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Abstract

This study examines the impact of GenAl (Generative Artificial Intelligence) supported application-based
learning on high school students' academic achievement and course perceptions in the programming
languages course. The study was conducted over six weeks with 77 10th-grade students in a public high
school. A quasi-experimental design was used, involving two experimental groups and one control group.
While one experimental group engaged in application-based activities under teacher guidance in class, the
other completed the same activities at out-of-class using ChatGPT prompts. The control group followed the
standard curriculum. Quantitative data were collected using an achievement test and course evaluation scale.
One-way ANOVA results indicated no statistically significant difference in academic achievement among the
groups. But the mean scores of the students in the experimental groups were higher than the control group.
Moreover, students in both experimental groups reported significantly more positive course perceptions
compared to the control group, particularly in the dimensions of course, instructor, and method-technique.
Furthermore, while a weak positive correlation was found between course perception and academic
achievement, it was not statistically significant. The findings highlight that although short-term academic gains
may not differ significantly, both in-class application-based activities and GenAl-supported out-of-class
activities enhance students’ perception of the course. The study underscores the potential of GenAl tools as
pedagogical aids in promoting active learning, especially when in-class application time is limited. It suggests
increasing the number of application-based course hours in the curriculum and emphasizes that, in cases
where this is not possible, GenAl-supported out-of-class activities can be considered as an alternative.

Keywords: application-based learning, generative artificial intelligence (GenAl), programming education,
course perception, academic achievement

Ders Zamani Yetmediginde: GenAl ile Uygulama Tabanl Ogrenmeye
Alternatif Bir Yol

Oz

Bu calismada GenAl (Uretken Yapay Zeka) destekli 6grenmenin lise &grencilerinin programlama dilleri
dersindeki akademik basarilarina ve ders algilarina etkisi incelenmektedir. Calisma, bir devlet lisesindeki 77
onuncu sinif dgrencisi ile alti hafta boyunca yiritilmustir. iki deney grubu ve bir kontrol grubunun yer aldig
yari deneysel bir tasarim kullanilmistir. Bir deney grubu, sinifta 6gretmen rehberliginde uygulamal
programlama etkinliklerine katilirken, digeri ayni etkinlikleri ChatGPT tarafindan olusturulan istemleri
kullanarak sinif disinda tamamlamistir. Kontrol grubu standart miifredati takip etmistir. Nicel veriler, bir basari
testi ve ders degerlendirme olgegi kullanilarak toplanmistir. Tek yonli ANOVA sonuglari, gruplar arasinda
akademik basarida istatistiksel olarak anlamli bir fark olmadigini gostermis olsa da deney grubundaki
ogrencilerin puanlari daha yuksektir. Ayrica, her iki deney grubundaki 6grenciler ders, 6gretmen ve yontem-
teknik boyutlarinda, kontrol grubuna kiyasla daha olumlu ders algisina sahiptir. Ders algisi ile akademik basari
arasinda anlamli olmayan zayif bir pozitif iliski bulunmustur. Bulgular, kisa vadeli akademik kazanimlarin
onemli Olglide farkhlik gbostermeyebilecegini vurgulasa da hem sinif igi etkinlilerin hem de GenAl destekli sinif
disi etkinliklerin 6grencilerin ders algisini gelistirdigini ortaya koymaktadir. Calisma, ozellikle sinifta igi
uygulama sdresi sinirh oldugunda, GenAl araglarinin aktif 6grenmeyi tesvik etmedeki pedagojik potansiyeline
isaret etmektedir. Bu baglamda bu galisma uygulama tabanli sinif igi etkinliklerin artirilmasini ve mimkiin
olmadigi durumlarda GenAl destekli etkinliklerin alternatif olarak degerlendirilebilecegini vurgulamaktadir.

Anahtar Kelimeler: uygulama tabanli 6grenme, liretken yapay zeka (GenAl), programlama egitimi, ders algisi,
akademik basari
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Introduction

As digital technologies permeate every aspect of life, it has become important for students to not
only use these tools but also interact with them from a critical and creative perspective. In this
context, digital literacy stands out as a multidimensional competence area that encompasses
students' skills in accessing, using, producing, and sharing information through digital tools (Reichert
et al., 2020). One of the fundamental components of digital literacy is software literacy. Vee (2017)
demonstrates that software literacy (coding literacy) has become a universal competence area, just
like reading and writing, and that this is necessary for individuals to be active in the digital world.
Khoo et al. (2017) considers software literacy a basic digital citizenship requirement. Software
literacy is regarded as a structure that can transform the individual's cognitive processes and modes
of production. This understanding reveals an approach that encompasses not only the knowledge of
programming languages but also the critical evaluation of their possibilities and limitations. Rush
Hovde & Renguette (2017) state that programming languages improve students' technological
literacy as well as their learning to learn, evaluation, and critical thinking competencies. In this
context, the "Information Technologies and Software" course taught at a high school level aims to
develop students' software literacy skills (MEB, 2023).

Within the scope of this course, ninth-grade students take the "Introduction to Programming and
Algorithms" module, followed by modules such as "Programming Languages", "Robotic Coding", or
"Mobile Application Development" in tenth grade. This study is based on the "Programming
Languages" module. Providing only theoretical knowledge is not enough to develop programming
skills. It is essential to provide students with application-based activities to support their learning and
skill development (MEB, 2023). However, the weekly in-class course hours are limited to two. This in-
class hour limitation does not provide students with sufficient practice opportunities in application-
based courses such as programming languages. Programming languages education should not be
limited to teaching only the basic rules of coding. It should also be structured as a learning process
that allows students to understand for what purposes and how they can use this language effectively
(Rush Hovde & Renguette, 2017). The fact that students receive education through application-based
learning, where they interact with software, is a determining factor in their software literacy skill
(Reichert et al., 2020). In this context, it is an important necessity to develop different application-
based approaches and to examine the quality of these approaches. To overcome the limited in-class
time for practice, one effective way is to make use of new technologies that support learning.

In programming education, students often learn best through application-based experiences.
Activities such as designing simple projects like quizzes, calculators, or games using platforms like
Python or Scratch help students engagingly understanding core concepts. These kinds of tasks allow
them to practice writing code, spotting and fixing errors, and applying basic structures like loops and
conditionals (Medeiros et al., 2019). In many classrooms, students collaborate in pairs or small
groups to solve problems together, which supports both learning and motivation. Research also
shows that such application-based approaches can be effectively adapted for younger learners by
integrating coding into creative activities like storytelling, music, and art (Macrides et al., 2022).
Among these, Generative Artificial Intelligence (GenAl) tools have become increasingly popular in
programming education. When supported by GenAl tools like ChatGPT, students can take these
activities further, asking questions about code, getting help when stuck, and receiving instant
feedback. These interactions help make programming feel more personal and accessible, and they
encourage active participation and engagement (Akerfeldt et al., 2024).

GenAl tools can support students' learning according to their individual needs, provide real-time
feedback, and make learning processes more interactive (Hsu & Ching, 2023). The personalized
learning opportunities offered by these tools make learning more effective by providing guidance for
students' cognitive processes, especially in application-based courses (Kadaruddin, 2023). Well-
structured prompts enable students to understand complex concepts, recognize their mistakes, and
access accurate information (Bozkurt & Sharma, 2023). In this context, GenAl tools can partially
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compensate for the lack of application-based activities by taking on a guiding role in courses such as
programming languages (Yilmaz & Yilmaz, 2023). GenAl tools like ChatGPT can act as virtual tutors,
providing students with information, explaining, giving examples, and providing step-by-step
guidance (Baidoo-Anu & Ansah, 2023). This feature can provide support for home-based tasks carried
out outside the classroom and help students structure their learning process. Moreover, it becomes
possible for students to diagnose their learning gaps and receive effective feedback (Dai et al., 2023).
Thus, an environment that supports the individual development of students can be created even in
learning environments devoid of teacher guidance.

Although GenAl has significant potential to improve learning and teaching processes (Bahroun et al.,
2023), there are substantial shortcomings in integrating these tools into educational environments
(Cooper, 2023). Lodge et al. (2023) state that there are still many questions to be resolved regarding
the effects of GenAl, and the need for evidence regarding the benefits of these tools continues to
grow. It is seen that studies on GenAl in education mostly focus on technical structures, and the
pedagogical dimension is not taken into sufficient consideration (Dogan et al. 2023). GenAl should be
embraced as here to stay (Lim et al., 2023) and integrated into all levels of education (Baidoo-Anu &
Ansah, 2023). Although recent research has explored the technical capabilities and potential risks of
GenAl tools in education, many of these studies primarily focus on system performance, ethical
concerns, or usage patterns rather than pedagogical impact. For example, questions around bias,
data privacy, and the reliability of Al-generated content are frequently addressed, yet there is limited
attention to how these tools can be meaningfully integrated into teaching and learning processes
(Cooper, 2023; Dogan et al., 2023; Lodge et al.,, 2023). In contrast, this study highlights the
pedagogical value of GenAl-supported application-based learning in programming education and
aims to contribute to a growing but still underdeveloped body of work focused on instructional
design and student engagement. In this context, this study will not only reveal the impact of
application-based learning but also provide important clues on how GenAl-supported learning can be
used more functionally in educational environments.

Purpose of Research

In this study, two different methods were considered: Application-based in-class activities and
GenAl-supported out-of-class activities. In this context, it is aimed to comparatively examine the
effects of two different methods developed for the need for application-based learning within the
scope of the “Programming Languages” module on students' academic achievement and course
perceptions. The study sought to answer the following research questions:

1. Do different methods (application-based in-class activities and GenAl-supported out-of-class
activities) significantly affect students' academic achievement scores?

2. Do different teaching methods significantly differ students' course perception scores?

3. Is there a significant relationship between students' course perception scores and academic
achievement scores?

Method

This research was conducted in a high school affiliated with the Ministry of National Education in
Ordu province in the 2024-2025 academic year. The study was conducted in three different classes
taking the "Programming Languages" module of the "Information Technologies and Software" course
in the 10th grade. The research process lasted a total of 6 weeks.

The research was designed within the quasi-experimental design, and a control group experimental
design was used (Buyukoztirk et al., 2024). In this design, a control group and two different
experimental groups were included, and the effects of different methods on students' academic
achievement and course perceptions were examined. The groups were matched based on the scores
of the students in the "Introduction to Programming and Algorithms" module they took in the first
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term. No statistically significant difference was found between the groups in terms of grade point
averages (F(2,74) =0.31, p=.734). One of the matched groups was randomly assigned to the control
group, and the other two to the experimental group. Quantitative data were collected to answer the
research questions within the scope of this study. The achievement test developed by the researcher
was used to measure academic achievement, and the Course Evaluation Scale (CES) developed by
Kog and Bulut (2022) was used to determine students' perceptions of the course.

Table 1. Research Design

Group Matching Treatment Post-test
Experiment 1 M X1 01, 02
Experiment 2 M X2 01, 02
Control M X3 01, 02

Xi1= application-based in-class activities, X.= GenAl supported out-of-class activities, Xs3= curriculum based
standard teaching O1= Academic achievement test, O.=Course evaluation scale

Study Group

The study group of the research consists of a total of 77 students studying in three different classes
at the 10th grade level, taking the "Information Technologies and Software" course’s “Programming
Languages" module in the second term of the 2024-2025 academic years. The study was carried out
with the voluntary participation of the students. Before the experimental procedure, it was clearly
stated to the students that the study would be conducted for scientific purposes and that the data
obtained would be analyzed at the group level without including personal information. This study
used convenience sampling, as the participants were selected from existing classes that were already
taking the course as part of their regular school schedule. These classes were included in the study
because they were readily accessible and directly related to the research, rather than being chosen
at random. The distribution of students into groups is presented in Table 2.

Table 2. Demographic Information of Participants

Male Female Total
Group n % n % n %
Experiment 1 4 15.4 22 8.6 26 33.7
Experiment 2 7 29.2 17 70.8 24 31.2
Control 5 18.5 22 81.5 27 35.1

Research Procedure

This study was conducted within the scope of the “Information Technologies and Software” course
(Figure 1). The courses were conducted by the same teacher in line with the curriculum plan (MEB,
2023) to ensure instructional consistency.

UNIT 2
_COURSE ) MODULF Software Development with
Information Technologies Programming Pvthon Programmin
and Software Languages y & g

Language

Figure 1. Link between Course, Module and Unit

In all three groups, two-hour lessons were conducted with the same content and method in line with
the curriculum. The course aims to develop students' algorithmic thinking, problem-solving, and
basic programming skills. In this context, students develop applications using basic programming
structures such as variables, decision structures, loops, and learn to produce solutions to the
problems they encounter during the coding process. The Python programming language is used
within the scope of the course. One in-class lesson hour was added to the first experimental group. In
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this lesson, students performed application-based activities in the classroom under the guidance of
the teacher (Table 3).

Table 3. Application-Based Activities

Week Activities Level Content of Activities
1 Age Calculator Easy input(), int(), if, print()
2 Number Sequence Processing Easy list, for, if, %
3 Mini Grade Evaluation System Medium if-elif-else, input(), int(), str()
4 Calculator App Medium while, def, input(), if-else
5 Number Guessing Game Difficult random.randint(), while, if
6 Hangman Game Difficult string, list, for/while, in, if, break

The second experimental group was given home-based tasks for the application-based activities that
the first experimental group did in class. In these tasks, students were guided through the learning
process with ChatGPT prompts. Students completed their tasks individually using prompts. This
method provided the opportunity to test the potential of GenAl tools (ChatGPT) to take on a role

supporting the learning process. Examples of prompts presented to students are given in Table 4.

Table 4. Number Guessing Game Prompts

Stage

Prompts

Content

Stage 1. Game Description

Prompt 1.1
Prompt 2.1

Stage 2: Comparison

| want to generate a random number between 1
and 100. How do | do this in Python?
| want the user to enter a number. What should |
do to make sure it is received as a number?

Random module, input ()
function, int () conversion.

Prompt 2.1

Prompt 2.2

Stage 3: Game Cycle

| want to compare the user's guess with the secret
number. How do | check if it is equal, greater than
or less than?
If the guess is large, | want it to say "Enter a
smaller number." How do | do that?

Use of if, elif, else blocks.
Logical comparison
operators (==, <, >).

Prompt 3.1

Prompt 3.2

Stage 4: Number of Trials

Let the game repeat until the user guesses
correctly. Which loop and what condition should |
use?

When you guess correctly, exit the loop and give
the message "Congratulations!" How do | do it?

Using the while loop and
loop control variables.

Prompt 4.1
Prompt 4.2

Stage 5: Error Management

| want to count how many times the user guessed.
How do | do that?
I want to show the user a message showing how
many times she guessed the correct answer.

Counter variable (counter
+=1), use of variable in
message (f-string,
format())

Prompt 5.1
Prompt 5.2

Stage 6: Control and Feedback

If the user enters letters instead of numbers, an
error occurs. How can | catch this error?
| want to warn the user when an incorrect entry is
made. How can | do this with “try-except”?

Error catching (try-
except).
Input control using,
ValueError.

Prompt 6.1

The full code | wrote is below. Can you find my
mistakes and give me suggestions?

Code review habit, ability
to receive feedback and
correct.

In the control group, courses were taught in accordance with the curriculum plan and designated
weekly course hours (2 hours of lessons per week). This group followed the standard instructional
approach defined by the national curriculum, which primarily emphasizes theoretical explanations,
textbook-based learning, and teacher-led instruction. No additional practice or application-based
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activities were provided beyond the textbook examples and in-class discussions. Students repeated
code written by the teacher and had limited opportunity to code independently. In this study, the
effects of (1) application-based in-class activities, (2) GenAl-supported out-of-class activities, and (3)
curriculum-based standard teaching process on students' academic achievement and course
perceptions were comparatively examined.

Data Collection Tools

In the study, a multiple-choice test was developed to measure students' academic performance in
the "Software Development with Python Programming Language" unit. The test consisted of 20
items, each item including one correct answer and three distractors (four options in total). Test items
were aligned with the learning outcomes specified in the national curriculum and were limited to the
content covered during the 6-week instructional period. The items were initially developed by the
teacher and reviewed by three university experts in the fields of Information Technologies, Computer
Engineering, and Educational Measurement and Evaluation. Based on expert feedback, necessary
revisions were made to ensure content and construct validity. The test was piloted with a separate
sample of 90 students who received the same training the previous year. As a result of item analysis,
the test demonstrated acceptable psychometric properties. The KR-20 reliability coefficient was
calculated as 0.77, indicating acceptable internal consistency (Basol, 2019). The mean item difficulty
was 0.72, showing that most items were moderately easy, and the standard error was 1.86. The test
means score was 18.11 with a standard deviation of 3.93. These findings support the reliability and
validity of the test for use in the current study. The final version aimed to evaluate students’
programming knowledge, algorithmic thinking, problem-solving skills, and their ability to understand
and apply coding constructs such as variables, loops, and conditional statements. Sample items for
the test are given in Table 5.

Table 5. Sample Test Items

Bloom's Taxonomy
of Cognitive
Domains

ltem Content Explanation

What value will be printed to the screen The student is

when the following Python code is run?
x=7

y=x+3

print (y * 2)

A) 10

B) 14

C) 20

D) 24

Understanding

Defining variables and
performing operations

expected to
understand the
operations in the
given code block
and find the result
by understanding
the values of the
variables.

When the following Python code block
is run, what will be displayed on the
screen if the user enters 137?
age = int (input ("Enter your age: "))
if age >=18:

print ("You are an adult.")
else:

print ("You are not an adult.")
A) You are an adult.
B) You are not an adult.
C) Gives an error.
D) It doesn't write anything on the
screen.

Applying

Use of decision
Structure (if-else)

The student is
expected to make
input-output
connections using
a decision
structure and
analyze the
operation of this
structure on a real
scenario.
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The Course Evaluation Scale (CES) developed by Ko¢ and Bulut (2022) was used to determine the
students' perception levels towards the course. The scale has a 5-point Likert-type scale. The scale
consists of 24 items and 4 sub-factors. Course (10 items), Instructor (7 items), Method-Technique (4
items), Exam (3 items). The minimum score that can be obtained from the scale is 24, and the
maximum score is 120. High scores obtained from the scale indicate that students perceive the
quality of the course positively. The overall Cronbach's Alpha coefficient of the scale is 0.94, and
these coefficients for the sub-factors are reported as 0.93 (course), 0.91 (instructor), 0.86 (method-
technique), 0.93 (assessment and evaluation). The factor structure of the scale explains 69.3% of the
total variance, and the factor loadings vary between 0.47 and 0.98. The values obtained from the fit
indices show that the model has a good level of fit (X?/df = 1.98, RMSEA = 0.063, NFl = 0.90, GFI =
0.86, CFl = 0.94, IFl = 0.98, TLI = 0.94). The fact that the item-total correlations are in the range of
0.49-0.90 indicates that the scale is strong in terms of internal consistency and discrimination (Ko¢ &
Bulut, 2022).

Data Analysis

Statistical calculations were made on the data collected within the scope of the research using
guantitative data analysis methods in line with the research questions. In the analysis of the data,
firstly, the assumptions of normality and variance homogeneity were tested, and parametric tests
were used (Buyukoztirk, 2024).

One-way ANOVA was applied to determine the effects of different teaching methods on both
students' academic achievements and perception scores of the course. The Scheffe test was used
when variance homogeneity was provided, and the Games-Howell multiple comparison test was
used when variance homogeneity was not provided to determine which groups had significant
differences between the groups. This analysis was carried out in the context of perceptions regarding
the sub-factors of the scale (course, instructor, method-technique, assessment and evaluation).
Pearson Correlation Coefficient was used to examine the relationship between students' course
perception scores and academic achievement scores.

Findings

Findings Regarding Students' Academic Achievements

Descriptive statistics for achievement test score of students taking courses with three different
methods: Application-based in-class activities (Experiment 1), GenAl supported out-of-class activities
(Experiment 2), and curriculum based standard teaching (Control) are given in Table 6.

Table 6. Descriptive Statistics for Academic Achievement Test Scores

Group N M SD Skewness Kurtosis
Experiment 1 26 80.19 12.23 -0,33 -0,31
Experiment 2 27 79.63 8.39 -0,96 0,92
Control 24 75.42 12.41 -1,08 1,13

While the academic achievement mean score of the students in the Experiment 1 and Experiment 2
groups was found to be quite close to each other (80.19 and 79.63), the mean score of the students
in the control group was determined to be lower (75.42). The results of the ANOVA test conducted to
determine whether this difference was statistically significant are presented in Table 7.
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Table 7. ANOVA Results of Academic Achievement Test Scores

Variance Source Sum of Squares Degrees of Mean of Squares F p
(SS) Freedom (df) (MS)

Between Groups 337.079 2 168.539 1.203 0.306

Within Groups 10366.168 74 140.083

Total 10703.247 76

The distribution of the variables was examined based on skewness and kurtosis, and the results (see
Table 6) indicated that the data were within acceptable limits (£1,5) for normality (Tabachnick &
Fidell, 2019). According to the results of the Levene test performed before the analysis, it was
determined that the variances were homogeneous (Levene Statistic = 0.631; p = 0.535). As a result of
the one-way ANOVA analysis, no statistically significant difference was found between the groups in
terms of academic achievement scores of students (F(2,74) = 1.203, p = 0.306).

Findings Regarding Students' Course Perception

The Course Evaluation Scale (CES) scores of students who received education according to different
teaching methods are presented in Table 8.

Table 8. Course Evaluation Scale Mean Scores

Assessment
Course Instructor Method-Technique and Total
Evaluation
M SD M SD M SD M SD M SD
Experiment 1 3.91 0.43 4.80 0.21 4.68 0.18 4.47 0.62 4.34 0.25
Experiment 2 4.21 0.64 4.89 0.21 4.98 0.09 4.74 0.37 4.56 0.33
Control 3.43 0.62 4.54 0.43 4.13 0.33 421 0.55 3.91 0.37

When both the general scores and the sub-factor scores related to perception of the students are
examined, it is seen that the students in the experiment 2 group have the highest scores. While the
scores of the experiment 1 group are close to the experiment 2 group, it was determined that the
students in the control group have lower perception scores than both experimental groups in all
factors. It was observed that the students' scores were close to normal distribution (Table 9) and the
group variances were homogeneous (Levene Statistic = 2.218, p = 0.116). The course perception
scores of students in different groups are given in Table 10.

Table 9. Skewness and Kurtosis Values of Students’ CES Scores

Skewness Kurtosis
Statistic Std. Error Statistic Std. Error
Experiment 1 -0.68 0.47 -0.34 0.92
Experiment 2 0.01 0.46 -0.86 0.89
Control -1.10 0.45 0.81 0.87

Table 10. ANOVA Results regarding General Course Perception Scores

Variance Source Sum of Degrees of Mean of F Post Hoc
Squares (SS) Freedom (df) Squares (MS) P

Between Groups 5.446 2 2.723 26.977 0.000 C-E1*

Within Groups 7.470 74 0.101 C-E2*

Total 12.916 76

Note: Significant at p < .01 level, C= Control group, E1= Experiment 1, E2= Experiment 2

As a result of ANOVA analysis, it was found that there was a statistically significant difference
between the groups in terms of general course perception scores (F (2,74) = 26.977, p < 0.001).
According to the Post-Hoc analysis results, the general course perception scores of the students in
both experiment 1 (application-based in-class activities) and experiment 2 (GenAl supported
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activities) groups were significantly higher than those of the students in the control group
(curriculum-based standard teaching). The ANOVA results regarding the students' scores on the scale
sub-factors are presented in Table 11.

Table 11. ANOVA Results regarding Scale Sub-factor Scores

Variance Source Sum of Degrees of Mean of F 0 Post
Squares (SS) Freedom (df) Squares (MS) Hoc

Course

Between Groups 7.919 2 3.959 12.102 0.000 C-E1**

Within Groups 24.210 74 0.327 C-E2*

Total 32.129 76

Teacher

Between Groups 1.621 2 0.810 9.183 0.000 C-E1**

Within Groups 6.530 74 0.088 C-E2*

Total 8.151 76

Method-Technique

Between Groups 9.508 2 4754 98.804 0.000 C-E1*

Within Groups 3.560 74 0.048 C-E2*

Total 13.068 76 E1-E2*

Exam

Between Groups 3.606 2 1.803 6.565 0.002 K-D2*

Within Groups 20.323 74 0.275

Total 23.929 76

Note. * Significant at p < .01 level, ** Significant at p < .05 level, C= Control group, E1= Experiment 1, E2=
Experiment 2

As a result of ANOVA analysis, significant differences were found between the groups in the students'
perception scores regarding the course and instructor sub-factors. According to the Post-Hoc analysis
results, the course and instructor sub-factor scores of the students in the control group were
significantly lower than those of the students in the experiment 2 group at the p < .05 level, and
lower than those of the students in the experiment 1 group at the p < .01 level. In the method-
technique sub-factor, a significant difference was found between the students in control group and
both experimental groups in favor of the experimental groups (p < .01). Additionally, a significant
difference was found between the students in the experiment 1 group and the students in the
experiment 2 groups in this sub-factor, in favor of the experiment 2 group (p < .01). In the
assessment and evaluation sub-factor, a statistically significant difference was found only between
the students in group control and group experiment 2, in favor of experiment 2 (p < .01).

These findings reveal that different teaching methods have a significant effect on students' course
perceptions. It was determined that the perceptions of the students in the experimental groups,
instructor and method-technique sub-factors were more positive compared to the students in the
control group.

Findings Regarding the Relationship between Students' Course Perception Scores and Academic
Achievements Scores

Table 12. The Relationship between CES Scores and Academic Achievement Test Scores of Students

Variables N M SD r p
Academic Achievement Test Scores 77 78.51 11.87 0.174 0.129
Course Evaluation Scale Scores 77 4.29 0.41

As seen in Table 12, there is a weak positive relationship between the students' course evaluation
scale (CES) scores and their academic achievement test scores (r = 0.174, p = 0.129). However, this
relationship was not found to be statistically significant. This result shows that there is no direct
relationship between the students' course perceptions and their academic achievement.
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Discussion

Recent studies suggest that the impact of technology-supported and application-based learning may
not be fully reflected in short-term measurement (Baidoo-Anu & Ansah, 2023; Hsu & Ching, 2023). In
line with this, our findings indicate that although no significant difference was observed in academic
performance, the trend favors application-based and GenAl-supported approaches. Reichert et al.
(2020) also emphasized that individuals' familiarity with digital software tools can have decisive
effects on students’ performance. Therefore, the absence of a significant difference in achievement
can be considered a result of short-term measurement. In the long term, it can be expected that
academic achievement differences will become more pronounced as students become more
accustomed to technology-supported learning styles and self-regulated processes.

In this study, students in both experimental groups reported significantly higher scores in general and
sub-dimensions of course perception compared to the control group. These findings show that
application-based and GenAl-supported learning processes strongly impact student course
perceptions. This finding also supports the emphasis in the literature that software literacy and
digital literacy are among the basic components of contemporary learning environments (Aydinlar et
al., 2024; Reichert et al., 2020). Khoo et al. (2017) emphasize that students need to develop critical
and conceptual perspectives beyond being merely digital tool users. The finding that GenAl-
supported learning processes and application-based in-class activities increase students' course
perception scores is consistent with the principle of active student participation in learning and
taking responsibility for learning, as highlighted by constructivist learning theory (Duffy & Jonassen,
1992). The integration of information and communication technologies into the learning process
makes it possible to implement constructivist practices more functionally (Kilig¢ Cakmak et al., 2017).
Pavlik (2025) states that GenAl offers significant opportunities for designing participatory learning
processes within the framework of constructivist theory. In this context, it becomes a pedagogical
learning partner, turning students into active participants in learning environments.

The finding that GenAl-supported learning environments positively affect students' course
perception is also parallel to the literature (Bahroun et al., 2023; Lim et al., 2023). Similarly, students
tend to perceive GenAl as a personalized, time-efficient, and easily accessible learning assistant,
reflecting a positive attitude towards its integration into education (Monib et al., 2025; Obenza et al.,
2024). GenAl tools provide students with personalized learning experiences that meet their
individual needs. It supports learning processes by providing continuous feedback through formative
assessment practice. In the study conducted by Yilmaz and Yilmaz (2023), it was revealed that GenAl-
supported education increased students' cognitive thinking skills, programming self-efficacy, and
motivation.

In the curriculum-based control group, programming instruction was delivered through theoretical
explanations and textbook-based materials. Control group, the instruction followed a teacher-
centered "demonstrate-and-follow" model. While students repeated the codes written by the
instructor, they had limited opportunities to independently write or modify code themselves due to
time constraints. As a result, the process relied heavily on passive observation rather than active
engagement in programming. Considering that curriculum-based standard teaching cannot meet the
needs of students due to time and resource limitations, GenAl-based solutions like ChatGPT can
provide an important alternative (Lodge et al., 2023). These tools can overcome time and space
limitations by providing individualized guidance and increasing students' active participation in the
learning process (Hsu & Ching, 2023). In addition, one of the most challenging situations for students
during out-of-class activities is not being able to reach the teacher for support when needed. Lack of
feedback negatively affects students' homework completion behaviors and time management,
indirectly decreasing success (Nuiez et al.,, 2015). In addition, teachers' inability to adequately
recognize the difficulties experienced by students, combined with the lack of this support, leads to a
more negative perception of the process from the student's perspective (Hong et al., 2011). At this
point, providing GenAl support in out-of-class activities stands out as an important opportunity for
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students to access guidance when they need it. In this study, prompts were given to the student’s
ready-made. Providing accurate, clear, and relevant prompts is also a critical requirement for the
effective use of GenAl tools (Bozkurt & Sharma, 2023). Students' possession of these skills will
contribute to the deepening of learning by supporting critical thinking, problem solving, and
creativity.

In conclusion, the findings of this study show that in-class application-based activities and GenAl-
supported out-of-class activities, compared to curriculum-based instruction, strengthen students'
course perceptions scores across all sub-dimensions (course, instructor, method-technique, and
assessment). While no statistically significant differences were found in achievement scores among
the groups, both experimental groups showed higher average scores than the control group.
Although the short-term academic achievement effects may not yet be significant, they may become
more visible over time as students adapt to more personalized and participatory learning methods. In
this context, the integration of GenAl tools in education should be considered not only as a
technological innovation but also as a pedagogical transformation, especially in programming
instruction. Establishing a structure that encourages students to take responsibility for their learning
and supports constructive and personalized learning experiences will ensure more effective and
sustainable learning outcomes in educational environments.

Conclusion and Recommendations

The findings of this study show that application-based in-class activities and ChatGPT-supported
activities strengthen students' course perceptions, but their effects on academic achievement are
not evident in the short term. The increase in student perception highlights the importance of an
environment that encourages individual participation and responsibility for learning within the
framework of constructive learning theory. GenAl-supported learning applications stand out as an
effective alternative, especially for educational environments with time and space constraints, by
offering personalized guidance and instant feedback. In this context, the integration of GenAl tools
into educational environments may be considered as a pedagogical way to support students with
application-based learning experiences in out-of-class.

Based on the significant differences observed in students' course perception levels, this research
recommends that application-based lesson hours be expanded in the curriculum. Students in both in-
class activities and GenAl-supported learning conditions reported more positive perceptions of the
course, instructor, and instructional methods, highlighting the need to foster active and engaging
learning environments. Especially in courses such as “Information Technologies and Software”,
course weekly lesson hours can be increased, and application-based in-class activities opportunities
can be provided. In cases where in-class hours are limited, moving application-based activities to the
out-of-class environment supported by GenAl-based methods can be considered as an alternative. To
encourage students’ familiarity with software tools and the development of their software literacy,
GenAl-supported activities can be planned from early on. In addition, teachers' pedagogical
competencies can be improved so that they can provide effective prompts and sample application
scenarios to their students. Additionally, for students to utilize GenAl tools, they must develop the
skills to create accurate, clear, and relevant prompts when interacting with these tools. As a result,
rather than seeing GenAl tools merely as a support tool, using them as a component that will
strengthen students' active participation and meaningful learning processes will pave the way for
permanent and sustainable gains in education.
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Limitations and Future Research

This study has several limitations. First, the short-term measurement of academic achievement and
course perception prevented the evaluation of long-term effects. The absence of a pre-test limits
internal validity, as prior group equivalence could not be fully ensured despite matching based on
previous course grades. Additionally, individual differences in students' familiarity with digital tools
may have influenced learning outcomes. Conducting the study within a single course and grade level
limits external validity and generalizability. Finally, relying solely on self-reported perception data
suggests the need for more objective measures in future research.
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