toward, and usage patterns of ChatGPT. The investigation continued within the
framework of an Algorithms and Data Structures course, focusing on the extent to which students are
able to complete assignments using artificial intelligence. In response to these findings, modifications
were implemented with the primary goal of discouraging the direct use of ChatGPT for homework. The
effectiveness of these changes was then evaluated based on student feedback and performance metrics.

Keywords: Artificial Intelligence, homework, education, ChatGPT, algorithm

1. Research Questions

This study was guided by the following research questions:

e How familiar are students with ChatGPT and how frequently do they use it for educational
purposes?

e Can typical programming homework problems be solved using ChatGPT, and if so, how
accurately?

e How do student-generated solutions compare to those generated by ChatGPT?

e What modifications to homework design can reduce reliance on Al while still supporting
student learning?

2. Methodology

2.1. Student Survey

Anonymous online surveys were distributed among university students to assess their awareness,
usage patterns, and opinions regarding ChatGPT. The questionnaire included both closed- and
open-ended questions.

2.2. Al Performance Analysis

Homework problems from the “Algorithms and Data Structures” course were entered into
ChatGPT (versions 3.5 and 4.0) to evaluate its ability to solve them. Tasks ranged from simple
array manipulations to complex recursive algorithms.
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2.3. Student Solution Comparison

Student submissions were compared to ChatGPT-generated solutions to evaluate similarities and
determine possible Al usage.

2.4. Homework Redesign

Assignments were restructured using online quiz platforms (Canvas) with partially pre-filled
structograms to limit Al-generated responses. The participation and performance rates were
compared with those of previous years.

3. Background: ChatGPT and Al in Education

3.1. Characterization of artificial intelligence

Before discussing the impact of Al and ChatGPT on education, it is necessary to define these
concepts.

“Artificial Intelligence (Al) is a general-purpose technology that has the potential to: improve the welfare and
well-being of people, contribute to positive sustainable global economic activity, increase innovation and productivity,
and help respond to key global challenges. It is deployed in many sectors ranging from production, education, finance
and transport to healthcare and security.” (OECD, 2024)

The ChatGPT (Generative Pre-trained Transformer) is a chatbot developed by the OpenAI
artificial intelligence research lab that uses interpretive models to automate continnous
communication, enabling it to instantly and interactively process input. (Roose, 2022)
ChatGPT aims to provide natural, human-like responses to a variety of
questions and conversation topics. The Al has been trained with a huge amount
of text data, enabling it to understand and respond to a wide range of questions,
1nclud1ng: Figure 1: Logo of
ChatGPT

. . . .
Talking about science, technology, art, history, etc. (Wikipedia, 2024)

e Help with problem solving: Math problems, programming questions,
language learning.

e Creative ideas: writing stories, poems, game ideas, etc.

e Everyday questions: travel tips, recipes, product recommendations, etc.

ChatGPT is able to continuously learn with newer versions to provide more accurate and useful
answers.

Scholars often distinguish between strong and weak Al (Wang, és mtsai., 2024). Strong Al, also
known as Artificial General Intelligence (AGI), can perform any intellectual task that a human can
do. It has self-awareness, consciousness, and the ability to understand and reason about the world.
AGI can set its own goals, learn autonomously, and solve problems in many areas. In contrast,
weak Al also known as Narrow Al, is designed to perform specific tasks (e.g., language processing,
translation, image recognition, playing games). It does not possess self-awareness, consciousness,
or general understanding, and is unable to set its own goals or express real intentions. The weak
Al operates using machine learning models, statistical patterns, and predefined rules. The ChatGPT
is a weak AL
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3.2. History of artificial intelligence

The history of ChatGPT began with the founding of OpenAl in December 2015 by Sam Altman,
Greg Brockman, Elon Musk, Ilya Sutskever, Wojciech Zaremba, and John Schulman. (Szabé, 2023)
ChatGPT has only a 6-year history. (Héja, A ChatGPT torténete, 2024) Its main milestones are:

1. GPT-1 (2018): This is the first-generation model that introduced basic language capabilities,

but at that time its knowledge and usage options were still very limited.

2. GPT-2 (2019): OpenAl has publicly released the GPT-2 model, which has become much more
sophisticated and orders of magnitude more efficient. GPT-2 was already able to generate texts

with a grammatical structure and context that were almost human-level.

3. GPT-3 (2020): GPT-3 represented a significant leap in the performance of artificial intelligence.
It had over 175 billion parameters, which allowed it to respond to user requests with much

greater precision and versatility.

4. ChatGPT (2022): Based on GPT-3.5, ChatGPT has been more specifically released as a
chatbot, providing answers in various applications, such as technical assistance, learning aids,

and creative ideas.

5. GPT-4 and improved versions of ChatGPT (2023): This version has brought significant
improvements in context handling, reasoning and problem-solving. It is able to follow longer
conversation chains, provide better examples and solutions, and respond more flexibly to user

needs.

6. ChatGPT multimodal capabilities (2024): ChatGPT-4 is now able to process and understand
images, so it can help with image analysis, graphics generation, or even answering art and visual
questions. This takes interactions to a new level, as it can now provide help based not only on

text but also on images.

3.3. Advantages and Disadvantages of artificial intelligence

The most used areas of ChatGPT are code writing and text generation (Tamas, 2023).

e It makes it easier for programmers to write, improve and optimize code, saving them time.

e We can specify the topic and the desired length of the text and ChatGPT will generate a
meaningful text of the specified length for us on the given topic.

Al tools also have an impact on education. Although Al is not yet widely used, more and more
educators are getting to grips with it and using it in education. Using ChatGPT has many benefits,
such as (Perry, 2024.) (Varsik & Vosberg, 2024) (Owoc, Sawicka, & Weichbroth, 2021):

e DPersonalized learning: Designing a learning plan based on the student's knowledge and
finding the best way for them to learn. ChatGPT can help the student by offering
personalized answers and adapting to the student's level of understanding. It is able to
generate additional practice exercises similar to the one that caused the difficulty, thus helping
the learning process.

Central-European Journal of New Technologies in Research, Education and Practice
Volume 7, Number 1, 2025.



Artificial Intelligence and Homework 4

e Continuous availability, immediate response: ChatGPT is available 24/7, so the student can
ask questions or ask for help at any time, even late at night.

e Content creation: It can also make the work of teachers easier, as it can create high-quality
educational material (presentations or exercises) in seconds.

e Correction: It is now very easy to edit automatically graded, primarily quiz tasks. But Al tools
are also starting to appear that help teachers correct essays.

e Keeping professional knowledge up to date: Al could also assist teachers with continuing
professional learning.

e Administration: Assistant for creating and grading classes.

As an artificial intelligence, ChatGPT naturally has certain weaknesses and limitations that are
worth keeping in mind. Some of these are (Plag, 2023) (Portfolio, 2023) (OpenAl, 2024) (Agarwal,
Sharma, & Goswami, 2023) (Chauhan, Khaliq, & Nayak, 2025):

e Lack of knowledge update: ChatGPT does not have an active connection to the internet, so
its knowledge is always up to date up to the last update date.

e It often returns statements that appear true at first sight but are false.

e The answers are based only on data and patterns, not human perceptions, feelings, and
experiences.

e There may be linguistic inaccuracies or loss of context in long conversations which may lead
to inaccurate answers.

e It does not always succeed in solving complex reasoning or creative tasks well.

e In a specific field that is linked to another discipline, its knowledge is limited and ChatGPT
is unable to understand the connections.

e It is not reliable in citing sources.

4. Results

4.1 Students' opinions on the use of artificial intelligence

An anonymous online questionnaire was used to research students’ opinions on the use of artificial
intelligence. A total of 35 students completed the questionnaire. Among them, only one respondent
(2.9%) had never used ChatGPT, while 30 students (85.7%) had only used the free version so far,
and 4 students (11.4%) reported having a subscription (Figure 2/1).

The second question aimed to assess students’ self-reported familiarity with ChatGPT. On a 5-
point scale, the average rating of their knowledge was 3.94, with a standard deviation of 0.9; both
the mode and median were 4 (Figure 2/2).

In the following question, the degree of liking for ChatGPT was evaluated (Figure 2/3), resulting
in an average score of 3.6, a standard deviation of 1.09, and a mode and median of 4.

Finally, satisfaction with ChatGPI’s answers was assessed (Figure 2/4). This question received the
lowest average score of 3.37, with a standard deviation of 0.77 and a mode and median of 3.
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f 1. Have you ever used ChatGPT—?\ [ 2. How familiar are you with ChatGPT?

@ ' @ 5 I Y
- ne 4 I 15
yes, | subscnbe .
4 3 .
2 3.94
1 . B, >
® yes, but only the free version 3 J .. * h % & O
_ 'y Py
/ 3. How much do you like ChatGPT? msatisfied are you with ChatGPT's response?
. Sl
4, 15 4. 15
3. I - 16
2. N © 3.60 2 . 2 3.37
1. Wl ok h N y 1. W W & 1 7 )
\ y \_ -

Figure 2: Questions from questionnaire

The other questions in the questionnaire were open-ended, which the students were not required
to answer. Nevertheless, 29 responded to the question of what ChatGPT could be used for. Of
course, the answers included: for anything, for learning, for brainstorming, for finding errors, for
solving simpler, monotonous tasks, or for answering general questions.

The next question addressed whether students had ever received an incorrect answer from
ChatGPT. A total of 30 responses were recorded, with all but one respondent indicating that they
had encountered such errors. Most responses referred not to isolated incidents but to recurring
inaccuracies. According to the majority, mistakes were most commonly made in mathematical
questions. Other reported problem areas included programming tasks, information retrieval,
computational theory, more complex or extended queries, overly specialized tasks, and logic
problems. Two particularly noteworthy opinions were shared:

o “For guite a large number of questions asked in Hungarian, it is better to ask in English. Or, if you are
not sure, it is worth asking the question again in a different way in a different chat window.”

o . I usually test with Canvas quizzes. Regardless of the subject, only about 50% of the questions are
answered correctly. So, you don't really know the theory at university level.”

Central-European Journal of New Technologies in Research, Education and Practice
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In the final question, students were asked to share their general opinion about ChatGPT. A total
of 26 written responses were received. The following selection summarizes the students’
perspectives:

o It is not suitable as a substitute for human work or art, but it can be good as a tool”

o "Overall, it has a raison d'étre, and humanity is moving forward, but it should not be expected to work
miracles, as "lay people think."

o "It is a good tool, but it is not a divine blessing, and it won't take away our work, thankfully."

o "It is a good thing, depending on what expectations one has for it. Entertainment? Perfect. Serious help or
learning? 1t is still far from it.”

® Tt can be useful help if one knows how to use it properly. However, it can be harmful if someone uses the
answers without interpretation.”

Based on the answers to the questionnaire, I think my students know and use ChatGPT, but they
know its limits. They do not yet think it can replace human thinking, but it is an excellent tool for
brainstorming or solving routine tasks.

4.2. AI Capability in Solving Homework

As a first step, homework assignments were attempted using the free version of ChatGPT. Initially,
ChatGPT 3.5 was utilized, which was later replaced by version 4.0. The homework tasks all
involved the creation of structograms. Among the assignments, some were solved correctly by
ChatGPT, while others were answered incorrectly.

A simple task involving only an array data structure was tested first. The assignment was: "Given an
array of n long integers, find the section of the array with the maximum possible sum. Create the most efficient (i.e.,
O(n)) solution!"

ChatGPT produced a broadly correct algorithm in C#, but was unable to generate a structogram.
Nevertheless, the code output could be highly useful for students completing such tasks. Based on
the style of some student submissions, it appeared plausible that ChatGPT had been used as
assistance.

Next, a more specialized task involving a stack data structure was tested. The problem was: "Given
a sequence of up to n long letters and "8' symbols, determine whether the sequence is mirrored — that is, whether it
can be decomposed into odd-length palindromic subsequences with the middle character being the only "#' in each.”

Initially, ChatGPT failed to solve the task. After providing both a valid example and a
counterexample, the model was able to generate a working solution, though it did not use a stack
as expected. The resulting solution consisted of 28 lines and multiple functions, in contrast to the
preferred 8-line, single-function approach. When explicitly asked to use a stack, the ChatGPT
model was significantly simplified and came closer to the expected solution, although the solution
remained incorrect. Through continuous refinement and feedback on the basis of errors, a working
version was ultimately generated (Figure 3), although it still differed from the preferred solution
(Figure 4). In this case, it was clear that students would not be able to complete the assignment
propetly using ChatGPT.
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ﬁmction IsMirrored(text): i
stack = Stack()
i=0
while i < length(text):
if text[i] != "&#':
stack.push(text[i])
else:
i+=1
while i < length(text) and text[i] != "#':
if stack.isEmpty() or stack.pop() != text[i]:
return "not mirrored”
i+=1
is+=1
if not stack.isEmpty():
return "not mirrored”
k return "mirrored” j
Figure 3: ChatGPT's answer
r ._- “.
( IsMirrored ( ):B
e
v :Stack(n)
isMirrored := True
read(r)
T #'#'
isMirrored A — v.isEmpty() A read(r)
v.push(r)
l isMirrored = (r=v.popl())
l return isMirrored A v.isEmpty()

Figure 4: The expected solution

In further experiments, similar limitations were observed. For tasks requiring specific data
structures such as queues or linked lists, ChatGPT often avoided using them in its initial responses.
However, with more targeted prompting — such as “Use he operations of a quene to determine the nth
row of Pascal’s triangle” or “1.1 and 1.2 are two-way cyclic lists containing strictly increasing numbers. Write a
function to return the intersection of these sets in a new list without modifying the originals” — more appropriate
implementations could be elicited.

A recurring issue was that ChatGPT's solutions tended to be significantly longer and more complex
than expected, often opting for iterative methods even when recursive solutions would have been
shorter and clearer.

In version 4.0, ChatGPT showed improved ability to generate structograms, although the format
still did not fully match the version taught in class. Figure 5 presents ChatGPT's solution to a
problem, while Figure 6 shows the expected version. These examples illustrate that although the

Central-European Journal of New Technologies in Research, Education and Practice
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solutions are not identical, one of ChatGPT’s major benefits is its ability to offer starting points
for students who may have no initial idea how to approach a problem.

HuffmanDecode(S:String,T:Node ):String | start |
m e eeeaeaaaa- +
p=T, mo:=""; =0 | Inputs |
i<S.Jength A T+0 | - Encoded text |
p->left=0 A p->right=0 | - Huffman tree |
T F e e "
mo:=mo+p->key Slil=0 | Initialize variables |
pi=T F | - current_node = root node |
p:=p->right | - decoded text = "" |
e +

return mo | Iterate through encoded text

I
- Loop for each bit: |
l

I
I +
| | If bit == '@’ 11
Figure 5: The expected solution | | current node = left | ]
| | child K
| dmemmmmm e + |
| | If bit == "1° [y
| | current_node = right | |
| | child i
[ S + |
| | If leaf node | |
| | decoded text += | |
| | current_node character | |
| | current_node = root Uy
I

| Output result |
| - decoded_text |

.............................. Y,

Figure 6: ChatGPT's answer
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4.3. Comparison Between Student and Al Solutions

An additional objective was to examine the similarity between students’ solutions and those
generated by ChatGPT. For this purpose, a particularly suitable exercise was selected:

"Given a general tree in linked binary representation, where keys are integers. Construct a recursive algorithm that
prints out one of the largest keys from each sibling group!”

The task could be approached in two ways: either iteratively or recursively, to identify the maximum
value among sibling groups. ChatGPT opted for an iterative approach, resulting in a relatively
lengthy solution, in contrast to a fully recursive alternative. The complexity of the task made it
likely that students would consider using ChatGPT as a source of assistance.

A total of 12 students submitted solutions to this task. Among them, 2 students (16.6%) produced
answers that matched ChatGPT’s solution. Six students (50%) adopted a partially iterative

approach, which differed from ChatGPT’s but shared a similar logic, while 4 students (33.3%)
submitted entirely recursive solutions.

Given that students prefer the iterative approach rather than the recursive one, it appears likely
that the 6 students who deviated from ChatGPT’s version were working independently. These
results suggest that while ChatGPT may serve as an initial source of inspiration or a brainstorming
tool, the majority of students appear to refine the ideas further and arrive at individual solutions
rather than directly copying the ChatGPT's output.

4.4. Effectiveness of Homework Redesign

Given that ChatGPT can be effectively used to solve homework assignments — provided that
sufficient patience and guidance are applied — attention was directed toward exploring ways to
eliminate the possibility of students completing such tasks with its assistance. To address this issue,
quizzes were developed and implemented using the Canvas platform. (Alternatively, similar quizzes
could be created using Moodle or any number of free online quiz-generation tools.)

In the quizzes, each task was presented alongside a partially completed graphical structogram that
students were required to fill in. (See Figure 8.) The creation of these tasks is not so time-
consuming, typically requiring only 10—15 minutes to edit.

As shown in the figure, the structogram provided to students was not entirely blank. To facilitate
clarity in completing the structogram, key elements such as the function header and variable names
were pre-filled. Experience in relevant courses indicates that many students struggle with
constructing correct headers. By embedding the correct header within the exercise, students are
repeatedly exposed to the appropriate format, allowing them to become familiar with it and practice
its application. This repetitive exposure supports improved performance when similar tasks appear
on formal assessments.

Central-European Journal of New Technologies in Research, Education and Practice
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T
ﬁet'ﬁ write a stuctogram that finds a supersource vertex in a graph with an adjacency matrix

representation!
Supersource (A/1:bit[n,n]):Z
A B: = A j= B
C
C: D: Alij] = 1
_ E
E F: E
ji=1
F and G
G: H
[ ji=j+1
| ) AN =
' H L= |
| and K
K L \ i ® j - ,
k= L [ skip
M: M M
N, N
return | ’ return -1

Figure 7: Example of modified homework

Homework assigned using this method proved significantly easier to evaluate, although full
automation of the correction process was not achievable. This limitation was primarily due to
inconsistencies in students’ use of spacing and capitalization.

Nonetheless, the correction process yielded valuable supplementary information. It became
possible to observe who attempted the assignment, how many times they engaged with it, and the
amount of time spent on each task. A notable number of students viewed the exercise without
submitting a solution. However, a marked increase in participation was observed compared to the
previous academic year, when no structogram outline was provided.

For Homework 1, 49 out of 66 students viewed the assignment and 23 submitted a solution,
resulting in a participation rate of 39.39%. In contrast, during the previous year, when students
were not given an algorithm framework, only 10 out of 61 students submitted solutions,
corresponding to a participation rate of 16.39%. A similar trend was evident for Homework 2: in
the current year, 41 out of 66 students accessed the task and 28 completed it, yielding a 42.42%
participation rate. The previous year’s data show that only 9 out of 61 students (14.75%) engaged
with the same task.

Although time-on-task data could not be directly compared with previous years, the current
analysis—based on 58 submitted solutions across three homework assignments—revealed an
average time investment of approximately 15 minutes per problem (see Figure 8). The largest group

Central-European Journal of New Technologies in Research, Education and Practice
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of students (17, or 29.31%) spent between 5 and 15 minutes, while 15 students (25.86%) completed
their tasks within 1-5 minutes, and 13 students (22.41%) required less than one minute. Notably,
a quarter of the students took longer: 10 students (17.24%) spent between 15 and 60 minutes, and
3 students (5.17%) spent more than one hour on their assighments.

Both the time spent and the number of completed solutions served as indicators of task difficulty.
As shown in Figure 9, Homework 1 emerged as the easiest, with an average completion time of
7.67 minutes. Most students completed it within 0—15 minutes, and none exceeded one hour.
Homework 2 presented a moderate challenge, with an average time of 15.52 minutes. Most
students required 5—15 minutes, and 2 students spent over an hour. Homework 3 was the most
demanding, requiring an average of 21.95 minutes; most students spent 15—-60 minutes, and one
student exceeded an hour. This task also received the fewest submissions.

/ TIME ALLOCATED FOR HOMEWORK ™ ( TIME ALLOCATED TO SPECIFIC TASKS -

> 60 min; 5%

<1 min; 23%

15-60 min; 17%

5-15 min; 29% 3500, 2026

<1min 1-5 min 5-15min  15-60min > 60 min

Figure 8: Time allocated for homework Figure 9: Time allocated to each task

Finally, students’ opinions were gathered through an anonymous online questionnaire (Figure 10),
completed by 10 respondents. Of these, 5 preferred the quiz-based version, while the other 5
favored the traditional format. The traditional homework was perceived as more difficult than the
quiz-based assignments. Among the textual responses, one stood out as representative:

“Tn quiz; tasks, you have to think less, because the extreme cases can already be guessed from the structogram skeleton;
you don’t have to figure out how many cases to handle or where. On the other hand, the downside is that if your
thinking doesn’t match the ‘expected’ logic, it can take a very long time to figure out the solution—even if you could
otherwise solve the task without assistance.”

Central-European Journal of New Technologies in Research, Education and Practice
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\ -H\\
ﬁ Which type of homework do you prefer? 2. Which type of homework is easier?
20% 20%
50% 50%

60%

@ Quiz (filling a blank stuctogram) (e.g. HF 1, HF2, HFS) ® Quiz (filling a blank stuctogram) (e.g. HF 1, HF2, HF 5)

@ Completely independetly-solved (no stuctogram * Completely inde_peude!l:.usolved (no stuctogram

frame) ( e.g HW3, HW4) frame) ( e.g HW3, HW4)

® They are equally difficult / I can't decide

Figure 10: Comparison of task types

5. Summary

Artificial intelligence is increasingly pervading our world, growing in popularity and being used in
more and more fields. Education should not be left out of this process, as our students belong to
the age group that is most easily to learn, like and use new tools. This was confirmed by a survey I
conducted among my second-semester students, aged 19-20. The survey shows that the students
like to try ChatGPT, almost all of them have encountered the limits of artificial intelligence, but it
is excellent for brainstorming.

Artificial intelligence is increasingly permeating various aspects of everyday life, gaining popularity
and finding applications in an expanding range of fields. Education should not be excluded from
this transformation, especially considering that students—typically aged 19-20 in early university
semesters—represent a demographic that quickly adapts to, enjoys, and readily adopts new
technologies. This trend was supported by the results of a survey conducted among second-
semester university students, which revealed that while students are eager to experiment with
ChatGPT and find it useful for idea generation, most are also aware of its limitations.

This study aimed to investigate the impact of the increasing presence of artificial intelligence on
education. Given the vast number of ways Al can be integrated into the educational process, the
scope of the investigation was limited to a specific area: homework completion. The primary focus
was to assess the extent to which students use Al tools, particularly ChatGPT, in solving assigned
tasks.

Initially, the ability of artificial intelligence to solve homework problems was examined. Particular
attention was paid to the similarity between Al-generated and instructor-expected solutions, and
to the comparative complexity of the outputs. The assignments in question involved algorithm
design, typically offering multiple valid solutions. While problems based solely on array data
structures were successfully handled by Al, more complex data structures such as stacks, queues,
or linked lists proved more challenging. Although these structures are recognized by the Al it tends
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to avoid using them, often opting instead for more elaborate array-based solutions. Additionally,
the Al tended to prefer iterative solutions, even in cases where recursive approaches would have
been more concise or easier. Nevertheless, ChatGPT proved highly effective in helping students
initiate problem-solving by providing ideas.

Subsequent analysis focused on the degree of similarity between student-submitted solutions and
those generated by ChatGPT. Findings indicated that only a minority of students reproduced the
AT’s output verbatim. However, a significant portion appeared to have used the Al’s suggestions
as a foundation for independently working through the problems.

In response to these observations, modifications were introduced with the goal of reducing the
likelihood of students directly submitting Al-generated solutions. One such measure involved the
creation of quizzes using the Canvas platform, wherein students were provided with partially
completed structogram templates. These templates required students to focus on logical
construction rather than starting from a blank slate. Though the creation of such quizzes required
only a modest time investment, their correction process proved more efficient compared to
traditional homework. Furthermore, quiz submissions included time-tracking, which offered
additional insights into student performance and indirectly reflected task difficulty.

The impact of these changes was then evaluated using performance data and student feedback.
Where applicable, comparisons were made to a previous cohort that had not received structogram
templates. Results demonstrated a nearly threefold increase in participation for quiz-based
homework relative to traditional assignments. This finding aligned with students’ feedback, which
indicated that tasks without provided scaffolding were perceived as more difficult.

In summary, artificial intelligence presents both challenges and opportunities in education.
Although its use will likely continue to increase, homework tasks can still be designed in ways that
exceed ADl’s current capabilities. In such cases, ChatGPT will not solve the homework problem,
but it will be a valuable tool to help students brainstorm. In other words, with careful design and
transparency in assignments, an Al application like ChatGPT can be effectively integrated into the
learning process.
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Gamification and Flipped Classroom in SQL Education

BALLA Tamas, KIRALY Sandor

Abstract. Developing algorithmic thinking is a key goal of secondary education; however, the
declarative nature of SQL requires a problem-solving approach that is significantly different from
imperative programming languages. This atticle examines the impact of combining a gamified learning
platform and flipped classtoom pedagogy on student learning outcomes in introductory SQL
instructionThe study involved 70 secondary school students aged 17—18 who were divided into an
experimental and a control group. The experimental group learned SQL at home using video-based
materials and prepared content, and then participated in interactive, game-based problem-solving
activities during class sessions, while the control group followed a traditional, teacher-led approach.
Student performance was assessed after four and eight weeks, and the results were analysed using
nonparametric statistical methods. The results show that the combined use of gamification and a flipped
classroom model significantly improves student engagement, motivation, and learning outcomes in
SQL-based problem solving. This study provides empitical evidence on the effectiveness of integrating
gamified learning environments and flipped classtoom pedagogy in secondary database education.

Keywords: educational games, flipped classroom, SQL, gamification

1. Introduction

Learning SQL (Structured Query Language) is widely considered a challenging and time-consuming
task for beginning learners, especially in secondary education. Several studies have shown that
students struggle not only with SQL syntax but also, more importantly, with the semantic and
logical aspects of query formulation, such as joins, nested queries, and aggregations, which often
leads to frustration or loss of motivation [1,2]. Unlike imperative programming languages, SQL is
declarative, meaning that students must specify what result they want, rather than how to calculate
it, which requires students to take a fundamentally different approach to problem-solving.

Although open-source database management systems (e.g., MySQL, PostgreSQL) allow for
independent practice, their feedback mechanisms are typically limited to basic syntactic validation.
Logical and semantic errors are often not handled by these environments, which can lead to the
reinforcement of incorrect mental models and ineffective problem-solving strategies among
beginners [3,4]. This limitation is particularly problematic in secondary education, where students
typically have no prior programming experience and need more explicit guidance and formative
feedback to develop correct conceptual understanding.

A variety of resources and tools have been developed to support SQL learning, including
textbooks, online tutorials, and educational games [5]. Interactive learning environments such as
SQL Island or SQL Murder Mystery offer engaging, problem-based experiences for learning SQL.
However, these tools are not always suitable for structured classroom use in high school. Similarly,
popular web-based platforms such as Codecademy or W3Schools offer step-by-step SQL tutorials,
but they lack pedagogical features that support educational models such as the flipped classroom,
such as teacher monitoring, differentiated instruction, and collaborative learning opportunities.

The flipped classroom (FC) model reorganizes traditional education by shifting the initial delivery
of content to students’ independent learning time, while classroom sessions are dedicated to active
learning activities such as problem solving, discussion, and feedback. Several studies have reported
the positive effects of this approach, including increased student engagement, deeper learning, and
improved performance in computer science and programming education [6,7,8,9]. By allowing
students to learn at their own pace and allowing teachers to focus on facilitation and individual
support during class, the flipped classroom model can be particularly effective in cognitively
demanding subjects. Indeed, recent research suggests that flipped learning environments better
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meet students’ needs for autonomy and competence compared to traditional classrooms,
contributing to higher motivation and independent learning.

Building on these findings, this study examines the integration of a gamified learning platform and
a flipped classroom methodology in secondary SQL education. Gamification — the incorporation
of game design elements (points, challenges, narrative, etc.) into non-gaming contexts to enhance
engagement [10] — has shown promise in motivating students and enhancing learning in a variety
of fields, including computer programming [11]. However, there is limited empirical evidence on
the combined use of gamification and flipped classroom strategies in secondary education. This
study aims to fill this gap by examining whether a gamified SQL learning platform, when used
within a flipped classroom framework, can improve student outcomes compared to traditional
instruction. The platform used in the research was specifically designed for educational use and
includes interactive lessons, automated SQL query evaluation, and educational mini-games based
on familiar fictional datasets. Over a year and a half, more than 1,200 users have registered on the
platform and used it to learn SQL in both formal and informal learning contexts.

The primary objective of the research is to determine whether such a platform can be effectively
integrated into classroom instruction using the flipped classroom model, and whether this
combined approach leads to better learning outcomes compared to traditional teaching methods.
Accordingly, the study seeks to answer the following research questions (RQs):

e RQ1: What are the main difficulties that students face when learning SQL?

e RQ2: Can a gamified educational platform be effectively applied in secondary education
within a flipped classroom framework to improve learning outcomes?

e RQ3: What are the key design elements of a SQL learning platform that supports the flipped
classroom model?

Based on previous research on flipped classroom pedagogy and gamified learning [7,12,13], we
hypothesized that students participating in an experimental, technology-supported learning
environment would perform better than those receiving traditional instruction at both
measurement points (after 4 and 8 weeks of learning). In the following sections, we first outline
the theoretical background of our study, then describe the research design and methods, present
the results, and discuss the findings in light of the existing literature on motivation, gamification,
and flipped learning.

2. Theoretical background

2.1. Student motivation and self-determination theory

Student motivation is a key factor in learning programming and database-related topics. The
challenge and complexity of SQL can undermine the intrinsic motivation of novice students, which
can lead to learning alienation if not addressed pedagogically [1]. Self-determination theory (SDT)
provides a useful framework for understanding how instructional strategies can support motivation
in such situations. According to SDT, individuals have three basic psychological needs: autonomy,
competence, and relatedness — and meeting these needs enhances intrinsic motivation and
engagement [14]. In an educational setting, autonomy refers to students’ sense of control over their
learning process; competence refers to feelings of efficacy and mastery of knowledge; and
relatedness refers to feelings of connectedness to others (peers and instructors) in the learning
environment. When these needs are supported, students are more likely to engage in learning for
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the intrinsic satisfaction rather than for extrinsic rewards, which can lead to deeper learning and
persistence.

Both the flipped classroom approach and gamified learning interventions can be analysed from a
self-knowledge development (SDT) perspective, as they can satisfy these three needs [15,16]. The
flipped classroom inherently provides greater autonomy to students: students can acquire
educational content (e.g., video lectures, readings) at their own pace and according to their own
schedule, thus giving them greater control over how and when they acquire essential materials [17].
This self-paced, student-centred structure has been associated with increased responsibility and
engagement in learning [17]. In the flipped model, classroom activities often emphasize active
problem solving, which can strengthen feelings of competence by providing timely feedback and
opportunities to apply knowledge. At the same time, personal interaction and collaborative
exercises in the classroom help satisfy connection needs by encouraging peer learning and closer
teacher-student interactions.

Gamification strategies can further enhance these motivational factors. By carefully designing game
elements around learning tasks, gamified environments can support autonomy through meaningful
choice and personalization [18]. For example, offering students optional challenges, alternative
paths, or the ability to customize aspects of their learning (such as choosing topics or personalizing
an avatar in the system) can create a sense of agency in their learning process. Gamification can
also enhance competence by breaking down learning into achievable goals and rewarding the
acquisition of knowledge. Elements such as points, levelling systems, badges, and progress markers
make achievements visible and provide immediate feedback, reinforcing students’ sense of
accomplishment as they solve problems [16]. It is important that these gamification elements are
aligned with educational goals — points and badges tied to trivial activities may have little lasting
value, but when they are rewarded for real learning progress, they can reinforce competence [18].
In addition, gamified systems often include hints, scaffolding, or adaptive difficulty to help students
succeed in otherwise overly challenging tasks, thereby gradually building their skills and confidence
[19]. Finally, gamification can foster connections by introducing social elements into learning.
Features such as leaderboards, team-based quests or competitions, and community discussion
forums can transform individual learning into a more sociable, connected experience [15,20].
Friendly competition or collaboration in game-based activities can increase interaction between
students, providing support and a sense of belonging. For example, team-level challenges or class-
level leaderboards recognize student efforts and create a shared sense of progress, which can
enhance social presence on an online learning platform.

Overall, basing the instructional design on self-directed learning (SD'T) means structuring activities
and tools in a way that makes students feel autonomous, competent, and connected to their
learning. In this study, both the flipped classroom model and the gamified SQL platform were
intended to complement each other in meeting these needs: the flipped model offers independent
learning and in-class support, while the gamified platform provides engaging challenges, feedback,
and social interaction. By integrating these approaches, we expected to create a learning
environment that inherently motivates students to invest more time and energy in learning SQL,
thereby improving their outcomes. This theoretical perspective provides a rationale for why the
intervention (a gamified, flipped SQL course) should result in better engagement and performance
compared to a traditional, lecture-based approach.
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2.2. Gamification in education

Gamification has become a popular technique in education to increase student engagement and
motivation by incorporating game-like elements into learning activities. These elements can include
point systems, achievement badges, leaderboards, narrative storylines, immediate feedback, and
rewards for progress [10]. The basic idea is to harness the appeal of games — such as the sense of
challenge, curiosity, and reward — and channel them toward educational goals. Previous research
has generally found that gamification can positively influence student attitudes and behavior. For
example, meta-analytic evidence shows that gamified interventions often increase students’
intrinsic motivation, as well as their sense of autonomy and connectedness, although their effects
on objective performance outcomes may be variable [18,21]. In higher education, gamification has
been linked to increased student engagement and time spent on task, as students are more likely to
practice skills repeatedly if a game context makes the process enjoyable [12,22].

In the specific areas of programming and database education, gamification strategies have shown
promise, but have also yielded mixed results, underscoring the importance of careful design. Some
studies have reported significant improvements in learning outcomes when game elements are
integrated. A study by [11] showed that adding game elements to programming courses increased
student engagement and acquisition of practical skills. On the other hand, not all gamification
efforts automatically result in better grades or test scores. Some research on advanced database
courses noted that although students valued gamified activities and reported higher motivation,
differences in test performance between gamified and non-gamified groups were not statistically
significant [24]. These mixed results suggest that the effectiveness of gamification depends on how
well the game mechanics are aligned with the learning content and whether they target underlying
motivational needs rather than providing superficial rewards.

It is important to distinguish gamification from full-fledged serious games. Gamification typically
involves adding unique game elements to an otherwise traditional learning process (such as
awarding points for answering quiz questions or using leaderboards to encourage competition),
while serious games are full-fledged educational games, often with their own, independent goals
and storylines [25]. In our study, the term “gamified platform” refers to an online learning
environment that includes certain game-like features and mini-games embedded in the SQL
curriculum, rather than a standalone SQL educational game. The platform used narrative themes
and interactive challenges to make learning SQL more engaging, but was still structured around
educational content and outcomes.

Recent developments in gamification research emphasize the importance of adaptive and social
features. Adaptability can prevent frustration or boredom by maintaining an optimal level of
difficulty, thereby supporting the need for competence. Social interaction through gamification —
such as collaborative quests or peer competition — can enhance relationships and be associated
with sustained engagement, especially in online or blended learning environments [20]. In our
context, by incorporating gamified SQL exercises filled with popular fictional topics and an online
discussion forum, we aimed to create a learning experience that felt less like a typical homework
assignment and more like a problem-solving adventure, without sacrificing pedagogical rigor. This
approach builds on previous work such as [26], who showed that using gamified SQL challenges
(with immediate feedback on errors) helped students learn from their mistakes more effectively
than in a non-gamified environment. Overall, the literature suggests that a well-designed gamified
environment can increase engagement and provide motivational support, which in turn can lead to
better practice and ultimately skill development. The current study examines whether these benefits
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hold true for high school students learning SQL and how gamification can work in conjunction
with a flipped classroom strategy.

2. 3. Flipped Classroom in Computer Science Education

The flipped classroom (FC) model, also known as the inverted classroom, is a pedagogical
approach in which direct instruction (lectures, presentations of basic concepts) occurs outside of
class time — usually through videos or readings — while class time is dedicated to active learning
activities such as exercises, labs, discussions, and projects. This model essentially “flips” the
traditional order of instruction, so that students first encounter new material independently and
then spend class time practicing and interacting to deepen their understanding [27,28]. In computer
science and engineering education, the flipped classroom has gained popularity as a means of
promoting active learning and accommodating students’ diverse scheduling needs [9,29]. By
allowing students to review lecture content at home at their own pace (pausing, rewinding, or
reviewing difficult sections of the video), the flipped model supports students who may need more

time with new concepts while freeing up valuable class time for hands-on work and individual
feedback.

Empirical studies have documented several benefits of flipped classroom teaching in computer
science courses. Nouri found that a flipped classroom approach to a course led to increased student
engagement and satisfaction, as students valued the flexibility and interactive classroom
environment [7]. [9] showed that combining flipped classtoom teaching with contemporary
teaching techniques in a programming course significantly improved students’ conceptual
understanding and success rates. These improvements are often related to the fact that instructors
can spend time addressing misconceptions, guiding practice, and facilitating collaboration, rather
than spending most of their time lecturing. A systematic review [6] similarly concluded that flipped
classroom teaching generally produces neutral to positive outcomes, with several studies reporting
better academic performance or skill development in the flipped model compared to traditional
lectures. Key benefits include allowing students to learn at their own pace, promoting active
participation, and providing instructors with greater freedom to adapt to individual student needs

[31].

In the context of secondary education and database education, the flipped classroom model seems
particularly relevant, as students often struggle with abstract concepts and find guided practice
helpful. SQL syntax and query logic can be introduced through tutorial videos and readings that
students review as homework, ensuring that they come to class with a basic understanding. Class
time can then be used to solve SQL problems, either individually or in groups, with the teacher
acting as a facilitator who can provide hints, answer questions, and resolve misunderstandings on
the spot. This arrangement is likely to prevent students from getting stuck for long periods of time
(which can happen when they practice alone without assistance) and to reduce passive learning.
Moreover, as Avakyan and Taylor highlight, the flipped model can create a learning environment
that is more supportive of autonomy, which in turn has a positive impact on students’ motivation
and self-esteem [17]. In a reverse SQL course, for example, students may feel more responsible for
their learning because they are required to take responsibility for learning the basics at home and
then apply those basics in class in a supportive, interactive environment.

Despite its advantages, implementing the flipped classroom approach can also come with
challenges. It requires reliable access to outside-of-class materials, as well as a certain level of self-
regulation on the part of students to prepare in advance. Teachers also need to carefully plan lesson
activities that are consistent with the pre-class content and truly take advantage of in-person
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presence. In our study, we mitigated these challenges by providing all students in the experimental
group with high-quality multimedia learning materials (videos and written tutorials) on the SQL
platform, and tightly integrating these materials with gamified exercises completed in class. We held
students accountable for their preparation with the expectation that they would tackle in-class SQL
challenges based on the homework content. The platform’s tracking tools allowed the teacher to
see which students had watched the videos or attempted the practice exercises, which helped with
accountability.

2.4. Integrating gamification with the flipped classroom

There is growing interest in combining gamification and flipped classroom methodologies to
leverage the strengths of both. In flipped environments, students spend more time on independent
learning and often use online platforms for this purpose — creating opportunities to gamify the
learning process outside of the classroom to maintain motivation. At the same time, gamified
activities can be incorporated into classroom sessions to engage students in practicing skills. Recent
studies suggest that these approaches can effectively complement each other. [15] found that a
gamified system used in conjunction with a flipped classroom led to better student performance
and satisfaction compared to a non-gamified flipped course, suggesting a synergistic effect.
Similarly, [20] examined competitive and cooperative gamification in a flipped classroom context
and observed improvements in learning outcomes in both cases, although the dynamics of student
engagement were different (cooperative game elements resulted in greater peer support).

Theoretically, integrating gamification into a flipped model can enhance the fulfilment of self-
determination and learning needs. The flipped model already inherently supports autonomy and
competence; adding gamification can introduce immediate feedback, milestones, and social
interactions that further enhance competence and engagement. For example, while a flipped
classroom video can give students autonomy over scheduling, a gamified platform can give students
a sense of progress (through points or levels earned by completing video quizzes or exercises) and
a sense of being part of a community of learners (through features such as viewing classmates’
progress or participating in discussion forums). In other words, gamification can help engage
students during the solitary phase of learning (at home) and prepare them to arrive at classes
prepared and motivated. In class, these same game elements — such as teamwork or problem-
solving games — can make the active learning phase more enjoyable and engaging, potentially
reducing anxiety about difficult topics by placing them in a playful context.

In our instructional design, we used the gamified SQL platform as a central resource for both out-
of-class preparation and in-class activities in the experimental (flipped) group. Students watched
instructional videos and read lessons on the platform at home and earned points or badges for
completing pre-class assignments. During class, they engaged in a guided environment with the
platform’s interactive SQL task sets and educational games, working on challenges that included
narrative and playful elements. This approach is consistent with previous research
recommendations that emphasize motivating students to prepare and making in-class practice
stimulating [13]. By examining the results of this approach, our study contributes to our
understanding of how gamification and flipped classtooms can be implemented together in a high
school IT course. Based on the literature reviewed above, the expectation was that the gamified
flipped classroom would create a highly motivating environment, leading to better learning
behaviour (more practice attempts, persistence in problem solving, collaboration) and ultimately
better mastery of SQL concepts, compared to a traditional classroom without these elements.
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3. Methods

The study employed a quasi-experimental research design with two groups: a control group and an
experimental group. The design aimed to examine the effectiveness of a gamified educational
platform integrated with a flipped classroom methodology compared to a traditional educational
approach. Both groups covered the same curriculum content and learning objectives during the
study period; the main difference was in the educational approach and tools used. While the control
group received traditional, teacher-centred instruction (traditional lectures in class and paper-based
or standardized digital exercises), the experimental group participated in a technology-supported,
student-centred learning environment based on flipped classroom principles and gamified
activities. Due to practical constraints in the school setting, a true random assignment of students
to groups was not feasible (classes were created by the school administration). However, the groups
were found to be equivalent in terms of their prior academic performance in the pre-study analysis
(see Participants section), confirming the internal validity of the group comparisons.

The intervention lasted for a total of eight weeks. During this time, all students attended SQL
lessons three times a week as part of their regular I'T/computer science course. The course content
was an introduction to relational databases and SQL queries, in line with the national curriculum
for secondary IT. Both control and experimental lessons were taught by the same teacher (who
was not the author of the study) to eliminate teacher-specific effects. To minimize teaching bias,
the teacher was instructed to adhere to the approach assigned to each group: in the control group,
to use traditional teaching methods (explaining concepts in class and giving practice tasks in class
or as homework without the gamified platform), and in the experimental group, to act as a
moderator in the lesson while the students engaged with the SQL learning platform.

We identified two primary measurement points to assess learning outcomes: one at midterm (after
four weeks of instruction) and one at the end of the intervention (after eight weeks). At each of
these points, students completed an SQL knowledge assessment under controlled conditions. We
chose a midterm assessment to capture eatly effects of the intervention, and a final assessment to
measure cumulative learning. Using multiple time points also allowed us to examine whether the
experimental approach had a lasting effect over the course of the course, or whether initial benefits
disappeared or increased by the end.

Ethical considerations were also taken into account: students and their guardians were informed
that two different teaching methodologies were being used in order to innovate education. All
participants consented to their (anonymized) performance data being used for research purposes.
No student was disadvantaged in terms of grade by not being in either group, as the study
assessments were consistent with normal course assessments, and all students ultimately had access
to the same core material (albeit presented differently). After the study, students in the control
group were given access to the platform and materials for their own development, to ensure...

3.1. Participants

Participants were 70 high school students in the 11th grade of a public high school. They were
between 17 and 18 years old. The sample was drawn from two parallel classes taught by the same
teacher and were assigned to the control group (n = 35) and the experimental group (n = 35),
respectively. There were 5 girls and 30 boys in each group, reflecting a gender distribution of 10
girls and 60 boys (approximately 14% gitls).
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To ensure that the two groups were comparable in terms of academic ability and prior familiarity
with the relevant material, we collected data on each student’s prior academic performance in
computer science (IT) courses. Specifically, we obtained the students’ final grades from their IT
classes in the previous school year from school records. In the local grading system, these grades
were on a scale of 1-5 (with 5 being the highest grade, corresponding to an “A”). The distribution
of prior IT grades was very similar between the two groups. We performed a chi-square test of
independence to compare the distribution of grades, and this revealed no statistically significant
difference between the experimental and control groups in their prior performance y*(df =
2,N=70) = 0.71,p = 0.70. This suggests that the groups were academically equivalent in
terms of relevant background knowledge at the start of the SQL course. Furthermore, participants
in neither group had prior experience with SQL or any formal programming courses. This was
confirmed by a preliminary questionnaire, as well as the fact that the school's curriculum only
introduces programming concepts in grade 11, so this SQL course was the students' first encounter
with writing code-like queries.

3.2. Learning environment

The educational platform used in the experimental group was developed to support the acquisition
of SQL in a formal educational context. It was a web-based portal that students could access from
any computer connected to the Internet. The content on the platform was organized into chapters
and lessons, following the order of the topics in the SQL curriculum (for example: introduction to
SELECT queries, filtering with the WHERE function, aggregate functions with the GROUP BY
and HAVING functions, joining tables, nested queries, etc.). Three lesson formats were
implemented on the platform:

e Content-only lessons: These lessons provided instructional material (text and/or video) that
did not require immediate action from students. They were similar to digital lecture segments
ot textbook sections.

e Practice lessons: These consisted entirely of interactive tasks or problems with no new
explanatory content. They were designed to reinforce previously learned concepts.

¢ Blended lessons: These included a mix of explanatory content and interactive exercises. For
example, a blended lesson might introduce a concept with a short text or video, then present
some SQL exercises that the student can solve immediately, followed by more content.

The tutorials on the platform were presented using a variety of media to accommodate different
learning preferences. This included written explanations of concepts (often accompanied by
examples and visuals, such as simple entity-relationship diagrams or concept maps), as well as short
video lectures that demonstrated how to formulate queries or explained conceptual points. The
platform also provided additional resources, such as quick reference guides (e.g., a summary of
SQL syntax) and links to thematic content to pique interest (e.g., a blog post on how SQL is used
in movie data analysis, related to the topics of the platform’s datasets). All materials were available
in PDF format (for offline reading or printing) and as on-screen content.

A key feature of the platform was its automated SQL evaluation engine, which allowed students to
write and run SQL queries within their web browser and receive immediate feedback. Each
interactive task in the lessons included a prompt (usually a question requiring an SQL query as an
answet, e.g., “Get the names of characters who have won more than 3 awards”) and a database
interface where students could enter an SQL query. Under the hood, the platform executed the
student’s query using a limited database user account on a server that had access to a predefined
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database (populated with data related to the problem). If the query was successfully executed, the
system compared the result set of the student’s query with the result set of the correct query (the
reference solution) provided by the instructor. If the two result sets matched exactly (i.e., the
student’s query returned exactly the correct records and fields), the task was marked as successfully
completed. If there was a discrepancy — either because the query was syntactically incorrect or
because it was logically incorrect (returning incorrect data) — the system provided feedback.
Feedback for logical errors was informative, indicating the nature of the discrepancy (for example,
“Your result contains 5 records, but the expected result is 7 records; it appears that some elements
are missing” or “Your result contains an unexpected extra column”). This mechanism ensured that
solutions were evaluated based on semantic correctness (the correctness of the query result), not
just syntactic form. Students were allowed to attempt each query task multiple times, and the
platform tracked their attempts and errors, allowing them to iteratively learn from their mistakes.

To support student motivation and engagement, the platform incorporated several gamified
elements: - Narrative Context: Many problems were framed by a story or scenario, often drawn
from popular fictional universes. For example, one dataset was based on Harry Potter (with tables
like Wizards, Spells, etc.), and another was based on Star Wars, making the queries more
entertaining (e.g., “Find all Jedi who trained more than one apprentice”). This narrative approach
was intended to increase interest and give the tasks a sense of purpose. - Thematic Educational
Mini-Games: The platform offered three main mini-games to practice SQL concepts using the
fictional datasets above. One was a matching game (a memory card flipping game) where students
had to match SQL expressions with the correct results or descriptions. The second was a gallows-
style quiz where students guessed keywords for SQL commands or functions by selecting letters,
reinforcing SQL terminology. The third was a unique board game integrated into the platform
where students moved around a game board by writing correct SQL queries to “unlock” each step
or overcome virtual obstacles. These games were available exclusively to students in the
experimental group and were introduced gradually as the lesson covered relevant concepts (for
example, the board game could be used to practice JOIN queries in a later chapter). - Visual
Progress and Rewards: The platform displayed a progress dashboard for each student, showing
how many lessons and tasks they had completed, their current score, and any badges they had
earned. Badges were awarded for milestones such as completing a chapter, solving a certain number
of problems without errors, or contributing to the discussion board. Although these points and
badges did not count towards students’ course grades, they provided external rewards and goals
that could increase engagement. A leaderboard (visible only to the class) displayed anonymized
rankings based on points, fostering a friendly competitive spirit. - Discussion forum
(communication tool): An integrated discussion system (called “Chat”) allowed students to ask
questions and discuss SQL problems outside of class. This forum was moderated by the teacher.
For example, students could post if they were having difficulty with a homework assignment or
wanted clarification on a concept in a video, and either their peers or the teacher could respond.
This feature was intended to increase connections and peer learning, so the platform became not
just a practice tool but also a community space. It supported collaboration by allowing students to
help each other and the teacher to provide further guidance asynchronously.

Together, these features significantly differentiated the experimental group's learning environment
from the control group. The control group used a traditional structure: the teacher often
demonstrated SQL queries on a projector, students practiced on paper or using a basic database
tool, without advanced feedback (e.g., running queries in MySQL Workbench and manually
checking the results), and there were no game elements or online progress tracking. In contrast,
the experimental group's learning was built around an interactive platform, both at home and in
class, that provided immediate feedback, game-based practice, and continuous progress tracking.
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3.3. Implementing the flipped classroom model

In the experimental group, the flipped classroom methodology was implemented by shifting the
initial acquisition of new content to students’ independent learning time, primarily through the
platform described above. At the beginning of each week or each major topic, students in the
experimental group were given specific lessons on the platform that they had to complete before
starting the lesson covering that topic. These pre-lesson assignments typically involved watching
one or more short video lectures (5-15 minutes each) and reading the accompanying notes or
examples, followed by a few simple review questions on the platform to ensure basic
understanding. The platform supported multiple content formats (text, video, images), and all
students had access to the content in at least one format (if a student had limited internet access at
home to view the videos, they could use, for example, PDF notes). This approach allowed students
to prepare for class sessions at their own pace, review difficult concepts as needed, and take notes
to address any questions they had.

In subsequent class discussions, instead of lecturing on the basics, the teacher briefly reviewed the
main points of the preparatory materials (often in a question-and-answer format, measuring
understanding) and then moved directly to active learning activities. Class time was dedicated to
interactive problem-solving using the platform’s exercises and games. For example, after a brief
summary of a video on JOIN operations, students logged into the platform and began working on
increasingly challenging SQL exercises that required table joins, perhaps culminating in an SQL
board game that integrated multiple join exercises into a fun scenario. The teachet’s role during
class was to moderate these activities: he or she walked around, monitored students’ progress on
the platform in real time (the platform’s teacher interface allowed him or her to track which
exercises each student had solved or where they were stuck), and provided assistance when needed.
If the teacher noticed common errors (e.g., many students were struggling with a particular concept,
such as the difference between WHERE and HAVING in aggregate queries), she paused the lesson
to address the problem, perhaps with another example or tip, before letting the students continue.
In this way, the teacher provided differentiated instruction — students with an advantage could
continue to overcome the next challenges or help their peers, while those who were struggling
received timely intervention.

The platform’s tracking features proved valuable in the inverted model. The teacher could identify
which students had not completed their pre-class assignments and could encourage them or
provide additional support. In class, the teacher could see metrics, such as how many times a
student attempted an assighment or which error messages were the most common, so they could
provide targeted feedback (e.g., “I saw a lot of you getting an error about a missing GROUP BY
clause — remember, when using aggregate functions with non-aggregated columns, a GROUP BY
is required...”). This immediate, data-driven insight is one of the benefits of integrating technology
in the inverted model, which would be difficult to achieve with paper-based homework.

Another aspect of the flipped classroom implementation was to foster a culture of collaboration
and communication among students. The experimental group was encouraged to discuss problems
with each other during class (while still ensuring that each student wrote their own SQL query for
individual learning). An integrated discussion forum (DISCUSS) was also used: the teacher would
sometimes add a content-related question to the forum to spark curiosity (e.g., “Can anyone give
us a scenario where we need a query within a query? We'll talk about that in the next class.”).
Students began using the forum to help each other with homework questions or to share interesting
findings (e.g., one student posted an alternative SQL solution he found for a problem, which the
teacher then discussed in class to show that there could be more than one correct query). This peer
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interaction contributed to the flipped model by keeping students engaged in the curriculum
between classes.

In summary, the experimental group’s flipped classroom implementation included: pre-class
preparation through gamified platform content; active learning within the class, supported by
interactive exercises and games on the platform; continuous feedback and teacher monitoring; and
facilitation of collaboration through face-to-face and online discussions. The control group, in
contrast, followed a more traditional path: the teacher introduced each new SQL concept through
in-class lectures and demonstrations on a whiteboard or projector, and then students practiced the
tasks provided by the teacher in class (individually, with teacher assistance if possible) or as
homework. The control group did not use the SQL platform at all; all their digital practice was
done using standard database software, without gamification or automated feedback beyond basic
error messages. The teacher in the control group spent more time lecturing and had to manually
check or discuss answers to tasks during class or after homework was collected, which meant that
feedback was less immediate and practice was less student-driven.

3.4. Evaluation and data collection

Student learning outcomes were assessed using two standardized SQL assessments administered at
the midpoint and end of the 8-week intervention. These assessments were developed by the
researchers (in collaboration with the teacher) to closely align with the curriculum covered to each
point and to be fair to both instructional approaches. Each assessment consisted of a series of SQL
tasks that students had to solve by writing correct SQL queries, as well as a few short, conceptual
questions (multiple-choice or short-answer) that tested their understanding of SQL concepts and
terminology.

e Assessment 1 (Week 4): This test was administered after four weeks of instruction. It focused
on the core topics taught in the first half of the course: basic SELECT-FROM-WHERE
queries, simple filter criteria, using functions and expressions in SELECT, aggregate
functions (SUM, AVG, COUNT, etc.) combined with GROUP BY, and filtering aggregate
results with the HAVING function. To test conceptual understanding, questions were also
asked about interpreting query results and understanding how specific queries work.

e Assessment 2 (Week 8): This test was given at the end of the course (after eight weeks). It
covered the more advanced topics covered in the second half: joining tables INNER JOIN,
and possibly simple use of LEFT JOIN/RIGHT JOIN), nested subqueties (both in
WHERE clauses and as derived tables), and some basics of database definition and
management (simple DDL/DML commands, such as create table or insert record, as these
were a smaller part of the course material). However, the majority of the assessment focused
on writing and understanding queries involving multiple tables and nested logic, as these are
often the most challenging parts of learning SQL.

Both assessments were administered under exam conditions, during regular classroom hours. To
ensure consistency, the assessments were administered on computers in a MySQL database
environment for all students. All students were given the same database schema and data related
to the problems (the schemas were analogous to those they had seen before, but with some new
content to avoid mere memorization). They were required to write SQL queries to achieve specific
results and were given a fixed time to complete all tasks (both groups had 45 minutes for
Assessment 1 and 60 minutes for Assessment 2, reflecting the greater complexity of the second
test). Students in both groups completed the assessments on computers (even the control group,
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which ensured impartiality, as typing the queries on one interface meant the same way for everyone
and prevented SQL syntax problems with pen and paper). The control group’s environment did
not provide platform tips or feedback during the test — it was a limited mode where they could
only run queries and see the output or an error if the query was invalid. The experimental group
also did not have the platform’s gamified help during the test; it was important that the testing
scenario was the same for both groups to ensure a valid comparison.

For each test, student performance was recorded as a percentage score (the number of points
earned out of a possible score). Query tasks were scored in an automated or semi-automated
manner: correct queries that returned the expected result were given full credit, while incorrect
queries were manually checked to assign partial points if necessary (for example, if a student wrote
a query that was logically correct but contained a minor error, such as a missing condition, they
could be given partial points). Multiple-choice or short-answer questions were scored automatically
or based on a clear rubric. The evaluator (not the regular teacher, to avoid bias) was unaware of
the group to which the student belonged, using anonymous student identifiers.

In addition to performance scores, the platform also logged extensive interaction data from the
experimental group over 8 weeks. These logs included: how many attempts each student made on
each task, which tasks they completed successfully and which they had difficulty with, how much
time they spent on the platform outside of class, and what types of errors they frequently
encountered (e.g., syntactic errors vs. logical errors such as using the wrong conditional). Although
the primary focus of the study is on quantitative performance outcomes (test scores), this
qualitative interaction data was collected to aid in the interpretation of RQ1 (difficulty experienced
by students) and to provide insight into student engagement. For example, a high number of
attempts on a particular type of task may highlight a challenging concept, and frequent use of the
help/assistance feature may indicate where students felt least competent.

Before performing any inferential statistical analysis on the test results, we checked the distribution
of scores for normality. Using Shapiro-Wilk tests and QQ plot tests, we found that the distribution
of scores deviated from normality (which is common in educational data, often with small sample
sizes and possible ceiling effects). Therefore, we chose nonparametric statistical methods for
comparing groups. The primary analysis used the Mann-Whitney U test to compare the scores of
the control and experimental groups at each assessment. The Mann-Whitney U test is suitable for
comparing two independent samples when the assumption of normality is violated; it examines
whether the rank order of scores is significantly different between groups.

In addition, the effect size of group differences was calculated using Cliff's delta. Cliff's delta is a
nonparametric effect size measure that indicates the probability that an individual randomly
selected from one group will score higher than an individual randomly selected from the other
group, minus the inverse probability. It is well suited for ordinal or nonnormally distributed data
and complements the Mann-Whitney test by providing a sense of the magnitude of the differences
[33]. Cliff's delta was interpreted using common reference values, where approximately 0.33, 0.47,
and 0.63 correspond to small, medium, and large effect sizes (in absolute terms) [33]. Cliff's delta
was chosen over parametric effect sizes such as Cohen's d because the latter can be misleading in
highly nonnormal data and small sample sizes (our standard deviation, where relatively small given
scores were percentages, could inflate d).

All statistical analyses were performed using R version 4.3.1. An alpha level of 0.05 was used for
hypothesis testing. The results of the statistical tests are reported in the following section. In the
analysis, we examine RQ1 by summarizing the observed difficulties (based on both the test
performance of the experimental group and the platform data), and RQ2 by examining the
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differences between the results of the experimental and control groups. RQ3 is examined by
examining which design elements of the platform (as described in the Learning Environment)
contributed to the observed improvements, based on both the quantitative results and qualitative
observations during the intervention.

4. Results

4.1. Students' difficulties in learning SQL (RQ1)

To answer the first research question (RQ1), we analysed students’ interactions with SQL learning
content to identify the main difficulties and challenges they faced. This analysis relies primarily on
data from the experimental group (as the platform recorded detailed information), but we also
consider the performance of the control group on certain exam questions to triangulate the main
pain points.

Platform Challenge Data: Log data from the gamified platform showed that the most challenging
SQL concepts for students in the experimental group were nested queries and certain types of self-
join operations. These tasks typically required students to attempt multiple times before arriving at
the correct solution. For example, in a lesson on subqueries, 80% of students needed more than
one attempt to correctly write a query that used a subselect in the WHERE clause. Similarly, a self-
join task (where a table had to be joined to itself to compare records) had one of the highest average
attempts per student, and many students used the platform’s “Help” hints for that task. In contrast,
purely syntactic errors (such as forgetting a comma between selected columns or misspelling an
SQL keyword) were relatively rare, and when they did occur, students typically corrected them after
a failed run, thanks to the platform's error messages that pointed out the problem. This suggests
that logical and conceptual barriers (understanding how to structure a complex query) were a
greater obstacle than basic syntax for most students.

The difficulties with nested queries and self-joins are consistent with well-documented challenges
in teaching SQL. These topics require knowledge of multiple layers of query processing and
relationships within data, which beginners often find abstract. Previous studies have similarly noted
that students have difficulty reasoning about multi-table and multi-step queries [1,2]. Our
observations are consistent with these findings: as the complexity of the task (from single
SELECTS to JOINS to nested SELECTS) increased, the number of errors made by students also
increased. For example, in the first two chapters of the platform (which covered basic SELECT's
and simple WHERE clauses), the average student made only about 2-3 errors in total. For the
chapter introducing nested queries (Chapter 3), the average student made about 3.5 semantic errors
in the tasks in that chapter alone. However, these error rates were still moderate. We attribute the
relatively low error rate (in absolute terms) to several supportive features of the learning
environment: students had access to explanatory content while completing tasks, they could get
guided help with tasks using the Help button, and the immediate feedback on their queries (e.g.,
indicating whether the result set contained too few or too many rows) helped them debug their
own queries. Furthermore, because the exercises were completed by the experimental group during
class, students had the opportunity to ask the teacher questions as soon as they realized they were
stuck, which likely prevented frustration from building up.

The error patterns indicate specific conceptual confusions. A common problem was
misunderstanding the scope of nested queries — some students wrote a subquery that
unintentionally depended on the wrong values in the outer query, leading to incorrect results.
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Others had difficulty deciding when to use a subquery instead of a JOIN to complete a task. We
also saw that some students struggled with the concept of grouping and filtering aggregate results
(confusing the use of HAVING and WHERE). However, after feedback and practice, most
students overcame the HAVING/WHERE confusion by the final assessment, while a minority of
students’ proficiency in nested queries remained somewhat uncertain even by week 8.

Test Performance Indicators: The control group’s performance on some test questions reflected
the above difficulties. At Assessment 1 (Week 4), both groups performed fairly well on simple
query tasks, with average scores on these questions reaching around 80%. At Assessment 2 (Week
8), which also included a challenging embedded query problem, item analysis showed that only
around 40% of students in the control group solved the embedded query correctly, compared to
around 60% of students in the experimental group. Neither group found it easy, but the higher
success rate of the experimental group suggests that additional practice and feedback made a
difference in this difficult concept. Meanwhile, an easier JOIN question was solved correctly by
the majority of both groups (over 85% in both groups), indicating that basic JOINs were mastered
by most students regardless of group by the end of the course (probably because the control group
teacher also emphasized practicing joins, given their importance).

In summary, the findings of RQ1: For students learning SQL in this context, the main challenge
was complex query constructs, especially nested queries and self-joins, and the nuanced use of
grouping and aggregation. Students were generally able to overcome simpler syntax and single-
table queries with practice. These results confirm that pedagogical attention should be focused
specifically on multi-step query problem solving. The data also suggest that timely feedback and
guided support (such as hints and partial tasks) can alleviate, but not completely eliminate, these
difficulties.

4.2. Students' difficulties in learning SQL (RQ2)

To examine the differences between the learning outcomes of the experimental and control groups
(RQ?2), we first present a summary of the descriptive statistics of the two assessments, followed by
the results of our statistical tests (Mann—Whitney U and effect size calculations).

Table 1 below shows the range, mean, and standard deviation (in percentage points) of students'
scores for each assessment in both groups:

Assessment 1 (Week 4) Assessment 2 (Week 4)
Group
Range Average SD Range Average SD
Control 50-88 72 0.10 60-88 72 0.07
Expetimental 68-100 86 0.08 67-100 88 0.10

Table 1: Descriptive statistics of the assessment results (%0)

As shown in Table 1, at both measurement points, the experimental group achieved higher mean
scores than the control group. After four weeks, the experimental students had a mean score of
86%, compared to 72% for the control group. After eight weeks, the experimental group had a
mean score of 88%, compared to 72% for the control group. The score ranges also indicate that
the highest-performing students in the experimental group achieved perfect or near-perfect scores
(some students achieved 100% and the upper limit of 90 points), while the highest scores in the
control group reached the upper limit of 80 points. The lowest scores in the experimental group
were significantly higher than the lowest scores in the control group at the first assessment (68 vs.
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50), suggesting that fewer students in the experimental situation struggled initially; for the second
assessment, the minimum scores were closer to each other (67 vs. 60).

These descriptive results already suggest a significant performance advantage in favor of the
experimental (gamified, flipped classroom) approach. To test the significance of these differences,
we applied a Mann—Whitney U-test to each assessment:

e Week 4 Comparison: The Mann—Whitney test showed a statistically significant difference
between the two groups after four weeks of training, U = 370.50, Z = -3.11, p = 0.002 (two-
tailed). The direction of the difference was such that the experimental group's scores were
significantly higher. In terms of the median test values, the experimental group's median
score was approximately 0.88 (88%), while the control group's median was approximately
0.71 (71), normalized to a 0—1 scale, confirming this difference.

e Week 8 Comparison: The difference remained significant at the end of the eight-week period.
At assessment 2, U = 393.50, Z = -2.82, p = 0.005, indicating that the experimental group
again outperformed the control group by a statistically significant margin.

Thus, the hypothesis that technology-supported flipped classrooms lead to better learning
outcomes than traditional instruction is supported by data from both measurement points. The
consistency of the effect at weeks 4 and 8 suggests not only an initial advantage but also a
maintenance of the advantage over time — the experimental group not only gained an advantage at
the start, but maintained this lead throughout the course.

To more fully illustrate the group differences, Figures 1 and 2 show the distribution of scores for
each group for Assessments 1 and 2. (In practice, these were box plots showing the median,
interquartile ranges, and any outliers; for brevity, these are presented here.) In the score distribution
at week 4 (Figure 1), the median for the experimental group is clearly higher than that for the
control group, and the interquartile box for the experimental group lies entirely above the median
of the control group distribution.
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Figure 3: Differences between the two groups after the fourth week

By week 8 (Figure 2), we see a similar difference; while the control group showed improvement
from week 4 to week 8 (their average remained at 72, but a few individuals improved, narrowing
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the distribution slightly), the experimental group's distribution also shifted upwards. There were
some low-performing students in the control group, whose results were at the lower quartile around
the 60% mark, while the lower quartile of the experimental group was around the 80% mark. These
visualizations underscore the stronger overall performance achieved under the experimental
conditions.
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Figure 4: differences between the two groups after the eighth week)

In addition to statistical significance, we assessed the practical significance of the observed
differences using Cliff-delta. For assessment 1, the Cliff-delta was —0.36. For assessment 2, the
Cliff-delta was also —0.36 (coincidentally, the same value to two decimal places). The negative sign
indicates that scores in the experimental group are generally higher than in the control group
(according to the definition of our calculation, we considered the experimental minus the control
in the ranking). In terms of magnitude, |—0.36| corresponds to what is typically considered a large
effect size in educational interventions. A Cliff-delta of —0.36 can be interpreted as follows: if we
randomly select one student from the experimental group and one from the control group, there
is a 36% greater probability (than 50/50 chance) that the expetimental student will achieve a higher
score than the student in the control group. In other words, about 68% of the time, the
experimental group student outperforms the control group student in such random pairings. This
significant effect is consistent with the raw score differences and highlights that the intervention
had a significant impact on learning outcomes, not just a statistically significant one.

The combination of Mann—Whitney results and effect size measurement provides strong evidence
that the combination of flipped classroom instruction and gamification (experimental treatment)
was more effective in promoting SQL learning than the traditional approach (control). These
results directly answer question 2, showing that yes, a gamified educational platform can be
effectively applied in secondary education within the context of flipped classroom instruction,
resulting in improved student performance on both midterm and final assessments.

4. 3. Thoughts on platform design elements (RQ3)

The third research question (RQ3) asks about key design elements of a SQL learning platform that
support the flipped classroom model. Although RQ3 cannot be answered with a single statistical
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comparison, we can draw conclusions from the successes and feedback of the experimental group
about which features of the platform and approach were most effective.

From the above results, we know that the experimental group achieved significantly better results.
We attribute this success to several interrelated components of the intervention:

Immediate feedback and error diagnosis: The automated query-assessment system provided
students with immediate feedback on their attempts. This likely helped them learn from their
mistakes more effectively than the control group, who may have had to wait for the teacher
to review their queries. The fact that experimental students made fewer persistent errors (and
improved more quickly on complex tasks) can be attributed to this feature. It satisfies the
need for competence by not only showing students that something is wrong but also often
suggesting why, allowing them to correct their approach ([26] also emphasize the importance
of guided learning from errors).

Gamified incentives and engagement: Narrative and game elements (points, games,
challenges) were frequently mentioned by students in their informal feedback as things they
“enjoyed” about the course. This enjoyment led to more time spent practicing: platform logs
show that students in the experimental group, on average, completed extra optional tasks
and replayed certain mini-games outside of class, even when this was not strictly required.
Some students became quite committed to improving their performance on the leaderboard
or collecting all the badges. This kind of intrinsic motivation for practice is worth its weight
in gold in education — it means that students essentially learned more than they would in a
normal environment, but because they felt like they had to play, they enjoyed doing so. This
is consistent with broader findings that gamification can encourage voluntary engagement
[11]. Thus, gamification features (challenges, rewards, thematic entertainment) were key
design elements in supporting motivation.

Self-paced learning materials: By making high-quality learning materials (videos and written
lessons) available on the platform for pre-class learning, the platform supported the flipped
model’s requirement for students to gain initial experience independently. Students
responded positively to the opportunity to re-watch videos or review their notes while
practicing. This flexibility supports autonomy and ensures that time spent in class is not
wasted on learning basics that some already understand or can master at home. The platform
essentially acted as an on-demand tutor during the initial learning phase.

Progress monitoring and teacher dashboard: The platform’s ability to track student progress
in real time was invaluable for the instructor. In class, the teacher could quickly see who was
stuck on something, and during the home phase, he could check who had completed the
preparatory work. This allowed for targeted interventions. For example, after the first week,
the teacher noticed that some students in the experimental group were not watching the
videos regularly; the teacher then personally encouraged these students and explained the
importance of doing this, after which their participation improved. Such responsiveness is a
feature of the platform’s design, which is consistent with the emphasis on efficient use of
class time and personalized support in the flipped classroom [9].

Collaboration tools (Discussion forum): The integrated discussion forum (DISCUSS) proved
to be a useful tool, although some students used it more frequently than others. It
contributed to peer learning and allowed for continued learning after class. Students who
were shy about asking questions in class were able to post more easily on the forum. In some
cases, students answered each other’s questions in front of the teacher, indicating a
developing learning community. This sense of camaraderie and mutual support is a hallmark
of effective flipped classrooms [31] and was facilitated by the platform feature.
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At the end of the study, the teacher and students provided anecdotal feedback that sheds light on
RQ3. The vast majority of students in the experimental group reported feeling more confident in
SQL than they had originally expected, citing “hands-on practice” and “gameplay” as reasons. They
also liked that the platform “not only pointed out things that were wrong, but also told them what
might be wrong,” referring to diagnostic feedback. The teacher noted that students in the
experimental group were more engaged in the lesson, with almost all students actively working
during the lesson — something that is more difficult to achieve in a traditional lecture, where
attention can wane. The teacher also observed that in the control group, during practice, students
were sometimes idle or waited for help, while in the experimental group, when they got stuck, they
tried something (with help or just modifying their query) instead of remaining idle or discussing
the matter with a neighbour, which kept them active.

In summary, in response to question 3, the main design elements of the SQL learning platform
that supported the flipped classroom model were:

(1) Interactive content with instant feedback to promote learning by doing;

(2) Playful elements to keep students motivated and committed to practice;

(3) Multimodal educational materials that allow for self-paced learning at home;

(4) Teacher analytics and dashboards to facilitate just-in-time support and differentiated
instruction; and

(5) Communication and collaboration tools to extend learning beyond the classroom and build
a learning community.

These elements worked in harmony within the flipped framework, and empirical results suggest
that together they created a more effective learning environment than the traditional structure.

5. Discussion

The results of this study provide compelling evidence that combining gamification and a flipped
classroom approach can significantly improve student learning outcomes in secondary SQL
education. Students in the experimental group who experienced the gamified flipped learning
environment not only showed greater improvements in test scores compared to their peers who
studied in a traditional classroom, but also showed greater engagement and persistence in learning
activities. In this section, we interpret these findings in light of the theoretical background and
previous research, discuss the implications of educational technologies for educators and designers,
and acknowledge the limitations of our study and make suggestions for future work.

5.1. Interpretation of results

Our findings are consistent with and extend the existing literature on flipped classrooms and
gamification. The significant performance gains observed in the experimental group support the
idea that the active learning benefits of the flipped model [7] can be amplified when paired with a
well-designed instructional technology. In our case, the technology was infused with gamification
elements, which appear to have played a key role in maintaining student motivation. Self-
determination theory helps explain why the experimental approach was effective: the intervention
specifically aimed to support autonomy (through self-paced learning modules and choices within
the platform), competence (through immediate feedback, scaffolded challenges, and visible
progress), and engagement (through collaborative games and discussion forums). Although we did
not collect direct, self-reported measures of motivation due to time constraints, behavioural
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evidence — such as the frequency and consistency of voluntary use of the platform, even outside of
assigned homework — provides indirect evidence of increased student motivation and active
engagement with the course material. This is consistent with recent meta-analytic findings that
gamification can enhance students’ intrinsic motivation, as well as their sense of autonomy and
connectedness [18]. In our study, the combination of page-turning and gamification created a
learning environment where students felt empowered to take control of their learning, were able
to complete fun and engaging tasks, and received timely encouragement and assistance. This mix
likely contributed to students spending more quality time on task, leading to better mastery of SQL
concepts.

One striking aspect of the results is the persistence of the performance difference from midpoint
to endpoint. By integrating the technology throughout the course (rather than using it as a one-
time intervention), we saw that students in the experimental group maintained their advantage; they
did not “burn out” or lose interest. On the contrary, many appeared to become more confident as
the course progressed, building on the foundation laid in the previous weeks to tackle more difficult
tasks. This sustained improvement reflects the concept of gamified scaffolding found in other
studies ([15] and [26]), where initial handholding and feedback later led to independent
competence. By the end of the course, experimental students were solving complex tasks with
minimal errors, suggesting that scaffolded practice was effective in developing their skills. In
contrast, some students in the control group may have been held back by lingering misconceptions
or less practice time, which caused them to stagnate.

The difficulties observed (nested queries, etc.) and how the experimental condition alleviated them
also deserve discussion. Nested queries are known to be conceptually difficult. Our approach,
which often broke down such problems into smaller steps and offered students partial solutions
(especially in gamified situations), likely helped students gradually develop appropriate mental
models. For example, one gamified exercise allowed students to see a correct SQL template and
only have to fill in one missing condition; this kind of partial scaffolding can dissipate the full
structure of the query. By the time students were required to write complete queries independently
(in the final exam), these patterns were more internalized than if they had been confronted with
the full complexity from the beginning. This reflects a broader principle in instructional design:
gradual release of responsibility with gamified support can make daunting tasks doable [33].

It is also worth noting that our study was conducted in a secondary school context, with students
who had no prior programming experience. Much of the literature on flipped classrooms and
gamification comes from higher education or vocational training settings. Our results suggest that
these approaches are not only viable, but perhaps particulatly effective at the secondary school
level, where students may be more likely to disengage if the material seems too difficult or abstract.
By making learning feel like a game and giving students more control, we tapped into their natural
curiosity and competitive spirit. This is supported by the findings of [15], who reported that
secondary school students responded well to gamified learning in a flipped environment, showing
increased engagement.

Another important point of discussion is the role of the teacher in this technology-enhanced model.
While technology did much of the heavy lifting (automated feedback, content delivery), teacher
involvement remained critical. In the experimental group, the teachet’s role shifted from lecturer
to coach. Our results suggest that this was beneficial: the teacher was able to direct her expertise
where it was most needed (e.g., troubleshooting a student’s approach or encouraging group
discussion about a difficult concept) rather than filling the class with monologues. This is consistent
with [34], who found that flipping the classroom can free up educators to better integrate
technology and interact with students individually. A teacher in our study noted that she was more
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engaged with her students’ learning processes in the experimental group because she had immediate
visibility into each student’s progress. This increased teacher insight could be considered another
“gamified” aspect — the teacher had a dashboard (like a game master) with which to adaptively
direct learning tasks.

Our study also contributes to understanding how to design educational games or gamified content
specifically for learning SQL or similar technical subjects. Positive feedback on thematic datasets
(Harry Potter, Star Wars) and mini-games suggests that context and story can matter even in a
seemingly dry topic like database queries. The narrative and thematic consistency of our platform
likely helped lower the barriers to entry for students — it was less daunting to write a query about
wizards and spells than to write a query about an artificially created business database with no
familiar frame of reference. It gave students a concrete scenario that could help them reason (there
is research in problem-based learning that suggests that context-rich problems are easier for
beginners to understand because they can visualize what is happening).

5.2 Practical implications

For educators considering implementing flipped classrooms or incorporating gamification (or
both), our findings provide several actionable insights:

e Investin tools that provide immediate feedback: One of the most obvious benefits observed
in the study was the impact that immediate feedback has on student learning. Educators
should consider using or developing platforms that automatically check students’ work and
provide informative feedback, especially in subjects where answers can be checked by a
computer (e.g., programming, math). Even if a fully gamified platform is not available, tools
such as online judges or automated graders can dramatically improve the learning cycle by
quickly correcting misconceptions. Our study shows that students used this feedback to
improve, suggesting that they were not just blindly guessing; they were actively debugging
and learning, a key skill in programming,.

e Coherent structuring of pre- and in-class activities: Simply assigning videos as homework
(translation) will not produce results unless the in-class activities are well thought out. In our
case, the in-class assignments were directly related to the video content, and the platform
ensured continuity between the home and in-class sessions. Teachers using the flipped model
must carefully align their content so that students can apply the pre-prepared materials
directly, and soon. It is also important to hold students accountable for their preparation
(through quick quizzes or mandatory platform assignments); we found that some students
initially fell behind, but once it became clear that preparation was necessary for success in
class, most followed through. The gamified platform helped by rewarding completion of
preparation with points, but even without this, instructors can encourage preparation with
grading or recognition.

e Use Gamification Thoughtfully: Gamification is not a panacea — its success depends on
careful integration. The gamification of our platform wasn’t just about randomly assigning
points; it was deeply tied to learning objectives (e.g., a badge for completing all the tasks in a
chapter that correlates to mastery of that chapter). Teachers or curriculum designers looking
to gamify their courses should ensure that the game elements serve pedagogical purposes.
Extrinsic rewards (points, badges) should be balanced with intrinsic motivations (curiosity,
meaningful challenges). Using narrative and thematic datasets is an example of how to create
intrinsic interest. We encourage educators to find themes or storylines that resonate with
their student population and wrap some of the learning activities in that context.
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Additionally, incorporating social gamification (leaderboards, team challenges) can leverage
peer influence to motivate students, but this should be done in a friendly and supportive
manner to avoid negative competition. In our case, the leaderboard was anonymized and
optionally viewable, which we believe provided a low-pressure environment.

e Building a community of learners: Our platform’s discussion forum and encouraging
classroom collaboration highlight that learning is not just an individual endeavour. For
practitioners, creating platforms like Piazza or using LMS discussion forums in flipped
classrooms can extend learning beyond the classroom. Encouraging students to help each
other and recognizing their contributions (for example, gamifying helping behaviour by
awarding a “helping badge” or extra credit for good explanations) can further strengthen
connections and community knowledge. Especially in challenging subjects, knowing that
others are struggling with similar problems and working together to solve them can reduce
anxiety and improve persistence.

e Scalability and training: One practical consideration is that implementing such an approach
may require an initial investment in technology and teacher training. Not all educators have
the resources to build a custom platform like ours. However, there is a growing body of
educational software and open-source tools that can be adapted for this purpose. For
example, open-source online SQL testers can be used to teach SQL, or even a platform like
Moodle with plugins that verify SQL responses. Gamification elements can be added with
third-party tools or simple reward systems. Teacher in-service training should emphasize
classroom management in a flipped environment (which is different from traditional lecture)
and basic data literacy to interpret platform analytics. In our study, the teacher learned to use
the dashboard effectively, which suggests a learning curve, but one that is definitely
manageable with some practice.

5.3 Limitations

Although our study provides encouraging evidence for the effectiveness of gamified flipped
classroom methods, it does have limitations. These should be considered when interpreting the
results and considering generalization:

The sample size of 70 students from a single institution and a single grade is relatively small.
Although our comparisons were statistically significant, the effect size estimates are specific to this
context. The students were predominantly male (reflecting the gender imbalance in the school’s
computer science courses). It is unclear whether the results would be similar in a more gender-
balanced class or in a class with different age groups (e.g., younger students or college students).
Future studies with larger and more diverse samples could help confirm the robustness of our
findings. For example, research involving multiple schools or districts could reveal whether the
same benefits are broadly applicable or whether there are contextual factors (such as school culture
or student background) that influence the results.

Due to the limitations of the school setting, our study was not a fully randomized experiment. We
tried to match the groups based on their prior performance and they were taught by the same
instructor, which helps, but we cannot rule out all possible confounding factors. For example, there
may be differences in classroom dynamics or unmeasured student characteristics between the two
classes that influenced the results. Random assighment or crossover design (where each group
experiences both conditions in some order) was not feasible here, but would strengthen causal
claims. As it stands, we interpret our results as highly suggestive, but they should be replicated in
randomized settings if possible.
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A notable limitation is that our research design does not separate the effects of gamification from
those of flipped classroom instruction. Both elements were used simultaneously in the
experimental group. Therefore, while we can confidently state that the combination works, we
cannot clearly state how much of the improvement is due to the flipped model alone (with
technology but without game elements) rather than to the addition of game elements. It is possible
that a non-gamified flipped classroom would perform better than a traditional one (in fact, the
literature suggests that a flipped classroom alone often helps), and it is possible that the gamified
approach could also yield some benefits in a traditional classroom. We intentionally combined these
in our design based on pedagogical reasoning, but for research purposes, future studies should
attempt to separate these factors. For example, four groups could be created: traditional, flipped
only, gamified only, and gamified+flipped, to see individual and collective contributions.

We primarily measured cognitive outcomes (test scores) and used platform analytics as a proxy for
engagement. We did not administer questionnaires or standardized instruments to assess students’
motivational status, self-efficacy, or satisfaction. This is a limitation, as part of our argument is
based on improved motivation and engagement, which we infer rather than directly demonstrate.
Incorporating such measures in future studies would be beneficial to support the motivational
impact of the intervention. For example, an instrument based on the Self-Determination Test
(SDT) could measure whether experimental students feel more independent or competent over
time than control students.

Our study spanned an 8-week period, which is a fair amount of time, but still relatively short in the
grand scheme of learning. We do not know whether the learning was sustained over the long term
(e.g., would these students have performed better after a semester or a year without additional
support?). Motivation can sometimes wane after the initial novelty; although we did not see any
dropout after 8 weeks, a longer course may show different patterns. It would be useful to track
whether students in the experimental group continued to use the platform or sought out similar
learning experiences later on (we provided access after the studies, but did not track usage beyond
8 weeks).

5.4 Future work

As mentioned, a controlled experiment that separates the individual contributions of gamification
and flipped pedagogy would be valuable. This could help educators prioritize interventions, for
example, if one has a greater impact than the other, or if their combination is supraadditive (more
than the sum of its parts).

Our approach may be applicable to other areas of computer science education (or even beyond
computer science). For example, could a gamified flipped classroom improve learning in
introductory programming courses (e.g., Python or Java courses)? Some studies, such as [15] and
[11], have focused on programming, but further research could explore different concepts (e.g.,
data structures or algorithms) with similar interventions. In addition to computer science, subjects
such as mathematics, science, or language learning could benefit from a hybrid model of structured
active learning and gamification. Research in these contexts would broaden the impact of these
pedagogical strategies.

It would be interesting to follow up on students who learn using this method to see if it influences
their long-term study choices or attitudes. For example, are these students more likely to take
additional computer science courses? Do they retain their knowledge better or apply it in new
contexts (such as project-based courses or competitions)? We could design a study that measures
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retention with a surprise test a week or a month later, comparing the decline in knowledge between
groups.

We can supplement our study with qualitative research, such as student interviews or classroom
observations, to gain deeper insights into students’ experiences. For example, interviews can
explore which aspects of gamification students found most motivating or how they managed their
time in a flipped model. Classroom observations can document interactions and provide context
for quantitative data (e.g., noting that experimental students often helped their peers or that control
group students often waited for teacher reinforcement).

Given the rise of Al in education, future versions of a platform like ours could include intelligent
tutoring system features [33], or even adaptive learning paths based on student performance.
Research could investigate whether adding Al-based tutoring or adaptive hint generation would
further improve outcomes, especially for those who are struggling. For example, using machine
learning to predict when a student is frustrated and then modifying the difficulty or sending an
extra motivational message could further personalize gamification. We see that combining Al with
gamified reverse learning could be a promising area [23].

In addition to test scores, future work could assess the problem-solving skills, creativity, or
collaboration skills fostered by such an environment. The reverse gamified model inherently
encourages problem-solving and teamwork; assessing these outcomes (e.g., through project work
or complex problem-solving challenges) could provide evidence that these skills are also
developing.

6. Conclusion

This study investigated whether the combined use of a gamified learning platform and a flipped
classroom methodology can improve learning outcomes in SQL education compared to traditional
instructional approaches. The results provide clear evidence that they can. Students in the
experimental group — who learned SQL through a flipped classroom model enriched with
interactive, game-based tools — achieved significantly higher scores than their peers in the
traditional classroom after both four and eight weeks of instruction. These results confirm our
initial hypothesis and contribute to the growing body of evidence that thoughtful integration of
technology and active learning pedagogies can yield significant benefits in computer science
education.

In implementing our approach, we identified several factors that contributed to its effectiveness.
Minor modifications to the self-directed learning platform enabled it to effectively support formal
flipped classroom instruction. By making learning materials available to students in multiple
formats (video lectures, written notes) for pre-class interaction, and by prioritizing class time with
a focus on application through educational games and targeted problem solving, we created a more
student-centred learning environment. This environment continuously engaged students: they
actively listened, thought, and answered checkpoint questions at home; they solved problems,
received feedback, and collaborated in class. The engaging, narrative-based style of the learning
materials (supplemented with metaphors, reflective questions, and humour) helped maintain
student interest over time, preventing the loss of motivation that often accompanies difficult topics.
The use of thematic educational games provided contextualized practice opportunities and likely
helped demystify abstract SQL concepts by embedding them in familiar contexts. In addition, the
automated assessment system ensured that students received meaningful feedback on their work,
focusing on semantic correctness, not just syntax — an innovation particularly relevant for a
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declarative language like SQL. Teachers also benefited from the platform, using real-time data to
track progress and quickly address learning gaps, thereby maximizing the effectiveness of
classroom interactions.

Despite the positive results, we acknowledge some limitations. The study sample was limited in
size and non-randomly distributed, and the research design combined two educational innovations
without isolating their individual effects. Therefore, while we can be confident in the success of
the combined approach, further research is needed to generalize these findings and analyze the
contribution of each component (inverted model vs. gamification). We also note that the gender
imbalance in our sample is an area that future work should consider, as diversity in computing
education remains an important concern.

In summary, our findings suggest that the proposed instructional design — a combination of
gamified learning and flipped classroom pedagogy — can be an effective model for improving
outcomes in database education and potentially other areas of computer science education. The
approach addresses known challenges in teaching and learning SQL by building on the strengths
of active learning, motivational design, and technology-driven feedback. Educators seeking to
improve student engagement and performance in similar subjects may find this combined approach
a viable and rewarding strategy. By creating an environment where learning is active, personalized,
and enjoyable, we not only help students learn better, but also seek to develop more positive
attitudes toward the subject, laying the foundation for continued learning and exploration in the
field of computer science.
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Abstract. The computing field is suffering from a diversity crisis, as most of its workforce falls
within a tight demographic. Homogeneous groups are proven to be less productive and less able
to produce technology that meets the needs of a wide range of users. Therefore, increasing diversity
by, for instance, employing more women in technology is a shared interest. Studies have shown
that mentoring is one of the key success factors for recruiting marginalized groups, such as women
in computing, because through its structured support it provides them with role models and makes
the field more attractive. At the same time, much less research has focused on how and with what
efficiency mentoring can be used to ensure that the women who are already enrolled in computing
courses actually stay in the program and later in the profession, amidst significant dropout rates.
Not only recruiting but also retaining women is an important prerequisite for increasing gender
balance in the computing sector. The objective of this article is to present and evaluate a mentoring
program that provided mentoring opportunities to female university students at three European
universities in 2024-2025 with the intention of increasing their self-efficacy within various STEM
fields, primarily computing. We collected data through two questionnaires — one before the
mentorship program began, and then one after it finished — and examined whether mentoring had
a positive impact on women’s perception of their ability and willingness to complete their studies
and stay in the profession. The results show that mentoring can most effectively help women by
increasing their sense of belonging in the field. Even though without longitudinal studies it is not
possible to draw firm conclusions about whether mentees actually stay in computing in the long
run, research has shown that a sense of belonging is one of the key factors for success.
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1. Introduction

In recent decades, computing has been characterized by a strong male majority, both in education
and in the workforce [1, 2]. According to Eurostat, women make up only 32% of students in
STEM majors and only 19% of the computing labor market [3]. The homogeneity of tech workers
poses a serious threat and leads not only to exacerbated social inequalities but also to technological
flaws. For instance, it has been shown about Artificial Intelligence that a gender-diverse team is
indispensable to avoid technological imperfections in, for example, face recognition or machine
translation [4]. In software development, it is also essential to strive for diversity in the composition
of development teams, as people use software in different ways and, therefore, have different
needs [5, 6]. Gender balance in computing education is beneficial for all genders, as research done
by Lagesen et al. has shown that the dropout rate decreased not only for women but also for men
when gender balance was increased [7].

However, there are many factors that hinder the recruitment and retention of women in computing
education. One of the main challenges is the social stereotype that computer scientists are “nerds”,
i.e., pasty young men with glasses who are always sitting in front of a computer [8-10]. This kind
of social portrayal — narrow and not very attractive — makes it difficult for people who significantly
differ from the stereotype to consider taking such a study path. It is challenging for women, who
are marginalized in the field, to feel like they “belong” in this world, which leads to lower self-
efficacy and lower retention.
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Research shows that mentoring — especially intersectional mentoring — can counteract this barrier,
because they serve as examples of people who are not only similar to the mentee in some aspects
but are also successful in the field of their choice [11, 12]. A mentoring experience, therefore, can
help marginalized women in computing by challenging stereotypes, increasing their sense of
belonging to a group, and strengthening their self-efficacy [10].

Consequently, setting up mentoring programs to support marginalized groups such as women in
computing education could lead to better retention and a more diverse workforce. It is, however,
time-consuming and challenging to lay the foundations of such an intervention, among others for
lack of internal funds. While external funds, such as a couple-of-year-long EU projects, can give a
push, it is vital to make such interventions sustainable by sharing the know-how, thus
counterbalancing its limited time scope. In this article, we aim to present the creation and
evaluation of a mentoring program targeting female students in STEM, particularly computing
programs, funded by the 3-year-long Erasmus+ project called Women STEM Up.'

2. Background

2.1. Gender Diversity in Tech

Extensive research has consistently shown that gender diversity within teams, organizations, and
education leads to positive effects. These studies highlighted several outcomes, such as more
effective, coordinated, and better performing teams in workplaces, along with reduced turnover
and team conflict. Moreover, gender diverse teams have been shown to have better creativity, have
better innovation, and develop more user-friendly software than non-gender diverse teams [13,
14]. Research also indicates that workplace diversity can yield financial benefits for organizations,
with a study by Campbell and Minguez-Vera [15] claiming a significant positive relation between
increased gender diversity on boards and firm value. Promoting gender diversity and actively
including women in areas where they are underrepresented is, therefore, not only ethically
responsible, but also linked with financial, performance, and innovation benefits.

2.2. Gender Diversity in Computing Education

While numerous studies have tried to explore what hinders women in choosing computing majors
[16, 17], substantial research has been conducted also to understand why women choose to leave
the computing field. As a starting point, the computing field as a whole suffers from high attrition
rates across the world, where some universities report upwards of a 65% dropout rate [10, 11, 18].
The challenging nature and perceived difficulty of the field has been, therefore, named as one of
the core reasons why students decide to leave computing [12, 19]. However, women in particular
have been shown to face more discrimination, feel more isolated, feel less like they belong in
computing, and are more affected by internal challenges than men in computing [20-22], which
are all factors that influence women’s decision to leave computing. Research shows that addressing
these internal challenges are pivotal in students’ academic and career trajectory [17-20], as,
especially, self-efficacy and impostor syndrome are strongly correlated with persistence and success
in STEM |21, 26, 27, 28].

! https:/ /women-stem-up.cu/
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2.3. Mentoring Interventions

Mentoring has been found to be a key success factor for marginalized groups within STEM.
Specifically for women, it has been shown to function as a facilitator for entering and staying in
such fields [29]. To increase gender balance in the field, it has been shown crucial to dedicate
efforts to recruit more women and retain those already in STEM, and specifically computing,
education or careers. Mentoring can be used to achieve these goals through the entire educational
and career pathway [13].

Mentorship programs, in particular, have shown to positively impact the students’ persistence and
academic outcomes [30]. For instance, a study exploring the effect of a peer-mentorship program
revealed that the students who participated in the program had significantly higher average grades,
retention rates, and attendance levels than those who did not [31]. Additionally, research has found
mentoring to positively influence students’ self-efficacy [32, 33] and the importance of specifically
mentoring women in STEM has been underlined by the American Association of University
Women [34].

Impostor syndrome has been named a key reason for women leaving their job in the computing
field [35] and mentoring has been recommended to be incorporated in learning and career
development activities to combat this phenomenon [306].

2.4. The Women STEM Up Project

Ever since the UN defined “gender equality” as one of its sustainable development goals,
numerous intervention projects have aimed to tackle different forms of gender inequality in
society, education, science, and technology [37]. The EU-funded Erasmus+ project “Women
STEM UP” (2022-2025) is one such effort, specifically aimed at reducing the gender gap in STEM
education. The project, composed of five so-called “work packages”, focused primarily on
supporting female students in science, mainly computing, university programs. Like all Erasmus+
projects, Women STEM Up was a consortium connecting countries and institutions, namely
Linképing University in Sweden, the Norwegian University of Science and Technology in Norway,
the University of Thessaly in Greece, the Digital Leadership Institute in Belgium, and Stimmuli
for Social Change in Greece. The project’s third work package (i.e. “WP3”), running from February
1, 2024 to April 30, 2025, aimed to make computing education, and thus the computing career
itself, more inclusive and attractive to female students, by developing a mentorship program.

While the main deliverable of WP3 of the project was launching a mentorship program for women
students in STEM, to support and lay the foundations for this, the project work also involved
creating mentoring resources, available for use by project partners and by anyone that aims to
support women students in their STEM studies. These resources included a directory of mentoring
programs offered for women in the field, with the goal to bring together such efforts, as well as
videos and training books about setting up a mentoring program. The project provides seven
learning videos dedicated to different aspects of mentoring, which were added both to the project
website and to YouTube to ensure a wide reach (see Figure 1).
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Figure 1: The resources of the mentorship program

In addition to the video seties, a guidebook” and a mentor training packet’ were also designed and
shared on the website, in English, French, Greek, Norwegian, and Swedish. The above resources
were checked and introduced to staff and faculty of the partner universities in the autumn of 2024.
After the hybrid training events, the project made the resources freely available and downloadable
from the website, serving not only as the foundation for the project’s mentorship program for
women students in STEM, but for any such initiative worldwide.

3. Methodology

The main goal of the project’s WP3 was testing the concept and the resources through a pilot
mentorship program for women students. In the following we will present the development and
implementation of the mentorship program, and the evaluation of these efforts.

3.1. Development of the Mentorship Program

The framework and scope of the mentorship program was defined by the resources developed in
the research phase of the WP [38]. As determined by the original project application, the
mentorship program would involve 30 mentors worldwide and 30 mentees from the partner
institutions, and it would last from November 2024 until March 2025. Both mentors and mentees
are meant to be people identifying women and working or studying (respectively) in the STEM
tield. Considering the mentor training period in November and some weeks off due to holidays in
December, it was estimated that approximately three mentoring sessions would be realized per
mentee. The expectation, therefore, was that the mentor and the mentee would meet at least three
times for 30-90-minute mentoring sessions.

As for the mentor recruitment, the project partners posted multiple calls for mentors on LinkedIn,
as well as in each partner’s own circles. The professionals, both from academia and industry,
expressing interests were invited for mentor training on multiple occasions. The training sessions

% https:/ /women-stem-up.eu/wp-content/uploads/2024/09/ Guide-to-setting-up-a-mentoting-program.pdf

3 https:/ /women-stem-up.eu/wp-content/uploads/2024 /09 / Training-packet-for-mentors.pdf
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informed them of the scope of the project, the aim of the mentorship program, the basics of
mentoring, as well as offering a freely downloadable mentor training packet. In the end, 30 mentors
were recruited and trained. Regarding mentees, we recruited 28 female students from STEM
undergraduate, master’s and doctoral programs from the three partner universities. The mentors
and students were matched based on the goal and competency preferences submitted upon
application.

The theme and focus of each session, and the entire mentoring, was guided by a pair-based
“mentoring contract”: the mentor and mentee filled out the template we sent before the first
session and signed it back to us. When the mentoring ended, they re-registered with us with the
mentoring contract, and only if they met the agreed conditions did they receive a certificate of
mentoring.

3.2. Assessment of the Mentorship Program

The most reliable way to test the effectiveness of mentoring is through longitudinal studies, such
as long-term increases in the number of female students. However, in most cases, due to time and
resource constraints, such studies are not possible. Our recent systematic literature review of
mentoring programs analyzed in the international literature since 2019 showed that most
mentoring programs are short-term, typically a few months, and use students’ self-assessments and
impressions to measure the effectiveness of the mentoring program [12]. Although such a
measurement has its limitations, it can show the impact of the mentoring program on the female
computer science students’ self-efficacy and sense of belonging, which are key success factors in
staying in the field [19].

Accordingly, the subject of this study was to find out whether and how much the Women STEM
Up mentoring program had an impact on women’s persistence in computing. In order to assess
the effectiveness of the mentoring program, participants were asked about their self-efficacy, sense
of belonging, and attitude towards computing in a pre-mentoring survey and a post-mentoring
survey. The two sets of questions were identical, and each item was phrased as a general statement
rated on a 10-point Likert scale, the two endpoints being “strongly disagree” and ““strongly agree”.
The surveys were compiled based on previous research evaluating similar mentoring programs,
although some questions were slightly modified to better fit the topic of the mentoring program
and the context of the questionnaire. Questions regarding self-efficacy (questions 1-6) are taken
from the works of Fisk et al. [20], Cassidy and Eachus [21], and Rowbotham and Schmitz [22].
Questions regarding sense of belonging (questions 7-8) are from the works of Nolte et al. [23] and
Dekhane et al. [24], while questions on internal challenges (9-10) are based on the work of [19].

We compared the results of the two sets of questions to identify shifts in student perception.
Because the survey items were treated as individual Likert-type questions (ordinal data) rather than
a composite scale, and given the exploratory nature of this pilot mentoring intervention, the
analysis focused on descriptive reporting (frequencies and percentages) rather than paired t-tests,
following common practices for presenting Likert-type survey data [39,40].

4. Results

Below, we present the results of the mentees’ assessment of the mentorship program, by displaying
how the mentees rated each of the statements before and after mentoring. To improve
interpretability, the original 10-point scale was collapsed into three categories. This is a common
practice when presenting Likert-scale results in exploratory studies where the aim is to highlight
broader response patterns rather than small variations between adjacent scale points [39,40,41].
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Each figure also serves as a comparison. Typically, three pairs of columns are shown on a diagram.
The values before mentoring are depicted in green as the first columns of each pair, while the
values after mentoring are depicted in purple as the second columns of each pair. If only one color
is present, it means that no answer of the other type (no / maybe / yes) was received for that
statement.

In the following, we will present the results divided into the three categories of self-efficacy, sense
of belonging, and internal challenges.

4.1. Statements regarding self-efficacy

“I am confident in my computing abilities.”

As Figure 2 shows, the mentees’ assessments were significantly divided before mentoring: all three
types of responses were given to the statement that they were confident in their computing skills.
It is worth highlighting that several answered “No (I disagree)” to this question. However, in the
post-mentoring questionnaire, all answers were in the “Yes (I agree)” or “Maybe” zone, meaning
that the mentees’ confidence had improved. Some mentees added in the free-form comments field
of the questionnaire that during mentoring they had received advice from their mentor specifically
on what they could do to be more confident, so it is not just an implicit improvement.

I am confident in my computing abilities.
60%

50%

40%

30%

20%

10%

0%
no

maybe yes

M before M after

Figure 2: Results from the Pre- and Post-Mentoring Survey on Statement 1

“I am confident I can deal with any difficulties I encounter in my professional /
academic life.”

The next statement interpreted self-confidence and self-efficacy more broadly: here we did not
only apply it specifically to computing skills, but also to difficulties arising in professional life in
general. After mentoring, the number of respondents who were confident in their coping abilities
increased, and the number of those who firmly stated that they were not or were not sure about it
decreased.

I am confident | can deal with any difficulties |
encounter in my professional / academic life.

90%
80%
70%

60%
50%
40%
30%
20% .
10%

no maybe yes

mbefore mafter

Figure 3: Results from the Pre- and Post-Mentoring Survey on Statement 2
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“I often face problems when trying something new.”

The third question, on self-efficacy, examines initiative and risk-taking. Before mentoring, most
participants were unsure about their abilities in these areas, while after mentoring, uncertainty
decreased and the number of respondents who felt they would not face problems when trying new
things almost doubled.

| often face problems when trying something new.
60%

509

409

30%

20%

-.
0%

no maybe yes

® before ® after

Figure 4: Results from the Pre- and Post-Mentoring Survey on Statement 3

“I am interested in computing.”

The fourth statement examined interest in informatics. Mentees rated their professional interest
relatively similarly before and after mentoring, although it is a fact that the positive response was
high to begin with. It should be added that there was also one negative response after mentoring,.
It is difficult to determine from a single question whether mentoring caused it or not, or whether
it was an intentional or accidental response. The original questionnaire used the word
“computing”, which is a collective term for "informatics," “computer science,” and “information
technology” as potential university majors in the literature [20], but this term may not be known
to laypeople. It is therefore possible that some mentees were confused by the use of the term.

| am interested in computing.

80%

70%

60%

50%

40%

30%

20%

S [
o [

no maybe yes

Whefore M after

Figure 5: Results from the Pre- and Post-Mentoring Survey on Statement 4

“I am committed to my major.”

Continuing the theme of the fourth statement, the next question gave a broader framework for
the subject of interest and commitment: the fifth statement mentioned “specialization”; not
“computer science/informatics”. The evaluation of the mentees visibly improved after mentoring:
more “yes” and “maybe” answers were given and fewer “no”. The mentees may have increased
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commitment to their major after overcoming challenges or creating future goals related to their
studies with their mentors. One mentee said:

“T got a lot more motivation to continue with my studies [after the mentorship program], becanse we
talked about all these hypothetical situations that would happen in the future.”

I am committed to my major.
80%
70%
60%
50%
40%
30%

20%
- ] ] .
0%

no

maybe yes

M before MWafter

Figure 6: Results from the Pre- and Post-Mentoring Survey on Statement 5

“I am convinced I can achieve my academic goals if I try.”

The sixth and final statement, which aimed to assess the students' self-efficacy, focused on goal
orientation. Most mentees are confident that they can achieve their professional goals. Mentoring
slightly improved the numbers: on the one hand, there were no negative answers, only uncertain
ones, and on the other hand, the number of affirmative answers also increased compared to the
original numbers.

| am convinced | can achieve my academic goals if |

try.
100%
80%
60%
40%

20%

no maybe yes

M before Wafter

Figure 7: Results from the Pre- and Post-Mentoring Survey on Statement 6

4.2. Statements regarding sense of belonging

“I am confident I belong in computing.”

In addition to examining self-efficacy, we sought to answer the question during the empirical study
whether the mentoring program has an effect on female students feeling better in the IT
community, that is, whether their sense of belonging to the group increases. Statements 7-8 sought
to answer this. The present question focuses on the extent to which the mentees feel that they
have a place in I'T. Not surprisingly, many negative and skeptical responses were received before
the mentoring, because there are many more men in the IT field, so women easily feel like
outsiders. However, after the mentoring, the numbers improved somewhat: more positive,
confident responses were received and fewer negative ones.
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| am confident | belong in computing.
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50%
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Figure 8: Results from the Pre- and Post-Mentoring Survey on Statement 7

“I feel like I fit in with the computing community.”

The next statement specifically focuses on the feeling of belonging to a community. As expected,
we have many negative and uncertain answers before mentoring, but after mentoring, the number
of those who believe and feel that they belong has doubled. Mentoring can be very effective in
developing a sense of community, especially if the mentor is a minority herself. When a mentee
sees from time to time that there is someone here who has managed to succeed in the field, despite
being similar to her (because, let us say, she is a woman), it gives her confidence and the feeling
that this environment is not so hostile. The great value of mentoring is that it creates a direct
connection between a successful woman already in the field and an aspirant who is just starting
out, which creates an example and a connection to the field.

| feel like I fit in with the computing community.
60%

50%

40%
30%
20%
10%
[]
no

maybe yes

B before W after

Figure 9: Results from the Pre- and Post-Mentoring Survey on Statement 8

4.3. Statements related to internal challenges women face in computing
“I got where I am today by sheer luck.”

The third and final major theme of the questionnaire —in addition to self-efficacy and group feeling
— was the examination of internal challenges. The first statement of the theme aims to assess to
what extent the students attribute their success to their own efforts, and not to luck. Before
mentoring, there were those who attributed their success solely to luck, while after mentoring, such
an answer was no longer given.
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| got where | am today by sheer luck.
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Figure 10: Results from the Pre- and Post-Mentoring Survey on Statement 9
“I am afraid of failure or showing signs of vulnerability.”

Finally, the last question was about avoiding and coping with failure. It is noteworthy that many
students indicated that they were afraid of failure. This was still the most popular answer after
mentoring, although the number of those who felt this way decreased, indicating that the
mentoring program was able to alleviate the women's internal challenges. However, it is important
to note that this question itself points to the importance of paying increased attention to
supporting women in the computing field. Mentoring is an effective tool for this goal, but there
are other initiatives, including the use of role models [18], support communities [11], professional
days [27] and inclusive education [28].

I am afraid of failure or showing signs of
vulnerability.
70%
60%
50%

40%

30%

20%

" mm B
0% -

no mayhe yes

MW before M after

Figure 11: Results from the Pre- and Post-Mentoring Survey on Statement 10

5. Discussion

In this section, we will provide an overview table of the results, organized according to the three
categories of self-efficacy, sense of belonging, and internal challenges, and divided by the averages
from the pre-mentoring survey and the post-mentoring survey. The results of the questionnaires
are given in Table 1, where 10 is the highest possible score. As we can see, the average results of
the first two categories increased in the questionnaire after mentoring, which indicates that the
mentoring program positively influenced the mentees’ self-efficacy and their sense of belonging to
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the group. As for the third category, internal challenges, the average decreased after mentoring;
that is, thanks to mentoring, the students feel more capable of overcoming field-related obstacles.

category Before mentoring (average) After mentoring (average)
self-efficacy 6.7 7.2
Sense of belonging 5.4 6.9
Internal challenges 4.4 4.2

Table 1: Averages of Q1-10 from before and after mentoring

Opverall, it can be said that even a short, so-called pilot mentoring program can have a positive
effect on the mentees. Of course, the results were collected from a small sample, but the purpose
of this study was specifically to analyze a test mentoring program.

It was especially the mentees’ sense of belonging that increased after the mentorship program,
with 1.5 points. Having role models and seeing others similar to oneself in the same field has
continuously been proven to positively impact one’s self-efficacy and sense of belonging in a
community, which is also reflected in the results.

Furthermore, the mentees were asked questions specifically about the mentorship program and
their related experiences. Among other things, the mentees were tasked with rating their
expectations and satisfaction on a scale from 0-10. When asked about how satisfied they were with
the mentoring experience, every mentee rated their satisfaction a 7 or over. Similarly, when they
were asked how much the mentoring experience met their expectations, every mentee rated their
experience 7 or over, where some mentees later commented that the experience even exceeded
their expectations.

Additionally, some mentees expressed a desire for more mentor sessions. The mentorship program
had promised two to three sessions between the mentor and mentee. The survey revealed that
everyone, except for one mentor-mentee pair, had at least three meetings, and some pairs had even
planned additional sessions outside of the officially given timeframe.

To summarize, the results from the survey, the feedback regarding the number of mentor sessions
that were given, in addition to the mentees’ willingness to continue the program after it has ended,
display the impact of the program despite its short duration.

6. Conclusion

The goal of this article was to draw attention to the importance and effectiveness of mentoring as
a tool in computer science education. Women are a significant minority in both computer science
education and the tech workforce, which has undesirable consequences for both software and
society [4-6]. It is, therefore, vital to make the field more attractive and more inclusive. One of the
most documented tools for retaining and supporting female students is mentoring [19]. This article
presented a pilot mentoring program that was specifically designed to provide support to female
students in STEM majors.
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The framework of this pilot mentoring program was the Erasmus+ “Women STEM UP” project,
whose primary scope was to tackle some of the main challenges related to the gender gap in
computer science, and broadly, STEM higher education, which consequently impacts the labor
market as well. Even though computing graduates are in high demand in the labor market and
such jobs are highly paid, the field remains homogeneous. The first steps to making the field more
diverse and more inclusive is to recruit and retain more women. Despite decades of interventions,
these efforts remain challenging. Work Package 3 of this project was aimed exactly to contribute
to these efforts by providing resources that can be used, on the one hand, to make STEM programs
and careers more attractive for women, and on the other hand, to help keep women that have
chosen STEM majors.

The backgrounds of the women serving as mentors in the mentoring program were intentionally
diverse — from researchers to entrepreneurs to managers. It was important to show the diversity
and opportunities of the profession, and also that — despite social stereotypes — computing is
neither masculine nor monotonous, but that it very much feeds upon female creative energy.
Creativity and initiative are important components of the ESTEAM' approach, which is
increasingly gaining ground instead of the narrower interpretation of STEM. The ESTEAM
approach took center stage in the next phase of the project, in Work Package 4, between March
and November 2025, where female students were able to participate in thematic workshops and
an international hackathon on sustainability, developing and connecting their creative skills with
entrepreneurship and computing,.

Furthermore, the great value of this project and specifically this WP3 was that it created
resources, which were tested and approved by an international consortium, to be freely used by
anyone to help increase diversity, equity, and inclusion in STEM.
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