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1. Introduction 
 

Today, with the rapid advancement of technology, digital transformations are expected in the field of 
education. Recently, one of the most important elements of this transformation is the use of artificial 
intelligence-based systems in education and the integration of artificial intelligence language model 
supported chatbots into educational processes (Verleger & Pembridge, 2018; Yildiz-Durak, 2023). 
Artificial intelligence integration in education is increasingly manifesting through various applications 
(Raffaghelli et al., 2022; Rahman & Watanobe, 2023). Dialogue education systems, chatbots, data mining 
in education, article analysis of students, experiential education, education for children with special 
needs, intelligent agents, child and robot interaction, artificial intelligence-based assessment systems, 
automatic test creation systems can be given as examples of these applications (Holmes et al., 2023). On 
November 30, 2022, Open AI released ChatGPT, an artificial intelligence language model with 
functionality in a few areas, including education, coding, creative writing, information research, and 
general conversation (Gill & Kaur, 2023). In addition, with this artificial intelligence language model, 
tasks such as answering questions, providing information, producing creative content, and explaining 
complex concepts have started to be fulfilled in a very short time. ChatGPT, which is the most interesting 
and increasingly used chatbot application of recent times, has more than one million users as of today 
(Keles, 2023). 

A chatbot is a software program that can communicate with humans through natural language. This 
term, created by combining the words "chat" and "robot", describes artificial intelligence systems 
designed to assist humans, usually through text-based or voice dialogues (Luo et al., 2022). Chatbots are 
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Abstract: Recently, the use of artificial intelligence in education is one of the more frequently 
discussed issues by researchers. Especially the use of artificial intelligence applications called 
chatbots or artificial intelligence language models in education is increasing day by day. Although the 
use of chatbots in education is possible for every course, it is observed that students intend to use 
chatbots as an assistant, an instructor, or a guide, especially in computer programming courses, which 
are difficult to learn and have complex structures. In this context, the aim of this study is to examine 
the intention of university students taking computer programming courses to use chatbots in their 
education. The participants consisted of 413 university students studying at a state university and 
taking a "computer programming" course in the 2023-2024 academic year. Descriptive statistics, 
independent sample t-test and one-way analysis of variance (ANOVA) were used to analyse the data. 
Results have shown that university students indeed possess intentions to use chatbots in computer 
programming education and this intention is mostly motivated by the performance expectation 
towards the course.  In addition, for the purposes of using chatbots in computer programming 
education; conceptual understanding, identifying errors in program code and looking up for correct 
syntactical rules were among the most prominent reasons. In terms of independent variables, while 
there was no difference in terms of department, income status, device using chatbots, and the role 
attributed to chatbot by the student, a significant difference was found in terms of gender, grade level, 
use experience and frequency of chatbots use. According to the study, university students studying 
programming plan to use chatbots powered by artificial intelligence, and the usage of chatbots in 
programming education is expected to grow over time in tandem with the advancement of AI 
technology. 
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applications that have the potential to help students better understand the subjects they do not 
understand by providing an interactive learning experience. Chatbots also provide students with 
personalised and interactive learning experiences by using artificial intelligence sub-disciplines such as 
natural language processing and machine learning (Kerlyl et al., 2006). In particular, the rising trend of 
technology in the field of education, the integration of artificial intelligence and chatbot technologies 
into teaching methodologies opens new horizons for educators and students, especially in challenging 
courses. In courses such as computer programming, chatbots have been claimed to support students 
with teaching, mentoring, and assisting roles (Moon et al., 2023). Programming or coding courses can 
be quite challenging for students with their complex, abstract and dynamic concepts (McCracken et al., 
2001; Qian & Lehman, 2017). In this context, it is argued that integrating artificial intelligence into the 
classroom can be useful in helping students learn abstract ideas such as programming and algorithmic 
thinking. In parallel with the idea that the use of artificial intelligence in overall educational efforts will 
reduce the cognitive load of students (Fryer et al., 2020), it is also thought that the use of such 
applications in programming education might also help students reduce the high cognitive load 
encountered by students in programming courses. In a study by Okonkwo and Ade-Ibijola (2020), a 
chatbot system called Python-Bot was presented to novice programmers. As a result of the use of this 
system, it was stated that most students taking Python programming courses and students who had 
previously completed a Python programming course agreed that this tool was user-friendly, simplified 
the task of internalizing programming logic and improved Python programming skills overall. Biswas 
(2023) emphasised that ChatGPT offers a wide range of capabilities for computer programming, 
including code completion, correction, prediction, error correction, optimisation, document generation, 
chatbot development, text-to-code conversion and increases the productivity of programmers. 
Similarly, Surameery and Shakor (2023) mention the capabilities of ChatGPT in providing debugging 
assistance, error prediction and error explanation to help solve programming problems. As can be seen 
from the related literature, the benefits of using chatbots in programming education and the capabilities 
of chatbots are discussed. However, in addition to the benefits that chatbots use can bring to education, 
students' intentions, and acceptance for the use of new technologies such as chatbots in education gain 
importance. 

The use of technology in education, especially in the case of new tools such as chatbots, has been studied 
using various theoretical models to understand how individuals’ approach and adopt these 
technologies. These models have an important role in elucidating users' behaviours and expectations 
towards these behaviours, especially the influence of personal factors. For example, the Unified Theory 
of Acceptance and Use of Technology (UTAUT), which was developed by Venkatesh et al. (2003), 
identifies four main elements and four moderating factors to explain how individuals accept and use 
new technologies. These are (a) performance expectancy, (b) effort expectancy, (c) social influence and 
(d) facilitating conditions. Age, gender, experience, and education are considered as moderators. Each 
of these factors can change the effect of the four main factors mentioned above. The UTAUT model has 
been frequently used to analyse technology acceptance in a wide range of fields (Dwivedi et al., 2011), 
especially in the field of education. The results of the study by Raffaghelli et al. (2022) showed that the 
UTAUT model is a valid and widely used model for analysing technology acceptance in many fields, 
including education. Recent studies have found that the UTAUT model is also effective in evaluating the 
acceptance of technologies such as chatbots (Williams et al. 2015; Kim et al., 2019). 

The rapid progress of technological developments necessitates the adaptation of individuals to rapid 
changes to commence as smoothly as possible. As Teo et al. (2019) emphasized, individuals' intentions 
to accept technology play a critical role in successfully integrating these developments into society. 
Based on this information, it can be said that one of the prerequisites for university students to 
encourage the use of new technologies such as chatbots is technology acceptance and intention. This is 
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especially true in a difficult domain such as computer programming education, which comprise a high 
demand technical skill that holds promise for both individuals and for nations when learned properly. 
Under these circumstances, the acceptance and intention of university students towards use of AI 
chatbots in education gain greater importance. In a developing country like Turkey, it is essential to 
determine the moderator variables that affect technology acceptance in education, understand students' 
intentions to use chatbots, and create scenarios for integrating chatbots into education. This study aims 
to contribute to the literature by examining university students' intentions regarding the use of artificial 
intelligence in education. Specifically, it aims to examine the intention of university students taking 
computer programming courses to use chatbots in education. The study seeks answers to the following 
research questions: 

1. What is the level of chatbot use intention of university students taking computer programming 
courses?  

2. For what purposes do university students taking programming education courses use chatbots in 
their education? 

3. Do the intention of university students taking computer programming courses towards using chatbots 
in education vary according to the following independent variables? 

a. Gender, 

b. Department, 

c. Grade level, 

d. Parental income status, 

e. Chatbot use experience, 

f. Device used for chatbot access,  

g. Frequency of chatbot use, 

h. Role attributed to chatbot by the student. 

2. Methodology 

In this study, which was conducted to examine the intention of university students taking computer 
programming courses to use chatbots in education in terms of various variables, a quantitative 
descriptive method was used. Descriptive methods are used in studies in which the views of the 
participants on a subject or event or their interests, skills, abilities, attitudes, etc. are determined, and 
which are generally conducted on larger samples than other studies (Buyukozturk et al., 2008).  In this 
study, the quantitative descriptive method was used to determine the intention of university students 
taking computer programming courses to use chatbots in education and to determine whether this 
intention differs according to certain variables. 

2.1. Participants 

The participants of the study consisted of 413 university students taking computer programming 
courses in Computer Engineering, Mechanical Engineering and Econometrics departments at a state 
university during the 2023-2024 academic year. It was determined that 121 (29.3%) of the participants 
were female and 292 (70.7%) were male students. The average age of the university students was found 
to be M=20.30. Table 1 shows all demographic information of the participants. 
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Table 1 

Frequency-Percentage Data of the Participants 

Variables  N % 
Gender    

 Female 121 29.3 
 Male 292 70.7 

Department    
 Computer Engineering 

Mechanical Engineering 
238 
140 

57.6 
33.9 

 Econometrics 35 8.5 
Grade level    

 1st grade 163 39.5 
 2nd grade 128 31.0 
 3rd grade 64 15.5 
 4th grade 58 14.0 

Parental Income status    
 11.000- 20.000 TL 

21.000- 30.000 TL 
31.000- 40.000 TL 
40.000 TL and above 

132 
127 
84 
70 

32.0 
30.8 
20.3 
16.9 

Prior Chatbot Use Experience    
 Yes 295 71.4 
 No 118 28.6 

Chatbot Type Used    
 Chat GPT 

Copilot 
Google Bard 
Tabnine Al 
Not using 

270 
12 
11 
2 

118 

65.4 
2.9 
2.7 
0.4 

28.6 
Device Used for Chatbot Access    

 Smartphone 94 22.8 
 Computer 201 48.7 
 Not using 118 28.6 

Frequency of Chatbot Use 
(Weekly) 

   

 1-10 times 
11-20 times 
21-30 times 
Not using 

177 
70 
48 

118 

42.9 
16.9 
11.6 
28.6 

Role Attributed to Chatbot    
         Assisting 190 46.0 
         Learning 128 31.0 
         Mentoring 95 23.0 

Total Participants   413 100.0 

 
2.2. Data collection tools 

A survey form was developed by the researchers as a data collection tool in the study.  The research 
form consists of two parts. The first part includes demographic data (gender, age, department, grade 
level, and income status etc.) and information about chatbots usage (prior chatbots use experience, type 
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of chatbots used, frequency of chatbots use, device used for chatbot access, and role attributed to 
chatbots etc.) and the second part includes the intention to use chatbots in education scale. 

Behavioural Intention Scale for Using and Learning Chatbot in Education. The adaptation of the 
"Behavioural Intention to Use and Learn Chatbot Scale" developed by Mokmin and Ibrahim (2021) into 
Turkish was conducted by Yildiz Durak and Onan (2023). The scale adapted to Turkish consists of 24 
items and 8 sub-dimensions. The scale is 7-point Likert type. Cronbach α internal consistency coefficient 
of the scale was calculated as 0.96. Cronbach α internal consistency coefficient for performance 
expectancy factor was 0.91, 0.92 for effort expectancy, 0.91 for attitude towards improving learning, 
0.86 for social influence, 0.84 for facilitating conditions, 0.90 for self-efficacy, 0.89 for anxiety, 0.92 for 
behavioural intention to use/learn **chatbots**. Finally, the fit indices of the scale **were** [χ2(224) 
=871.50, χ2/df= 3.89, RMSEA= 0.063, GFI= 0.91, NFI= 0.99, NNFI=0.99, CFI=0.99, IFI=0.99]. In this study, 
the Cronbach α internal consistency coefficient of the behavioural intention to use/learn chatbots factor 
was calculated as 0.89. 

2.3. Data collection and analysis process 
 

In the study, the data collection process lasted for one month during January in the autumn term of the 
2023-2024 academic year. Before starting the data collection process, ethics committee approval was 
obtained with the decision numbered 01/23 taken at the meeting of Trakya University Social and 
Human Sciences Research Ethics Committee dated 24.01.2024 (Number: E-29563864-050.04-589075). 
Data were collected both online and face-to-face by the researchers. It took approximately 10 minutes 
to fill out a research form. Firstly, the participants were informed about the research, and it was 
explained that participation in the research was voluntary.  Before analysing the data, normality 
assumption was tested. According to the results of the Kolmogorov-Smirnov test, it was determined that 
the data were normally distributed (p=.07). In addition, Levene's test was performed to check the 
homogeneity assumption. As a result of the test, it was seen that the homogeneity assumption was met 
in terms of department, grade level, parental income status and frequency of chatbots use variables 
(p>.05). For this reason, parametric tests were used to analyse the data. In this respect, descriptive 
statistics, independent sample t-test and one-way analysis of variance (ANOVA) were used in the study. 
The effect size of the analysis results was also calculated in the study using the eta square coefficient. 
 

3. Findings 

In the study, the findings are explained in the order of the research questions and by giving direct 
research questions. 

3.1. What is the level of chatbots use intention of university students taking computer 
programming course? 

In this quantitative study examining the intention to use chatbots in education of university students 
taking computer programming course, the average score obtained from the intention to use/learn 
chatbots in education was M=5.47. When the mean scores of the other sub-factors of the scale were 
examined, performance expectation as M=5.29, effort expectation as M=5.10, attitude towards 
improving learning as M=4.83, social influence as M=3.42, facilitating conditions as M=4.44, self-efficacy 
as M=4.73, anxiety as M=2.45 were determined. Table 2 shows the descriptive statistics of the scale and 
its sub-factors. 
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Table 2 

Descriptive Statistics of the Scale and Its Sub-Factors 
 

When Table 2 is examined, it is seen that the behavioural intention and performance expectation levels 
of university students towards using/learning chatbots in education are at a high level, their intention 
to use chatbots in education in terms of anxiety and social influence factors is at a low level, and other 
factors are at a medium level. As a result of these findings, it can be concluded that university students 
intend to use chatbots in computer programming education. 
 
3.2. What are the purposes of using chatbots in programming education of university students 

taking computer programming course? 

When the purposes of using chatbots in the education of university students taking programming 
courses were examined, it was seen that there were basically 6 purposes of their use. It was observed 
that 290 (98.3%) of the students who used chatbots in programming education used chatbots to learn 
the subject related to programming. Following this, 282 (95.6%) of the students use chatbots to find and 
debug code errors in programming. Table 3 shows the purposes of using chatbots in programming 
education of university students. 

Table 3 

Scenarios of Chatbots Usage Purposes in Computer Programming Education 
 

Purpose of Using Chatbots in Programming Education* N % 

Conceptual learning about programming 290 98.3 

Code error detection and debugging (Debug) 282 95.6 

Reference material about syntactical rules (Syntax) 255 86.4 

Analysing the codes of homework and in-class exercises 247 83.7 

Preparing for programming exams 161 54.6 

Creating another programming examples without exercise in course 146 49.5 

 

* The number of university students using chatbots in Computer Programming education was 
determined as 295 (100%). However, since more than one option can be selected for the purpose of 

Scale and Sub Dimensions N Min Max Mean Std. Dev. 

 1.Performance expectation 413 1.00 7.00 5.29 1.240 

 2.Effort expectation 413 1.00 7.00 5.10 1.308 

 3.Attiude towards improving learning 413 1.00 7.00 4.83 1.326 

 4.Social Influence 413 1.00 7.00 3.42 1.605 

 5.Faciliating conditions 413 1.00 7.00 4.44 1.292 

 6.Self-efficacy 413 1.00 7.00 4.73 1.610 

 7.Anxiety 413 1.00 7.00 2.45 1.340 

 8.Behaviorual intention to use/learn chatbot 413 1.00 7.00 5.47 1.322 
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using chatbots in education in the research form created to collect data in the study, this number exceeds 
295. In this respect, the total number of university students is not included in the table. 

When Table 3 is examined, it is seen that university students primarily use chatbots in programming 
education to learn certain conceptual topics and to find errors in code writing. This result shows that 
chatbots support students in learning at their own pace and provide advantages in terms of personalised 
learning. Following this, it was also found that students used chatbots as a reference material for the 
syntax of programming language codes. Thus, it is seen as valuable in terms of time that students can 
quickly access information in terms of programming from anywhere at any time. Finally, it was revealed 
that students used chatbots to analyse the program codes they did in the lessons or assigned homework, 
but they used chatbots less frequently to prepare for exams or to produce new programming research. 
These findings suggest some positive effects or concerns in terms of deep or surface learning approaches 
in programming education for university students. 
 

3.3. Do the chatbots usage intentions of university students taking programming courses vary 
according to gender? 

 

An independent sample t-test was conducted to determine whether there is a difference in terms of 
gender in the intention to use Chatbot in education of university students taking computer programming 
courses.  As a result of the test, there was a significant difference between male and female university 
students in terms of their intention to use chatbots in education (p=.04). According to finding, Male's 
intention to use chatbots in education is higher than female. Table 4 shows the results of the 
independent sample t-test analysis. 
 

Table 4 
 

Independent Sample T-Test According to Gender 
 

Gender N  Mean Std. Dev.  df t  p  Effect 
size 

Female 121   5.27 1.323 
411 -2.016  .04* .01 

Male 292 5.56  1.314  
 * Significance at .05 level 
 
3.4. Do the chatbots usage intentions of university students taking computer programming 

course vary according to the department? 
 

One-way analysis of variance (ANOVA) was performed to determine whether there is a significant 
difference in the Chatbot usage intentions of university students taking computer programming courses 
according to the department of study. As a result of the ANOVA test, no significant difference was found 
between the student groups in terms of the department of education (p=.13). The results of the analysis 
are shown in Table 5. 
 

Table 5 
 

ANOVA Analysis Results According to the Department  
 

 Sum of squares df Mean of squares F p 

Between groups 7.223 2 3.611 
2.077 .13 

Within groups 713.058 410 1.739 

Total 720.281 412    
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3.5. Do the chatbots usage intentions of university students taking computer programming 
education vary according to the grade level? 

 

ANOVA analysis was performed to examine whether the chatbots usage intentions of university 
students taking Computer Programming courses vary significantly according to the grade level. As a 
result of ANOVA analysis, a significant difference was found between student groups in terms of class 
level (p=.00). Tukey which is one of the post-hoc test was used to investigate the differences between 
groups. According to findings, 1st grade students' intention to use chatbots in education(M=5.69) is 
higher than 2nd (M=5.26) and 3rd (M=5.17) grade students. The results of the analysis are shown in Table 
6. 
 

Table 6 
 

ANOVA Analysis Results According to Grade Level  
 

Grade level N Mean Std. Dev. df F p Difference 
Effect 
size 

1st grade 163 5.69 1.223 
  3 
409 

4.238 .00** 1>2, 1>3 
 

2nd grade 128 5.26      1.335 .03 
3rd grade 64 5.17 1.364  
4th grade 58 5.67 1.402      
** Significance at .01 level 

3.6. Do the chatbots usage intentions of university students taking computer programming 
courses vary according to income status? 

 

ANOVA analysis was performed to examine whether the chatbots usage intentions of university 
students taking Computer Programming courses differ according to income status. As a result of the 
analysis, no significant difference was found between the student groups in terms of income status 
(p=.97). The results of the analysis are shown in Table 7. 
 

Table 7 
 

ANOVA Analysis Results According to Income Status  
 

 Sum of squares df Mean of squares F p 

Between groups .146 3 .049 
.028 .97 

Within groups 720.136 409 1.761 

Total 720.281 412    
 

3.7. Do the chatbots usage intentions of university students taking computer programming 
course vary according to their chatbots use experience in education? 

 

Independent sample t-test was conducted to test whether the Chatbot usage intentions of university 
students taking Computer Programming course vary according to the experience of using chatbots in 
education. According to the results of the independent sample t-test, a significant difference was found 
between the student groups (p=.00). It was concluded that the significant difference obtained was in 
favour of university students (M=5.58) who had previous experience of using Chatbot in education. 
Table 8 shows the results of the analysis. 
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Table 8 
 

Independent Sample T-Test According to Prior Chatbots Use Experience 
 

Chatbot use experience N  Mean Std. Dev.  df  t  p  Effect 
Size 

Yes 295 5.58 1.272 
411  2.668 .00** .02 

No  118 5.20 1.410 
 ** Significance at .01 level 
 

3.8. Do the chatbots usage intentions of university students taking computer programming 
course vary according to their device used for chatbots? 

 

Independent sample t-test was conducted to test whether the Chatbot usage intentions of university 
students taking Computer Programming course vary according to the device using chatbots in 
education. According to the results of the independent sample t-test, a significant difference was not 
found between the student groups (p=.71). Table 9 shows the results of the analysis. 
 

Table 9 
 

Independent Sample T-Test According to Device Used for Chatbots 
 

Chatbot use experience N  Mean Std. Dev.  df  t  p  

Smartphone 94 5.53 1.378 
293  -.378 .71 

Computer 201 5.58 1.227 
 ** Significance at .01 level 
 

3.9. Do the chatbots usage intentions of university students taking computer programming 
courses differ according to the frequency of chatbots use? 

 

In order to examine whether the chatbots usage intentions of university students taking Computer 
Programming courses vary according to the frequency of chatbots usage, ANOVA analysis was 
performed on the sample of university students who had previous chatbots usage experience. As a result 
of the analysis, a significant difference was found between the student groups in terms of the frequency 
of chatbots use in education (F (2, 292) =11.767; p=.00). Tukey HSD test, one of the post-hoc tests, was 
applied to test between which groups the significant difference was between. According to the results 
of the test, the intention to use chatbots in computer programming education is significantly lower 
among university students who use chatbots 1-10 times (M=5.34) a week for computer programming 
education than those who use chatbots 21-30 times (M=6.31). In addition, the intention to use chatbots 
in education of university students who use chatbots 11-20 times (M=5.63) weekly for computer 
programming education is significantly lower than those who use chatbots 21-30 times (M=6.31).  The 
results of the analyses are shown in Table 10. 
 

Table 10 
 

ANOVA Analysis Results According to the Frequency of Chatbots Use 
 

Frequency of chatbots use 
(Weekly) 

N Mean Std. Dev. df F p Difference 
Effect 
size 

1-10 times 177 5.34 1.317 
2 

292 
11.767 .00** 3>1, 3>2 

 
11-20 times 70 5.63 1.215 .06 
21-30 times 48 6.31 .870  
** Significance at .01 level 



Deniz Mertkan Gezgin, Sedef Mert, Aysima İrem Kesici, Soner Yıldırım 

151 
 

3.10. Do the Chatbot usage intentions of university students taking computer programming 
courses vary according to role using chatbots? 

 

ANOVA analysis was performed to examine whether the chatbots usage intentions of university 
students taking Computer Programming courses differ according to role using chatbots. As a result of 
the analysis, no significant difference was found between the student groups in terms of the role using 
chatbots (p=.73). The results of the analysis are shown in Table 11. 
 

Table 11 
 

ANOVA Analysis Results According to Role Attributed to Chatbot by the Student 
 

 Sum of squares df Mean of squares F p 

Between groups 1.091    2 .546 
.311 .73 

Within groups 719.190    410 1.754 

Total 720.281    412    
  

4. Discussion and Conclusions 

This study was conducted to examine the intention of university students taking programming courses 
to use chatbots in education in terms of certain variables. When the mean scores of the sub-factors of 
the intention to use chatbots in education scale of university students were examined, it was found that 
the performance expectation had a mean score of 5.29, the effort expectation had a mean score of 5.10, 
and the behavioural intention to use/learn chatbots had a mean score of 5.47. As a result of the findings, 
it was seen that university students' behavioural intentions towards using/learning chatbots in 
computer programming education were positive. In addition, it was also observed that university 
students were not highly concerned about the use of chatbots in education. This finding supports the 
behavioural intention of university students in terms of chatbots use in education. Supporting the 
findings of the study, in a study conducted in Hong Kong with the participation of 399 undergraduate 
and graduate students from various disciplines, it was stated that there was a generally positive attitude 
towards the use of ChatGPT in teaching and learning. In addition, students also expressed concerns 
about accuracy, privacy, ethical issues, and the impact on personal development, career prospects, and 
social values in terms of their intentions to use chatbots in education (Chan & Hu, 2023). In a study 
conducted by Topal et al. (2021), it was stated that students expressed positive opinions about chatbots 
in terms of use in education because they received feedback from the chatbots they used in education 
and subjectively saw them as exciting and fun learning objects. In another study conducted by Aktay et 
al. (2023), it was revealed that students' attitudes towards the use of ChatGPT in science education were 
high and they found the use of ChatGPT in science education fun. In conclusion, in line with the relevant 
literature and the findings of this study, it can be said that students' intentions to use chatbots in 
education in different courses and in different educational roles are positive. 

When the purposes of using chatbots in the education of university students taking programming 
courses were examined, it was seen that there were basically six purposes of use. It was observed that 
students who used chatbots in computer programming education mostly used chatbots to learn the 
subject related to programming by gaining conceptual understanding. Following this, it was observed 
that students used chatbots to find errors in program codes, to access reference material for proper 
syntax rules, to do exercises and homework assignments in the classroom, to prepare for exams and to 
develop questions for practice. In one of the rare recent studies that examined this relatively new 
phenomenon, the opinions of university students on the use of ChatGPT in programming education were 
examined. According to student opinions, it was stated that ChatGPT was used in programming 
education in terms of providing fast and mostly correct answers to questions, improving thinking skills, 
facilitating debugging, and increasing self-confidence (Yilmaz & Yilmaz, 2023). In another study, it was 
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stated that ChatGPT in programming education provides assistance in debugging errors in codes and 
can also play a role in solving programming errors by providing error prediction and error explanation 
(Surameery & Shakor, 2023). Another study investigating the use of ChatGPT in Python programming 
language education similarly shows that ChatGPT assisted students as an assistant and that using 
ChatGPT as a programming aid yielded better results than working without any external assistance. 
Furthermore, the help provided by ChatGPT increased students' coding proficiency, improved the 
quality of their explanations, and deepened their understanding of standard solution methods 
(Vukojičić & Krstić, 2023). As a result of the findings obtained, it is thought that the use of chatbots in 
computer programming education will become widespread in programming over time due to the 
potential of using chatbots in computer programming education and the large number of training 
scenarios. 
 

The study revealed that the chatbots usage intentions of university students in computer programming 
education differed according to the gender variable. According to the finding, it was determined that 
male students have significantly higher chatbots usage intentions in programming education than 
female students. Supportingly, in UNESCO’s report in 2019, it was stated that there is a difference 
between genders in the adoption of new technologies and that men are generally interested in new 
technologies earlier than women (West et al., 2019). In the report, this situation was attributed to factors 
such as self-efficacy and educational differences in technological disciplines. In parallel to this, in this 
study, this situation can be attributed to the higher self-efficacy and interest of male students in a course 
such as programming education, which includes complex and difficult dynamics, and programming 
skills. Another study focused on the use of chatbots by men and women four months after the release of 
ChatGPT. The results of this study similarly show that women are less likely to use chatbots than men 
in terms of technology use and acceptance in terms of gender (Draxler et al., 2023). In addition to these 
findings, it is possible to come across studies in which there is no difference in intention between men 
and women in terms of chatbots use in programming education (Malik et al., 2022). 
 

The analysis indicated that the chatbot usage intentions of university students in computer 
programming education did not differ according to the department variable. In the study, there are 
Computer Engineering, Mechanical Engineering and Econometrics departments. While programming 
courses are available almost every semester in the Computer Engineering department, there is only one 
semester of C programming course in the Mechanical Engineering and Econometrics departments. This 
means that students in Mechanical Engineering and Econometrics are more novice in programming. 
However, since it is thought that novices have a higher cognitive load in a programming course, that is, 
they have greater difficulty in learning, it is thought that their intention to use chatbots would be higher. 
In support of this, Okonkwo and Ade-Ibijola (2020) showed that a chatbots containing the basic 
syntactic structures and semantics of Python programming language helped novice programmers to 
learn python programming language. Similarly, in another study, it was stated that chatbots support 
students in learning programming in terms of course information, course-specific resources, 
explanation of basic programming concepts and answers to programming-related questions (Verleger 
& Pembridge, 2018). In addition, it is an expected result that computer engineering students have a 
higher level of desire and obligation to follow advanced technologies and technological developments 
compared to other departments. Therefore, the fact that there is no difference according to the 
department in the study is an explainable result. In future studies, studies on why students in different 
departments use chatbots according to their approaches such as surface and deep learning will reveal 
the basis of the intention to use chatbots in education. 
 

The study found that the chatbot usage intentions of university students in computer programming 
education differed according to the grade variable. First grade university students' intention to use 
chatbots in programming education is significantly higher. In addition, although no significant difference 
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was obtained, it is seen that the average scores of the students studying in the fourth grade from the 
scale of intention to use chatbots in education are high. As a result of the findings, it can be said that first 
and fourth grade students have higher intention to use chatbots in programming education. In the study, 
it is an expected result that first graders have high intention to use chatbots in education. Because it is 
known that students who are new to computer programming have difficulties in subjects such as 
programming topics, syntax and problem solving (Iqbal et. al, 2021; Malik et al., 2022). It is already 
expected that university students who have a high cognitive load in programming education (Şişman & 
Küçük, 2018) will tend to use assistive technologies, even for purposes such as passing the programming 
course or learning programming. However, the high intention of fourth grade university students to use 
chatbots in education can be attributed to the fact that all fourth graders are from the computer 
engineering department. Because the fourth-year students in the computer engineering department are 
in a rush to finish school, their desire to finish school with a higher score, their more experienced in 
education and programming, and their desire for deep learning in order to show that they are sufficient 
in terms of programming in job applications have the potential to cause this. 
 

It was found that the chatbot usage intentions of university students in computer programming 
education did not differ according to income status. In the related literature, there is no study in which 
the income status variable is used, but it is thought that the free versions of chatbots and the ease of 
access of students to these versions are factors in obtaining this finding. However, in future studies, 
differences between student groups in terms of lack of internet and technological devices in terms of 
access to chatbots and differences between student groups using free and paid versions of chatbots used 
in education can be examined. 
 

The findings showed that the chatbot usage intentions of university students in computer programming 
education differed according to the experience of using chatbots in education. According to the finding, 
the intentions and acceptance of university students who have previous experience of using chatbots in 
education are higher than those who do not use chatbots. This is the expected result in the study. 
Because technology usage intention and acceptance are among the primary conditions of use (Teo et al., 
2019). 
 

The study indicated that the chatbot usage intentions of university students in computer programming 
education did not differ according to the device used in chatbots education. Since smartphones are 
widely used among university students, it was expected that there would be a difference in favour of 
smartphones in terms of chatbots use in programming education. However, it is thought that computers, 
which have a larger screen than smartphones in terms of long lines of programming language codes and 
detection of errors, will also play a role in the intention to use chatbots in education. For this reason, the 
need to repeat future studies on this variable in terms of chatbots usage intention has emerged. It is also 
thought that the intention and acceptance levels of university students to use chatbots in education will 
increase, especially with the introduction of chatbots as mobile applications on smartphones. 
 

It was determined that university students' intentions to use chatbots in computer programming 
education differ according to the frequency of chatbots use in education. It has been determined that 
university students who use chatbots in education 21-30 times a week have significantly higher chatbots 
usage intentions than those who use 1-10 times and 11-20 times. The finding revealed an expected 
result. Because high intention contributes to the use of technology and the increase in this use. Finally, 
it is thought that the intention to use and duration of use of educational chatbots will increase over time, 
as chatbots are integrated into teaching environments and teaching approaches in the most appropriate 
way, courses that will optimize interaction with chatbots, which are artificial intelligence language 
models, are added to the curriculum and chatbots develop day by day. 
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The analysis revealed that the chatbots usage intentions of university students in computer 
programming education did not differ according to the roles attributed to chatbots in programming 
education. As a result of the finding, it is thought that the use of chatbots for mentoring, assisting, and 
learning purposes in programming education is of similar importance for university students. In a 
supportive study, chatbots were used by more than 700 students for one year in terms of mentoring and 
promising results emerged in terms of the usability of digital mentoring support for students (Neumann 
et al., 2021). Singh (2018) and Clark (2018), Intelligent tutoring systems for learning, teaching assistant 
and mentoring processes are within the scope of the roles that chatbots, which are artificial intelligence 
language models, can play in teaching/learning processes. For this reason, when it is considered that 
chatbots can undertake all three roles in programming education in the study, the fact that there is no 
difference shows that students intend to use chatbots in terms of all roles. In addition, it is thought that 
chatbots can enter all educational roles with the effect of easier for use, user friendly (Colace et al., 2018) 
and humane artificial intelligence than previous technology-supported applications and learning 
approaches in terms of providing learning at their own pace and supporting the learning experience 
outside of school. However, studies in the related field are needed to support this. 
 

In conclusion, it is thought that the intention of university students to accept the use of chatbots in 
computer programming education is at a good level and this intention will increase day by day. Because, 
as it was determined in the study, the chatbots that university students intensively prefer in education 
is the ChatGPT application, which is widely used nowadays. With the development and popularisation 
of chatbots to be used in other educational fields, the integration of chatbots into educational 
environments and curricula will be even faster. ChatGPT, which already has a robust language model, is 
attracting great interest as a possible way to improve the educational experience of university students 
(Huallpa, 2023). Although not very long, in the coming years, Prompt engineering courses, which involve 
using specific inputs or "prompts" to influence chatbots such as ChatGPT, will be added to the curricula, 
enabling students to effectively create and use prompts and increase their interaction with artificial 
intelligence. In this way, the use of artificial intelligence in education will become widespread among 
university students whose interaction with artificial intelligence increases. In addition, it is thought that 
the effect of chatbots such as "copilot", the artificial intelligence language model of Microsoft company, 
and "codex" produced by Open AI company on the computer programming education as the main 
subject of the study will increase day by day. However, in future studies, it is suggested that studies 
should be conducted to understand the effects of using these tools in computer programming education 
(Philbin, 2023) and to reveal the factors affecting students' chatbots intentions (Ragneb et al., 2022), 
especially including students' concerns about the misuse of chatbots in education. Finally, it is important 
to provide appropriate training to instructors through in-service training to teach them how to use 
artificial intelligence applications as a teaching method that meets the needs of each student (Ragneb et 
al., 2022). 
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1. Introduction 
 

Technology has advanced significantly in recent years. These advancements have impacted the 
education field, similar to many other fields. Owing to these advancements in technology, artificial 
intelligence (AI) has ushered in a new era in education and is seen as a driving force of technology 
(Arslan, 2020). First coined in the second half of the 20th century by McCarthy (Cope et al., 2021), 
artificial intelligence refers to ‘the science of endowing programs with the ability to change themselves 
for the better as a result of their own experiences’ (Schank, 1987, p. 64). AI is a promising technology 
designed to develop computer systems that perform intelligent and adaptive behaviors, reflecting the 
ability to learn from their environment. Hence, AI can be described as a system that mimics the human 
brain to complete specified tasks and can recursively improve through experience gained from that task 
(İşler & Kılıç, 2021). 

The field of application of AI is prevalent from medicine to tourism. While AI has found innovative 
applications across several industries, its incorporation into the education industry is still in the early 
phase (Alam, 2021). Despite several attempts at basic commercial usage, the application of AI 
technologies in the educational field has not yet reached its potential. Within the educational landscape, 
AI is not a standalone entity but rather seamlessly embedded within broader technological trends. The 
primary focus of developmental research revolves around developing AI technologies rather than 
exploring their real-world applications. This focus has led to a slower progression of AI into new fields 
such as education. 

Despite its slow progress in the educational field, the benefits of AI cannot be overlooked. AI has already 
been integrated into several aspects of the teaching-learning process, from adaptive assessments to 
automated assessment constructions (Swiecki et al., 2022). For example, automated grading is among 
the several benefits of AI. AI-supported automated grading systems can replicate a teacher’s actions in 
terms of assessing and evaluating a student’s assignment. Offering personalised learning paths is 
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another benefit of AI. Many AI applications in the educational field customise learning by providing 
learners with individualised learning plans and instructions; analysing learners’ needs, strengths, and 
interests; and subsequently tailoring the teaching-learning process. Another benefit of AI lies in its 
ability to facilitate adaptive learning approaches (Owoc et al., 2019). In contrast to conventional 
classroom education, which is mostly one-size-fits-all, AI-based adaptive learning systems are crafted 
to optimise the teaching-learning process. One way that these systems use to maximise learning efficacy 
is to gather and analyse students’ behavioural data and provide timely personalised feedback 
accordingly (Cui et al., 2018), which, in turn, enhances learners’ educational experiences. 

As AI offers numerous advantages, it has garnered substantial scholarly attention. As a result of 
researchers’ active promotion and investigation of the concept, considerable scholarly output has been 
produced about AIEd. While scholarly output is crucial in several aspects, such as establishing a 
foundation for future research and enabling knowledge dissemination, synthesising and interpreting 
this increasing volume of scientific research are essential. Hence, several review studies on AIEd have 
been conducted (Crompton & Burke, 2023; Xu & Ouyang, 2022; Zawacki-Richter et al., 2019). Some of 
those review studies adopted a systematic review strategy. For example, Xu and Ouyang (2022) 
executed a systematic review study to identify, classify, and summarise the studies portraying the wide-
ranging roles of AIEd. Several databases, such as Scopus, Science Direct, and Web of Science, were 
scanned. However, they limited the time period between 2005 and the first eight months of 2021. 
Narrowing down their focus on the context of the teaching-learning process, Xu and Ouyang (2022) 
systematically analysed 164 publications and reported only 51 of them due to space restrictions. As a 
result of their systematic review, Xu and Ouyang (2022) proposed a conceptual framework based on 
AI’s roles in instructional and learning processes. In the framework, three roles of AI were proposed: 
“AI as a new subject”, “AI as a direct mediator”, and “AI as a supplementary assistant” (Xu & Ouyang, 
2022, p. 4213). According to the framework, in the first category, AI substitutes for the original subjects; 
in the second category, AI serves as a direct mediator to link subjects; and in the last category, AI has 
the role of a supplementary assistant and indirectly supports subjects. In another study, Crompton and 
Burke (2023) systematically reviewed publications on AI in higher education between 2016 and 2022. 
A wide range of databases, including EBSCO, JSTOR, and Web of Science, Crompton and Burke (2023) 
scanned to review 138 studies. While the previously conducted systematic reviews suggested that most 
of the studies were published in the USA, this trend has recently changed, and China overtook the USA 
in terms of the number of publications. Another significant finding of Cropmton and Burke’s (2023) 
review lies in its categorisation of the themes based on the usage of AI in higher education. Hence, they 
reached five categories: ‘(1) Assessment/Evaluation, (2) Predicting, (3) AI Assistant, (4) Intelligent 
Tutoring System (ITS), and (5) Managing Student Learning’ (Crompton & Burke, 2023, p. 19-20). 

In addition to systematic reviews, bibliometric studies have been conducted within the field of AIEd 
(Chen et al., 2022; Guan et al., 2022; Prahani et al., 2022). These bibliometric studies are highly 
important as they provide quantitative insights into publication trends, citation patterns, and scholarly 
impact within the field of AIEd. For instance, in his bibliometric study, Talan (2021) explored the 
distributions of publications based on country and year; provided a citation pattern analysis of 
institutions, authors, journals, and documents; and mapped co-authors, co-citations, and co-occurrence 
analyses on the AIEd website. Examining the publications on AIEd within the past two decades (2001-
2021), Talan (2021) used the Web of Science as the database and several keywords related to the term 
AIEd such as "artificial intelligence" OR "machine intelligence" OR "neutral network*" OR "machine 
learn*" OR "deep learn*" OR "natural language process*" OR "thinking computer system" OR "expert 
system" OR "evolutionary computation". Hence, Talan (2021) identified a total of 2,686 publications on 
the topic. His results were in line with the previous literature in terms of the distribution of the 
publications by country, a steady increase in the number of publications each year, the distribution of 
top journals on AIEd, and the leading authors. However, his analysis revealed that institutions located 
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in Taiwan and Australia, in addition to the previously identified influential institutions in the USA and 
UK have emerged as influential in AIEd. 

A more recent bibliometric study, conducted by Metli (2023), screened 6498 studies published between 
1984 and 2022 in the Web of Science and indexed them in "SCI_EXPANDED, SSCI, ESCI". Like in Talan’s 
study (2021), Metli (2023, p. 285) also extended his search keywords to "Artificial Intelligence" OR 
"Deep Learning" OR "Machine Learning" OR "Natural Language Processing". In contrast to Talan (2021), 
Metli (2023) revealed that China and India were among the top five leading countries in terms of 
producing the most publications, alongside the USA, the UK, and Australia. Another noteworthy finding 
of Metli (2023) was the evolution of keyword popularity. The analysis documented the shift of certain 
concepts over time. It was revealed that while e-learning and higher education were popular terms in 
2020, artificial intelligence, machine learning, and deep learning gained popularity in 2021. 

Apart from the abovementioned studies, various other scientific studies were also conducted on AIEd. 
Some employed narrative overview methods to predict the potential impact of artificial technologies on 
the teaching-learning process and anticipate potential changes in the educational field (Chassignol et al., 
2018). Others have focused only on AI in higher education (Bearman, 2023; Hinojo-Lucena et al., 2019; 
Maphosa & Maphosa, 2023; Zawacki-Richter et al., 2019). However, other scholars have investigated the 
AIEd concept, narrowing their focus down to a specific country or region, such as in China (Knox, 2020) 
or Turkey (İçen, 2020). Recognising that all these studies have significantly contributed to the literature 
and that the article growth rate increases by 22.68% each year (Metli, 2023), it is of great importance 
to conduct an up-to-date and holistic bibliometric study that complements previous studies. A new 
bibliometric study is indispensable for understanding the dynamics of the field and updating the 
accumulation of knowledge. This study, which is conducted both to determine the current state of the 
field and to verify or compare previous findings, plays a critical role in the continuity of scientific 
progress. Hence, the current study aims to holistically investigate the current trends, patterns, and 
future directions of AIEd. The purpose of this research is to offer insights to field experts to discover 
diverse research subjects and mitigate redundancies among studies. In line with these aims, the 
research questions of the current study address the following: 

1. What is the overview of the publications in the AIEd field? 

2. What are the leading authors, countries, and publication outlets in the AIEd field? 

3. How do collaborations among the relevant authors and countries manifest in the AIEd field? 

4. What are the trends and patterns in the AIEd field? 

2. Methods 

The current study adapts the scientific mapping analysis method. The methodology for the current study 
involves two main phases: the selection of document sources and the conduct of bibliometric analysis. 
The following sections explain these stages. 

2.1. Selection of document sources 

The Scientific Procedures and Rationales for Systematic Literature Reviews (SPAR-4-SLR) protocol was 
followed to maintain clarity and transparency (Paul et al., 2021). Figure 1 below describes the work flow 
for the current study. 
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Figure 1 

SPAR-4-SLR protocol  
 

 

As can be seen in Figure 1, the Web of Science (WoS) was selected for the data query because it is a 
sophisticated research repository and offers extensive bibliographic data, including authors, their 
affiliations, and cited works. The search query for the current study included ‘Artificial Intelligence in 
Education’. All the documents that incorporated the search query within their abstracts, titles, or topics 
were included. As the current study aimed to trace the past, present, and future of AI within the 
educational field, the filters were applied to include the documents that were only listed under the 
categories of Education Educational Research or Education Scientific Disciplines. To obtain a holistic 
view, all document types, including book chapters and proceedings papers, as well as articles and early 
access were screened. All WoS indices were also included. The time limit was not applied to observe the 
progress of the term since its emergence. This means that publications between 1989, the date of the 
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first publication indexed in WoS, and 2023, the date of the last analyses of this study, were examined. 
Consequently, 905 documents were screened. 

2.2. Bibliometric analysis 

With the aim of conducting a quantitative evaluation of the documents, bibliometric methods were 
employed. Bibliometric studies, also referred to as scientific mapping, are useful methods for visually 
mapping the body of scientific literature in relation to a specific research area (Huang, Yang, Wang, Wu, 
Su & Liang, 2019; Song, Chen, Hao, Liu & Lan, 2019). Bibliometric studies involve evaluating a particular 
term by analysing and evaluating the impact of the relevant researchers and tracking the evolving 
patterns or changes in that specific concept over time (Hallinger & Kovačević, 2019). Bibliometric 
studies offer a comprehensive understanding of the field by categorising research according to 
publications, authors, and journals (Merigó & Yang, 2017; Sreenivasan & Suresh, 2023). Studies 
employing bibliometric methods provide insights into citation impact, establishing a correlation 
between author productivity, the influence of the scientific community, and publication success (Yu & 
Shi, 2015). For this study, Bibliometrix Software in the RStudio statistical analysis program was used. 
To visually present the data, the Biblioshiny Software package was used. The Biblioshiny package 
allowed several statistical analyses, such as conceptual and intellectual structure analyses, to be 
performed. 

3. Results 

3.1. Overview of the publications in the AIEd field 

3.1.1. Overview of the main information 

The aim of the study was to investigate the historical progression, current status, and anticipated future 
developments within the field of AIEd studies. With this in mind, 905 records published between 1989 
and 2023 in 271 journals with contributions from 2,484 authors were screened, as shown in Figure 2 
below.  

Figure 2  

Overview of the Main Information   

 

The analysis yielded 2,484 authors and 175 published single-authored documents. The review 
encompassed 36,537 references and approximately 8 citations per document. The yearly growth rate 
was calculated as 18.7%. 

3.1.2. Distribution of annual publications and average citations per year 

Biblioshiny analysed data regarding yearly scientific output and average citation counts. A graphical 
representation was employed to encapsulate the corpus of works and associated citations within a given 
year below. 
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Figure 3  

Annual Scientific Production and Average Citations per Year  

     

As can be inferred from Figure 3, an analysis of the yearly production of documents on AIEd revealed 
that the concept gained momentum after 2019. The number of studies published before 2018 was 
calculated as 137. While there were only a few publications for almost three decades since the 
emergence of the concept, 637 publications were produced during the last three years. The figure above 
demonstrates that no publications produced in 1990, 1996, or 2001 included AIEd in their abstracts, 
titles, or topics. It can also be seen that only a single document was detected for the years 1989, 1991, 
1995, 1999, and 2002. Three documents were produced annually in the years 1992, 1993, 1994, and 
2004. Figure 3 suggests that there has been a sudden increase in interest and, subsequently, the number 
of publications in recent years. A total of 132, 165, and 340 documents were produced in 2021, 2022, 
and 2023, respectively. 

For the yearly average citations, 2019 and 2007 had the highest average citations per year, 4.1 and 4, 
respectively. Additionally, fluctuations can be observed between those years. A sudden decrease was 
observed in 2008, with an average of 1.4 citations per year. Although the average citations per year 
increased to 2.3 in 2010, this number decreased to 1.2 in 2011 and 0.8 in 2012. A steady decrease was 
also observed after 2019. 

3.2. Leading authors, countries, and publication outlets in the AIEd field 

3.2.1. Authors and their contributions 

Examining publications through the lens of authorship reveals insights about notable contributors to 
the field of AIEd. These authors are classified by their productivity, quantified by the number of papers 
they have published in their field. Table 1 presents the five authors who contributed the most to the 
field. 
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Table 1  

The Five Most Relevant Authors and Number of Publications  
  

Authors Publications 
CHIU TKF 11 

HWANG GJ 10 
CHAI CS 9 
WANG Y 8 

XIE H 8 

As can be seen in Table 1, Chiu TKF (n=11), Hwang GJ (n=10), Chai CS (n=9), Wang Y (n=8), and Xie H 
(n=8) were the authors who contributed the most to the field. 

Author productivity was also analysed based on Lotka’s Law (Lotka, 1926) distribution. Lotka’s Law 
demonstrates the frequency distribution of scientific productivity among authors. This law suggests that 
the number of authors with a specified number of publications follows an inverse square distribution. 
Essentially, it states that a small number of authors publish the majority of publications, and a large 
number of authors publish fewer publications. Authors who have published more than five documents 
can be considered experts in the field and core authors (Metli, 2023). Figure 4 illustrates the relevance 
of the authors in the AIEd field. 

Figure 4  

Author Productivity by Lotka’s Law      

 

As Figure 4 suggests, author relevance in the AIEd field mostly aligns with the actual Lotka curve. The 
analysis showed that 2,246 authors published only one document. This number consists of nearly 90% 
of the authors. The results also showed that while 176 authors contributed to the field in association 
with only two articles, 33 authors published three documents. The percentage of authors who 
contributed to the field with five or more publications appeared to be only 0.64. 

3.2.2. Most cited documents  

The most cited document has the potential to represent the core body of knowledge in a relevant field 
and can, therefore, be considered an indispensable primary source for understanding or contextualizing 
the field. Hence, examining the most cited documents is important for comprehending the production 
and diffusion of knowledge within the discipline. With this in mind, the top ten most cited documents in 
this field are presented in Figure 5. 
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Figure 5 

Most cited documents 

 

Figure 5 demonstrates that Garcia P. (2007) is the study with the highest number of citations in this 
field, with a total of 247 citations, followed by Chuo CY (2003) with 124 citations and Goralski MA (2020) 
with 106 citations. In addition, it was noted that Li J. (2021) and Smith R. (2010) were very close to each 
other in the top five with 98 and 94 citations, respectively. 

3.2.3. Leading countries in the field  

Within Bibliometrix's analysis of country-specific production, a distinct pattern emerges, delineating 
the five countries that exhibit the highest frequency in generating documents within the AIEd research 
field. Figure 6 visually illustrates the trajectory of each country's output. 

Figure 6  

Country Scientific Production                        

 

Figure 6 demonstrates the top five leading countries in the field of AIEd based on their production. In 
the figure, as the shade of blue increases, there is a positive correlation with the country's productivity. 
Based on the data obtained from Bibliometrix, China (n=624), the USA (n=565), the UK (n=226), 
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Australia (n=169), and Spain (n=164) are among the top five countries. The collaboration maps of these 
countries are visualised below. Increasing shades of red indicate increasing levels of cooperation 
between the entities represented. This darker shade suggests the frequency and strength of 
collaboration observed in the dataset. 

3.2.4. Most relevant publication outlets 

Identifying the best journals in a field is valuable as it provides a specific resource for those interested 
in that field. Hence, the most relevant publication outlets are presented below. 

Figure 7 

Most Relevant Publication Outlets 

 

Upon the analysis of Figure 7, it can be seen that the Journal of Education and Information Technologies 
(n=63) is the main source of coverage in this area. This is followed by Educational Sciences (n=33), 
Educational Technology & Society (n=32), International Journal of Emerging Technologies in Learning 
(n=32), and British Journal of Educational Technology (n=30) with almost half the number of 
publications. 

3.3. Collaborative links among the authors and countries 

Identifying the most collaborating authors and countries in a field is crucial for researchers. This data is 
used to identify countries and institutions operating in similar fields. This helps researchers identify 
opportunities for collaboration and shape their career goals. At the same time, knowing the global 
development of a field and its leading authors and countries allows researchers to follow trends in their 
field and identify potential partners for international cooperation. As a result, analysis based on this 
data enables researchers to be effective and efficient in the international arena. Therefore, the data of 
the most collaborating authors and countries in the field are presented below. 
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Figure 8 

Collaboration Among the Authors in the Field 

 
Figure 8 demonstrates that authors collaborating in this field are grouped into seven clusters.  Although 
collaborations are predominantly within clusters, some authors also collaborate across clusters. For 
example, there are links between Yang W and Hu X, Hu X and Chiu TKF, and Chai CS and Li Y in different 
clusters. In particular, the presence of collaboration links between specific authors across different 
cluster groups suggests that these authors are active in a broad network and could potentially converge 
on different research areas or projects. This suggests that the field values collaboration and knowledge 
sharing and that such collaboration can enhance research results and knowledge production.  
When the collaborations among countries were analysed, the results of the network analysis presented 
in the figure below were obtained. The network structure shown in the figure visually represents the 
cooperation links between various countries and the intensity of these links.  

Figure 9  

Collaboration World Map      

 

Upon the analysis of Figure 9, it appeared that China and the USA had a very strong collaboration 
network (f=15). This frequency of network collaboration is followed by the UK and Australia (f=9) and 
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the USA and Canada (f=9). A strong collaboration network between China and Australia (n=8) and 
between China and Canada (f=7) is also observed upon the analysis of Figure 9. 

3.4. Thematic analysis 

A set of thematic analyses, such as trend topic, thematic map, and co-occurrence network analyses, were 
also performed. Through these thematic analyses, the recurring themes, clusters, and 
interconnectedness of various research areas were illustrated. 

3.4.1. Trend topics 

Figure 10 graphically illustrates the temporal popularity of certain keywords identified by authors over 
different years. This visualisation focuses on the top three keywords used at least five times per year. 

Figure 10 

Trend Topics by Author Keywords      

   

The figure above illustrates the trend topics according to author keywords. Until the second decade of 
the 21st century, the focus was more general, and the publications mostly revolved around intelligent 
tutoring systems and skills. The analysis suggested that more recently, the authors have narrowed their 
foci and studied engineering education, science education, systems, e-learning, learning analytics, and 
deep learning. It is not surprising that during the last three years, artificial intelligence has appeared to 
be a trending topic. However, interestingly, the focus has shifted from deep learning to machine learning, 
and studies have specifically concentrated on the context of higher education rather than education in 
general. 

3.4.2. Thematic map 

Figure 11 shows a strategic diagram of AIEd research. A strategic diagram shows the interactions of 
elements of a particular research topic over time. This diagram is a fixed depiction of the network 
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structure of a field. The diagram was created using Bibliometrix by focusing on the top 250 author 
keywords that appeared at least three to five times. The most common keywords are grouped into 
themes, each represented by the top three words. The size of each circle in the diagram corresponds to 
how often that keyword is used. 

The strategic diagram was divided into four slices, and each slice was analysed within itself. With this 
purpose in mind, two metrics, centrality and density, were established. The y-axis represents the 
intensity parameter, while the x-axis represents the centrality parameter as a thematic map. The greater 
the centrality of the chosen theme is, the more important it is considered to be; similarly, the higher its 
intensity is, the more it is regarded as developed (Metli, 2023; Nasir et al., 2020). 

In the interpretation of the strategic diagram, Cobo et al. (2011) use the terms Motor, Niche, Emerging 
or Declining, and Basic Themes. The Motor Themes are characterised by high density and centrality. 
They indicate significant development in the field of study and are shown in the first quadrant theme, 
positioned in the upper-right section of the thematic map. The niche themes, denoting highly developed 
yet isolated areas with high density and relatively lower centrality, align with the second quadrant 
theme, which is situated in the upper-left part of the thematic map. The emerging or declining themes, 
which display emerging or declining trends with low centrality and density, correspond to the third 
quadrant themes located in the lower-left segment of the thematic map. The Basic Themes, extensively 
researched with well-established internal connections demonstrating low intensity but high centrality, 
represent the fourth quadrant themes positioned in the lower-right portion of the thematic map. Figure 
8 below visualises the interactions of themes related to AIEd over time. 

Figure 11  

Thematic Map        

 

It becomes evident that within the field of education, artificial intelligence has attracted the interest of 
researchers across various subjects or areas. The largest bubble is observed in the motor theme 
quadrant, which consists of artificial intelligence, education, and machine learning. These findings 
suggest that these are the most commonly used author keywords and highly developed themes. In 
addition, research, undergraduate, and general themes encompass another cluster with high density 
within the motor themes. Although the ChatGPT, chatbot, and fourth Industrial Revolution clusters are 
situated mostly within the motor themes quadrant, a small part of these clusters fall into the basic 
themes quadrant. This observation might indicate that this cluster of ChatGPT, chatbots, and the fourth 
industrial revolution likely began to receive substantial attention and scrutiny within the field of study. 
Another basic theme appears to consist of artificial intelligence, academics, and privacy based on the 
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authors’ keywords. However, this cluster positions itself on the verge of the basic theme quadrant, 
indicating that it has a tendency to fall into the emerging and declining themes. Among the emerging or 
declining themes, the cluster of “engineering education”, “COVID-19”, and “datafication” was detected, 
which suggested that although these themes were once well researched, they have started to lose 
popularity. When the niche themes are analysed, bibliometrics and blockchain; motivation, K-12 
education, and self-regulated learning; elementary education; improving classroom teaching; and 
learning strategies form different clusters. 

3.4.3. Co-occurrence network 

Co-occurrence network analysis denotes how often two keywords co-occur within an article. This 
approach helps identify relationships and patterns within the field. Figure 12 shows the results of the 
co-occurrence network analysis based on author keywords.  

Figure 12  

Co-Occurrence Network 

  
 

Upon analysing Figure 12, it can be inferred that the term artificial intelligence dominates the field. It 
can also be suggested that the term artificial intelligence developed strong links with several other 
themes, such as machine learning, deep learning, and computational thinking. In addition to the 
dominating theme, small clusters can be observed. Among those small groups, AI education and AI 
literacy appeared to be connected, and artificial and intelligence terms were observed to form a different 
network. 

4. Discussion 

The current study aimed to gain insight into and graphically represent the body of literature concerning 
AIEd through the use of the scientific mapping method. The timeframe of the review spans from 1989 
to 2023. The last search was conducted in November 2023. The Bibliometrix program in R Software was 
used to analyse the data. The analysis included the basic structure encapsulating the authors involved 
in the field, the numbers of publications and references, the annual growth rate, and the average 
citations per year. The leading countries in the field, their collaborations with other countries, the most 
influential authors, and their contributions were also analysed. Finally, thematic analysis, including 
trend topic, cluster, and interconnectedness, of various research areas was also performed. 

The main data analysis revealed that 905 documents were published in 271 publication outlets and 
indexed in the WoS database between 1989 and 2023. A cumulative count of 2,660 different author 
keywords was recorded. Moreover, the bibliographies included a total of 36,537 articles. The calculated 
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annual article growth rate is 18.7%, indicating a significant and swift increase in article production over 
the years. This rapid increase in publications in the field of AIEd is in line with the findings of the current 
literature (Metli, 2023; Prahani et al., 2022). This swift increase in AIEd publications can be attributed 
to several reasons. It can be suggested that advancements in technology constitute a main catalyst for 
the proliferation of publications. Technological developments, specifically in machine learning, deep 
learning, and natural language processing, paved the way for researchers to explore the field in depth 
(Song & Wang, 2020). 

This study revealed that China, the USA, the UK, Australia, and Spain are the most productive and 
influential countries in the field of AIEd. Compared to previous studies, it is interesting to observe some 
variations in the rankings. For example, in Talan’s (2021) study, the sequence followed the order of the 
USA, the UK, China, Australia, and Spain. In turn, Metli's (2023) study portrayed India, rather than Spain, 
as among the most active countries in the field, although the top four countries were the same in all 
three studies. When the collaboration world map is analysed, a robust network among the leading 
countries is observed. While the presence of this strong network is not entirely unexpected, the notable 
inclusion of Canada, as opposed to Spain, within the scope of collaborative connections is intriguing. The 
existence of Canada within this network link resonates with the current body of literature. In their 
relatively narrow-scope study, Baek and Doleck (2020) analysed 135 documents that were published in 
one journal, namely, the Journal of Artificial Intelligence in Education, between 2015 and 2019. Their 
findings revealed a robust collaborative linkage between the USA and Canada. Furthermore, the findings 
also revealed the five most influential authors in the field, one of whom appeared to be Hwang GJ. 
Although Hwang GJ was found to be the second most relevant author in the present study, in Metli’s 
(2023) analysis, he was the most relevant author. This relatively small discrepancy between the current 
study and that of Metli (2023) might have occurred due to differences in the parameters used during 
the analysis. Despite this small difference in ranking, it can be concluded that Hwang GJ contributed 
enormously to the field and is one of the most, if not the most, influential authors in the AIEd field. The 
analysis of author productivity revealed that the results align with Lotka’s Law. This means that 
although the AIEd has garnered researchers’ interest substantially, the majority of them published only 
one article. The percentage of prolific authors, defined in this study as those who contributed to at least 
five publications, was calculated as 0.64. These results suggest that although the field has been explored 
by many researchers, only a few have specialised in this topic. However, while interpreting this finding, 
it is important to acknowledge the implications for funding allocation, research collaboration, and the 
challenges in ensuring equity and recognising contributions among researchers in a field. 

The most cited works in the field of AiEd are Garcia's (2007) “Evaluating Bayesian networks‘ precision 
for detecting students’ learning styles”, Chuo's (2003) “Redefining the learning companion: the past, 
present, and future of educational agents”, and Goralski's (2020) “Artificial intelligence and sustainable 
development”. These studies suggest that AI in education enhances personalised learning, improves 
educational outcomes, and supports sustainable and inclusive educational practices. Assessing the role 
and impact of AI in education, these studies show that AI promotes personalised learning in educational 
processes, which can better respond to the individual needs of students. This contributes to a more 
effective and engaging learning experience for students (Liu et al., 2022; Seo et al., 2021). In addition, 
there is a large body of research supporting that AI-supported educational applications improve 
educational outcomes and increase students' achievement levels (Chen et al., 2020; García-Martínez et 
al., 2023). Finally, AI is also frequently researched to support sustainable and inclusive educational 
practices (Holmes, 2021; Lee & Lee, 2021). Studies on these topics point to the potential to increase 
equality of opportunity in education and meet the needs of diverse student groups. Hence, it can be 
inferred that these studies on the importance and impact of AI-supported educational practices shed 
light on the future development of educational systems. They also provide insights into the versatility 
and potential of AI in education in general. 
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Another interesting finding was that The Journal of Education and Information Technologies is the 
journal that publishes the most documents in this field. Moreover, the seven journals in the top ten have 
technology coverage, emphasizing the impact of educational technologies and digital transformation. 
 On the other hand, Educational Sciences stands out as the second journal with the second highest 
number of studies, indicating that educational sciences are addressed in a wide range. However, what 
is more striking is that medical education and engineering education themed journals are also in the top 
ten. This reveals that AI has become a growing research topic not only in general educational 
technologies but also in specific teaching fields. In particular, it shows how AI is transforming 
educational processes in technical and applied fields such as medicine and engineering and contributing 
to the development of innovative teaching methods in these fields. 

For the thematic analyses, the recurring themes, clusters, and interconnectedness of several research 
areas were analysed. An analysis of the trend topics based on author keywords revealed that, at the 
beginning of the 21st century, the forefront of scholarly attention was on general skills and smart 
education systems. However, more recently, researchers have shifted their interest noticeably toward a 
more diverse range of subjects. This shift can be explained by several factors, including but not limited 
to the swift progress in educational technologies, the advancements in data analytics methodologies, 
and, consequently, the increase in AI applications. Notably, the dominance of fields such as science 
education, engineering education, learning analytics, e-learning, and deep learning potentially 
highlights the increasing significance of scholarly inquiries in these fields. The scholarly focus on 
advanced technology domains such as AI and deep learning emphasises their transformational potential 
in education. Furthermore, the growing amount of study on higher education, as opposed to general 
education, shows how scholarly interests in this field are evolving. These changes indicate a crucial 
evolution in educational research and reveal potential areas that could significantly influence future 
educational approaches. 

The current study also investigated the evolution of keyword popularity throughout different time 
periods. The results revealed the evaluation of several themes over time, which became more or less 
important in different years. The analysis indicated that while the field was affected by current topics 
such as COVID-19, which once was popular and then lost popularity, certain themes such as machine 
learning, ChatGPT, and chatbots maintained their popularity. Based on the results, it can also be inferred 
that despite the existence of a few studies, there is a research gap in the themes of self-regulated 
learning, K-12 education, improving classroom teaching, and learning strategies. Hence, additional 
studies need to be conducted in these areas. 

Finally, the analysis of co-occurrence networks revealed that AI has developed strong connections with 
machine learning, deep learning, and computational thinking. These findings align well with the 
literature (Metli, 2023; Prahani et al., 2022; Talan, 2021). This emphasises the importance of the strong 
links between these topics in the field of AI and suggests that future research could focus on examining 
these relationships in more detail. 

4.1. Implications, further research, and limitations 

This study has multifaceted implications. Among these implications, several key facets merit 
elaboration. Primarily, the current study refines the research focus by identifying the most influential 
authors, leading countries, and trend topics and themes in the field. This enables a more focused 
approach for researchers and practitioners. Gaining insight into the most common and impactful study 
types and methodologies helps in narrowing the research focus, facilitating more focused studies, and 
consequently fostering in-depth understandings within the AIEd field. Another facet of this study is that 
it offers insights for educational policy and practice. The current study revealed the most relevant issues 
within the AIEd field. Understanding the key concerns and priorities in the field helps in informing 
educational policies and practices. Insights gained from this study can assist policymakers, educators, 
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and curriculum developers in effectively integrating AI technologies into education, which in turn 
enhances learning experiences and outcomes. Anticipation and preparation for future trends can be 
listed as another facet of this study. This bibliometric study aimed to map researchers’ main lines of 
focus and identify evolving trends. Hence, this study serves as a tool for anticipating and preparing for 
future developments within the AIEd field. This study provides a proactive perspective, helping 
stakeholders predict and adapt to emerging trends, thus maintaining a competitive edge in the ever-
changing landscape of AI in education. Finally, this study can be considered a guide for future research. 
This study offers a guiding framework for future research within the AIEd field. By outlining motor, 
basic, emerging, and niche themes, this bibliometric study provides valuable guidance to researchers 
seeking to investigate niches and new avenues within the field. 

Although this study offers several valuable insights, it is important to acknowledge its limitations. One 
of the main limitations of this bibliometric study is the use of a database. The search was limited to the 
documents that are listed on the Web of Science (WoS). Despite housing a wide range of publications, 
employing only the WoS database may have constrained the number of potentially relevant 
publications. Additional research might include the use of other databases. Another limitation is that the 
current study restricted the documents to be reviewed to Education Educational Research or Education 
Scientific Disciplines. Some other categories might include studies relevant to the AIEd. Hence, 
additional categories can be included in further research. However, in this case, a careful screening to 
exclude and include the publications is suggested. 

5. Conclusion 

Technological developments, specifically in artificial intelligence, have led to dramatic transformations 
in conventional education. Hence, it is imperative to explore the integration of AI into educational fields. 
With this aim in mind, the current study meticulously conducted a comprehensive bibliometric analysis 
in AIEd and investigated the patterns, trends, and further directions of AI in education. This study 
carefully examined the publication outputs, collaboration patterns, cluster formations, and evolutionary 
trends within the field. By leveraging these detailed and multifaceted analyses, this bibliometric study 
aimed to offer valuable insights into diverse facets of the AIEd field. Moreover, this study sought to 
underscore future possibilities and directions for this field. 
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1. Introduction 
 

In today's world, where each scientific advancement accelerates the next invention, new technologies 

are becoming indispensable at every stage of our lives. Alongside the advancing technology, significant 

developments are also occurring in our education system. As noted by Wildman and Niles (1987), the 

success of change and development efforts in educational institutions depends on the management’s 

understanding within those institutions. This understanding has imposed new responsibilities on 

school administrators and teachers who play a crucial role in integrating technology into education 

(Akbaba, 2002; Anderson & Dexter, 2005; Flanagan & Jacobsen, 2003). 

Artificial Intelligence (AI) is one of the most important technologies of our time. Today, we encounter 

AI and its applications not only in industry but also in almost every field from agriculture to health, from 

voice assistants to online chat and communication. Consequently, AI is gaining significance in the field 

of education with each passing day. According to the 2018 Horizon report, AI and adaptive learning 

technologies stand out as important developments in the field of educational technology (Becker et al., 

2018). Similarly, the 2024 Horizon Report sees AI as a catalyst for significant advances in higher 

education, noting that it can enhance learning experiences, but also posing challenges that require 

careful management and ethical consideration (Pelletier vd., 2024). 

In its simplest definition, intelligence is the ability to interpret external stimuli, transform them into 

information, and use them. The fact that computers show human-like behaviors such as reasoning, 

problem-solving, inference, and generalization, that is, the use of high-level cognitive skills, can be 
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the sentences about their perceptions of artificial intelligence, especially using 

expressions such as "Artificial intelligence is like ..." and "...because ...". According to the 

findings of the metaphor analysis, teachers conceptualized AI as a job facilitator, 

associating it with robots and machines representing cognitive intelligence. However, 

concerns also emerged about the potential risks of AI and its impact on creativity. The 

findings emphasized the complex perceptions of AI in education, showcasing the balance 

between its positive contributions and the ethical responsibilities it entails. While the 

study offers valuable insights for understanding the complexity of AI in the educational 

context, it also highlights the various metaphors teachers use to describe this technology. 

In this context, prominent metaphors used by teachers to describe artificial intelligence 

include human, robot, brain, assistant, and machine. 
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defined as AI (Arslan, 2020). Today, when AI studies related to education are examined, not only 

knowledge-based but also data and logic-based AI applications take place in every field. Among these 

areas, applications that contribute directly to school management and indirectly to teaching such as 

personalized education systems, exploratory education, student essay analysis, automatic test creation 

systems, exam management, course schedules, and staff schedules are the first ones that come to mind 

(Holmes et al., 2019). 

The success of AI education is closely related to teachers' knowledge and perceptions of AI, and it is also 

important to understand how prepared teachers are (Ayanwale et al., 2022). There are various ways to 

express mental perceptions. One of these is "metaphors" (Kösterelioğlu, 2014). 

Güneş and Fırat (2016) highlighted that metaphor analysis can be used when traditional data collection 

tools such as interviews and observations cannot be used. According to the mental metaphor theory, 

metaphor can be defined as evaluating a phenomenon or event according to another phenomenon or 

event (Lakoff & Johnson, 1980). 

According to Saban (2009), metaphor is formed by stating that a phenomenon X is like a phenomenon 

Y and this is what makes metaphor powerful as a mental model. Morgan (1980) characterized the use 

of metaphor as a way of thinking and a way of seeing our perception of the world, and in this respect, 

metaphors enable the individual to perceive a certain phenomenon as another phenomenon by 

directing the individual's mind from a certain way of comprehension to another way of comprehension. 

Arslan and Bayrakçı (2006) described metaphor as a powerful mental mapping and modeling 

mechanism for individuals to understand and structure their world. Recently, studies on artificial 

intelligence and metaphor have gained importance in national and international education. 

This study aimed to explore teachers' complex mental perceptions of artificial intelligence through 

metaphor analysis. As key stakeholders in the educational environment, teachers' perspectives on this 

transformative technology have significant implications for its effective and ethical implementation in 

the classroom. By identifying the various metaphors teachers use to conceptualize AI, this study 

provides insight into the multifaceted ways in which they make sense of this emerging technology and 

its potential impact on teaching and learning. By using the metaphor method to explore the complex 

interplay between teachers' beliefs, concerns, and aspirations regarding integrating AI into education, 

we aim to contribute to the literature with an in-depth examination of these metaphors. 

1.1 Literature review 

Metaphor studies have been used in various studies to address the perceptions of school administrators, 

teachers, pre-service teachers, and students in education (Kalaycı, 2018; Koç Akran & Karakaş, 2023; 

Sabahat et al., 2023). While Kalaycı's (2018) study explored the perceptions of primary school students 

toward 'science' and 'science' courses, Sabahat et al.'s (2023) study aimed to understand the 

perceptions of students, teachers, and school administrators toward the changing concept of school 

during the COVID-19 pandemic through metaphor analysis method. Similarly, Koç Akran and Karataş 

(2023) studied the perceptions of pre-service teachers towards Generation Z by using metaphor 

analysis in their study. 

There is a limited number of metaphorical analysis studies directly related to the concept of Artificial 

Intelligence (AI), but metaphorical analyses of concepts such as the internet, technology, and computers, 

which are related to this concept, which is an output of digital transformation, are very common (Akçin, 

2023; Ekıċi, 2016; Kaleli Yılmaz & Güven, 2015; Lindh & Nolin, 2017). The studies conducted by Akçin 

(2023) on robotic coding; Ekici (2016) on the concept of computers; Kaleli Yılmaz and Güven (2015) on 

distance education; and Lind and Nolin (2017) on the development of cloud technology through 
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participants' metaphorical conceptualizations point to the diversity of the ways individuals 

conceptualize and make sense of the internet, robotic coding, cloud technology, and distance education 

through metaphors. 

There are various metaphor analysis studies on AI at different levels and in different forms (Aydın et al., 

2022; Demıṙ & Güraksin, 2022; Saçan et al., 2022). Aydın et al. (2022) prepared computer-assisted 

animations for teaching the concept of AI based on the opinions of information technologies teachers 

and evaluated how these animations affected fifth-grade students' perceptions of AI. Demir and 

Güraksin (2022) examined middle school student's perceptions of the concept of AI with the 

metaphorical analysis method.  Saçan et al. (2022) applied metaphorical analysis to the idea of AI for 

children between the ages of 6-10 and their parents. In this study, unlike student perceptions of the 

concept of AI, which was put on the agenda by the Ministry of National Education (MoNE) in parallel 

with the public opinion created by the introduction of ChatGPT by OpenAI company in 2022 (Ministry 

of National Education, 2023), teacher perceptions were addressed through metaphors. 

The study concluded that a significant portion of children learned about artificial intelligence from 

media tools, therefore children should be introduced to the concept of artificial intelligence 

appropriately and correctly from an early age, and parents should also be made aware of artificial 

intelligence. 

1.2 Purpose of the research 

The study aimed to examine the perspectives of educators on the concept of AI, which has gained 

importance with digital transformations in recent years, through the metaphor analysis method. For 

this purpose, answers to the following questions were sought: 

• What are the metaphors generated by teachers about the concept of AI? 

• Under which conceptual categories are the metaphors produced by teachers grouped? 

2. Method 

A phenomenological research method was used to examine teachers' perceptions of the concept of AI. 

Phenomenology is a qualitative research method that examines the experiences of individuals and how 

these experiences are perceived (Moustakas, 1994). In this context, the metaphor analysis method was 

adopted to understand the participants' perceptions. Metaphor analysis is a method used to identify and 

analyze metaphors in a text and allows for a deeper understanding of the conceptual structures and 

cognitive patterns underlying the text (Güneş & Fırat, 2016). In the context of a phenomenological study, 

metaphor analysis provides a deeper understanding from the perspective of those who experience the 

phenomenon by focusing on how metaphors capture the essence of the experiences under study. This 

method is based on the premise that metaphors are not only a figure of speech, but also a fundamental 

mental mechanism that affects the way individuals perceive and interpret the world (Lakoff & Johnson, 

1980). 

2.1 Participants 

The participants were teachers working in Şanlıurfa in the 2023-2024 academic year. To reach the 

teachers working in the study, convenience sampling, one of the purposeful sampling methods, was 

used. In this sampling type, researchers choose this sampling type because they can easily reach a 

certain community (Yıldırım & Şimşek, 2016). 295 teachers participated in the study and 9 teachers did 

not complete the form because they did not approve the consent form. 22 teachers' views on AI were 

not included in the evaluation since they did not describe the metaphor. When the metaphor is not 
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defined, the metaphor may be misinterpreted. Demographic information of 264 teachers who were 

evaluated for the study is given in Table 1. 

Table 1  

Demographic İnformation of Teachers 

  f % 

Gender 
Female 123 46,6 
Male 141 53,4 

Education 

Associate Degree  1 0,4 
Undergraduate  219 83,0 
Master's degree 41 15,5 
PhD 3 1,1 

Experience 

1-5 Years 69 26,1 
6-10 Years 67 25,4 
11-15 Years 52 19,7 
16-20 Years 29 11,0 
21-25 Years 31 11,7 
26 Years and Above 16 6,1 

Grade 

Preschool 11 4,2 
Primary School 70 26,5 
Secondary School 118 44,7 
High School 57 21,6 
Other 8 3,0 

 

According to Table 1, 46.6% of the teachers participating in the study were female and 53.4% were male. 

In this context, many of the teachers participating in the study were male. An analysis of the level of 

education showed that the majority of the teachers (83.0%) had a bachelor's degree. In terms of 

seniority, most of the teachers (26.1%) had 1-5 years of experience and (25.4%) had 6-10 years of 

experience, this shows that more than half of the teachers have less than 10 years of experience. In 

addition, the majority of the teachers participating in the study worked at the secondary school level 

(44.7%). The distribution of the teachers participating in the study according to their branches is given 

in Table 2. 

Table 2  

Distribution of the Teachers Participating in the Study According to their Branches 

 Branch f %  Branch f % 

Primary School Teacher 56 21.2 Visual Arts Teacher 5 1.9 

Science Teacher  25 9.5 Imam Hatip High School Vocational 
Teacher 

4 1.5 

Elementary Mathematics Teacher  21 8.0 Music Teacher 4 1.5 
Turkish-Language Teacher 19 7.2 Biology Teacher 4 1.5 
Religious Culture and Moral Knowledge 
Teacher 

17 6.4 Arabic Teacher 3 1.1 

English Teacher 15 5.7 Chemistry Teacher  3 1.1 
Guidance Teacher 14 5.3 Technology and Design Teacher 2 0.8 
Social Studies Teacher  11 4.2 French Teacher 2 0.8 
Preschool Teacher 10 3.8 Geography Teacher  2 0.8 
Physical Education Teacher 8 3.0 Child Development Teacher  2 0.8 
Special Education Teacher 8 3.0 Physics Teacher  1 0.4 
Turkish Language and Literature Teacher 8 3.0 Electricity Teacher  1 0.4 
Other 6 2.3 Philosophy Teacher  1 0.4 
History Teacher 6 2.3 Secondary Mathematics Teacher  1 0.4 
Information Technology Teacher  5 1.9    
   Total 264 100.0 
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Table 2 presents the distribution of the teachers participating in the study according to their branches. 

According to the analysis, the majority of the teachers participating in the study (21.2%) were identified 

as primary school teachers, and they were followed by science teachers with 9.5%. The lowest 

participation rate belongs to Physics, Electricity, Philosophy, and Secondary Mathematics teachers with 

0.4%. Although the participation of teachers from different branches in the study enables different 

perceptions of AI, the difference in the number of participations based on the branch is one of the 

limitations of the study. 

2.2 Data collection and data analysis 

Studies in the literature were examined in the development of the data collection tool (Bozkurt, 2020; 

Hacıfazlıoğlu et al., 2011; Saban, 2009). In line with the reviewed studies, a semi-structured interview 

form was developed. The semi-structured interview form consists of two parts. The first part includes 

the section where data on teachers' demographic information (gender, education level, seniority, school 

level, and branch) will be collected, and the second part is the section where data on teachers' 

metaphorical perceptions are collected. To reveal the metaphorical perceptions of the teachers, each 

participant was asked to complete the construct 'Artificial Intelligence is like.................because..........' 

related to the concept of Artificial Intelligence. Participants were also asked to define a metaphor.  The 

concept of 'like' in this structure aimed to establish a connection between the subject and the source of 

the metaphor. In addition, the concept of 'because' was used to reveal the justification attributed to the 

metaphor (Saban, 2008, 2009). This form was integrated into an online environment and data were 

collected from teachers through the online environment. 

Data were collected through an online environment. The content analysis method was used to analyze 

the qualitative data collected for metaphorical perception (Yıldırım & Şimşek, 2016). Metaphors were 

created through content analysis and these metaphors were grouped under categories. Frequencies and 

percentages were used to show the frequency of use of metaphors. Data analysis was carried out in four 

stages (Saban, 2004): 

1. Analyzing and evaluating the collected data: At this stage, the data collected through the online 

environment were exported in Microsoft Excel format and the data were put in an order after 

numbering. 

2. Sorting stage and creation of metaphors: At this stage, metaphors that were irrelevant or invalid were 

eliminated from the data transferred to MAXQDA software. 22 teachers’ opinions about AI were not 

included in the evaluation because they did not describe the metaphor. When the metaphor is not 

defined, the metaphor may be misinterpreted.  Metaphors were produced by coding from the opinions 

included in the evaluation. 

3. Creating categories from the metaphors: At this stage, the metaphors created on the MAXQDA 

application were grouped under categories. This involves a systematic process of reviewing each 

metaphor and identifying recurring concepts. Metaphors with similar ideas are then grouped under 

relevant categories. 

4. Validity and reliability procedures: At this stage, coding was performed by a second expert and 

Cohen's Kappa value was calculated through MAXQDA software. Kappa value was found to be 0.89. This 

value being in the range of 0.81-1.00 is considered a "very good agreement" (Kılıç, 2015). To contribute 

to the validity and reliability of the research, the opinions of the participants were given using 

abbreviations such as T-1, T-2 without specifying the names of the participants. 

Ethical Approval: Ethics committee approval dated 19.10.2023 and numbered 2023/156 was obtained 

from Harran University Social and Human Sciences Ethics Committee for this research. 
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3. Findings 

In this part of the study, the findings of the data collected from the teachers regarding the concept of AI 

are discussed in the context of the research questions respectively. 

3.1 What are the metaphors produced by teachers about the concept of AI? 

In this section, the metaphors produced by the teachers about the concept of AI are included. The data 

includes the metaphors used by the teachers to define AI during the research process. Table 3 presents 

the metaphors produced by teachers to express the concept of AI. 

Table 3  

Teachers' Metaphors about the Concept of AI 

No Metaphor Name f No Metaphor Name f No Metaphor Name f 
1 Human 26 36 Miracle 2 71 Tightrope Walking 1 
2 Robot 25 37 Ocean 2 72 Swiss Army Knife 1 
3 Brain 13 38 Player 2 73 Heart 1 
4 Assistant 10 39 Compass 2 74 Commander 1 
5 Machine 10 40 Dream 2 75 Sheep 1 
6 Space 9 41 Soil 2 76 Remote Control 1 
7 Computer 8 42 Artificial Flower 2 77 Bird 1 

8 
Baby 

7 43 
Star 

2 78 
Small Home 
Appliances 

1 

9 Intelligence 6 44 Time 2 79 Lemon 1 
10 Future 5 45 Octopus 1 80 Logic 1 
11 Teacher 5 46 Gold 1 81 Scalpel 1 
12 Technology 5 47 Key 1 82 Nur 1 
13 Light 4 48 Encyclopedia 1 83 Nuclear Energy 1 
14 Weapon 4 49 Antidepressant 1 84 Spider 1 
15 Car 3 50 Search Engine 1 85 Daisy 1 
16 Mirror 3 51 Horse 1 86 Potato 1 
17 Wise 3 52 The Unknown Path 1 87 Spring 1 
18 Digital Universe 3 53 Plant 1 88 Renaissance 1 
19 Parent 3 54 Chameleon 1 89 Clock 1 
20 Hand Foot 3 55 Puzzle 1 90 Milky Way Galaxy 1 
21 Imagination 3 56 Cloud 1 91 Cigarette 1 
22 Medicine 3 57 The Invisible Part of the Iceberg 1 92 Magic Wand 1 
23 Tree 2 58 Counselor 1 93 Simulation 1 
24 Aladdin's Genie 2 59 Mill 1 94 Glossary 1 
25 Fire 2 60 State 1 95 Chief 1 
26 Moon 2 61 Bottomless Well 1 96 Savings 1 
27 Avalanche 2 62 DNA 1 97 Horizon Line 1 
28 Night 2 63 Education Coaching 1 98 Virus 1 
29 Shadow 2 64 Idea 1 99 Demigod 1 
30 Solar System 2 65 Movie 1 100 Investment 1 
31 Copy of Life 2 66 Night and Day 1 101 Cooking 1 
32 Animal 2 67 Sky 1 102 Method 1 
33 Invention 2 68 Ghost 1 103 Time Machine 1 
34 Oracle 2 69 Cell Nucleus 1    
35 Closed Box 2 70 Wrench 1    
      103 Total 264 

 

According to Table 3, a total of 103 metaphors were produced by teachers. These metaphors were coded 

264 times in total. Among the metaphors analyzed, the most coded metaphors were human (26) and 

robot (25) metaphors, respectively. 

3.2 Under which conceptual categories are the metaphors generated by teachers grouped? 
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In the context of this research question, the metaphors produced by teachers about the concept of AI 

were categorized. This involves a systematic process of reviewing each metaphor and identifying 

recurring concepts. Metaphors with similar ideas are then grouped under relevant categories. These 

categories are given in Table 4. 

Table 4  

Distribution of the Metaphors Produced by Teachers about the Concept of AI According to Categories 

Categories Metaphors f 

Technology and 
Machines 

Robot (25), Assistant (10), Machine (10), Computer (8), Technology (5), Car (3), 
Digital Universe (3), Invention (2), Compass (2), Artificial Flower (2), Search 
Engine (1), Mill (1), Small Home Appliances (1), Nuclear Energy (1), Investment 
(1), Time Machine (1) 

76 

Live Assets 
Human (26), Baby (7), Parent (3), Hand-Foot (3), Tree (2), Animal (2), Player (2), 
Octopus (1), Horse (1), Plant (1), Chameleon (1), Sheep (1), Bird (1), Spider (1), 
Chef (1) 

53 

Education and 
Mental 
Expressions 

Brain (13), Intelligence (6), Teacher (5), Wise (3), Imagination (3), Dream (2), 
Encyclopedia (1), Counselor (1), Educational Coaching (1), Idea (1), Logic (1), 
Renaissance (1), Simulation (1), Dictionary (1), Savings (1), Method (1) 

42 

Nature and the 
Universe 

Space (9), Light (4), Fire (2), Moon (2), Avalanche (2), Night (2), Shadow (2), Solar 
System (2), Ocean (2), Earth (2), Star (2), Time (2), Cloud (1), Night and Day (1), 
Sky (1), Daisy (1), Spring (1), Milky Way Galaxy (1), Horizon Line (1), 

40 

Daily Life and 
Objects 

Mirror (3), Copy of Life (2), Gold (1), Key (1), Movie (1), Wrench (1), Tightrope 
Walking (1), Swiss Army Knife (1), Remote Control (1), Lemon (1), Potato (1), 
Clock (1), Cooking (1) 

16 

The Future and 
the Unknown 

The Future (5), The Closed Box (2), The Unknown Path (1), The Puzzle (1), The 
Invisible Part of the Iceberg (1), The Bottomless Pit (1) 

11 

Magical and 
Imaginary 
Elements 

Aladdin's Genie (2), Oracle (2), Miracle (2), Ghost (1), Light (1), Magic Wand (1), 
Demigod (1) 

10 

Health 
Drug (3), Antidepressant (1), DNA (1), Cell Nucleus (1), Heart (1), Scalpel (1), 
Cigarette (1) 

9 

Security Weapon (4), State (1), Commander (1), Virus (1) 7 

 

In Table 4, the metaphors created by the teachers for the concept of AI are grouped under certain 

categories. These metaphors were classified under 9 different categories in total. The highest number 

of metaphors and coding occurred in the Technology and Machines category (f=76). The lowest number 

of metaphors was found in the category of Security, with a total of 7 codings in this category. In the 

context of this research question, the categories presented in Table 4 are explained below under the 

headings respectively. 

3.3 Technology and machines category 

As seen in Table 4, 16 metaphors were created under this category, in particular, metaphors such as the 

robot, assistant, machine, and computer stand out in this category. Teachers perceive Artificial 

Intelligence as a programmable and automatically functioning entity, thinking of it as a robot. 

 Sample participant views: 

Artificial Intelligence is just like a robot because robots are also directed by others (T-51). 

Artificial Intelligence is like a machine because it makes our work easier (T-1). 

Artificial Intelligence is like an assistant because it helps us in every subject (T-93). 

Artificial Intelligence is like a computer because it can search, learn, and apply every piece of information 

(T-245). 
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3.4 Live assets category 

According to Table 4, a total of 15 metaphors were created under this category, and metaphors such as 

human, baby, parent, hand-foot, tree, and animal are at the forefront in this category. These metaphors 

were coded 53 times in total and focused on associating AI with living beings and equipping it with 

human-like features. 

Sample participant views: 

Artificial Intelligence is like a human who uses 100% of his/her brain because it has the potential and 

energy to do all kinds of creativity (T-117). 

Artificial Intelligence is like a newborn baby because it learns what we teach. If we teach good things, he 

takes it, if we teach bad things, he grasps it. He adopts our way of life and culture and exhibits behavior 

accordingly (T-109). 

Artificial Intelligence is like foster parents because protective parents guide cautious behavior with their 

predictions (T-77). 

Artificial intelligence is like a hand and foot because it helps us fulfill our needs (T-66). 

3.5 Education and mental expressions category 

A total of 16 metaphors were produced under this category (Table 4): metaphors such as brain, 

intelligence, teacher, and wise stand out in this category. These metaphors were coded 42 times in total 

and associated with the mental and educational aspects of AI. 

Sample participant views: 

Artificial Intelligence is like an artificial brain because if it is used correctly, it works like a brain (T-242). 

Artificial Intelligence is like human intelligence because many things that are done with human intelligence 

are imitated in a way to makes different beings capable of doing them (T-202). 

Artificial Intelligence is like a teacher because it makes our lives easier and enables us to obtain information 

that is more difficult to obtain more easily (T-76). 

Artificial Intelligence is like a sage who knows everything. Because whatever you ask, it has an idea (T-

145). 

3.6 Nature and the universe category 

A total of 19 metaphors were generated in this category (Table 4), with notable examples including 

space, light, moon, avalanche, and night. These metaphors were coded 40 times in total, emphasizing 

the comparison of AI to elements in the universe and nature. 

Sample participant views: 

Artificial Intelligence is like space because it is full of unknowns and surprises (T-107). 

Artificial Intelligence is like light because light enlightens us and artificial intelligence enlightens us (T-17). 

Artificial Intelligence is like the moon because the moon reflects the sunlight and artificial intelligence uses 

the example of human beings (T-181). 

Artificial Intelligence is like an avalanche because as it progresses, it causes new growth (technological) in 

every field (T-168). 



Hasan Celal Balıkçı, Mustafa Alpsülün, Gülseren Hayoğlu 

187 
 

3.7 Daily life and objects category 

A total of 13 metaphors were generated in this category (Table 4), with prominent examples including 

mirror, copy of life, gold, and key. These metaphors were coded 16 times in total, focusing on the 

association of AI with everyday life and objects. 

Sample participant views: 

Artificial Intelligence is like a mirror because we see ourselves in front of it (T-58). 

Artificial intelligence is like a copy of life because it is similar to the things in life, it is the reflection of life 

to us with slight changes (T-262) 

Artificial intelligence is like a key because it opens the door to new worlds (T-271) 

Artificial intelligence is like a lemon because it looks good and smells nice but it is sour in the mouth. 

Artificial intelligence is also good to use, but if it is not used correctly, it will harm people. (T-63) 

3.8 Future and the unknown category 

A total of 6 metaphors were produced under this category (Table 4), metaphors such as future, closed 

box, and unknown road stand out in this category. These metaphors were coded 11 times in total, 

emphasizing the uncertainty and unexplored potential of AI for the future. 

Sample participant views: 

Artificial Intelligence is like a future full of secrets because the benefits it will provide to humanity cannot 

even be predicted yet. (T-35) 

Artificial Intelligence is like walking on an unfamiliar path because walking on the road is exciting and 

scary. (T-216). 

Artificial Intelligence is like a puzzle because as you solve it, your mind opens (T-36). 

Artificial Intelligence is like the invisible part of the calf because I think that we have discovered very few 

things that can be done with artificial intelligence (T-7). 

3.9 Magical and imaginary elements category 

A total of 7 metaphors were produced under this category (Table 4), metaphors such as Aladdin's Genie, 

clairvoyant, and miracle stand out in this category. These metaphors were coded 10 times in total and 

focused on the association of AI with magical and imaginary elements. 

Sample participant views: 

Artificial Intelligence is like Aladdin's Genie because it offers us what we want immediately (T-188). 

Artificial Intelligence is like a soothsayer because it predicts the next step (T-141) 

Artificial Intelligence is like a miracle because artificial intelligence is something that affects and facilitates 

our lives just like miracles, it is something that has no limits, and just as new miracles can happen at any 

moment, artificial intelligence is renewable (T-210).  

Artificial intelligence is like a ghost because it does not have a certain shape and weight. It does not occupy 

space, but it frightens humanity (270, Location 1-2) 

3.10 Health category 
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A total of 7 metaphors were produced under this category (Table 4), metaphors such as drugs, 

antidepressants, and DNA stand out in this category. These metaphors were coded 9 times in total, 

emphasizing the role and effects of AI in health. 

Sample participant views: 

Artificial Intelligence is like medicine because what determines whether it is useful or harmful is its correct 

use (T-116). 

Artificial Intelligence is like an antidepressant because when the dosage is not adjusted well, it gets out of 

control (T-102). 

Artificial Intelligence is like a DNA helix because as you enter into it, endless new information welcomes 

you. (T-126) 

Artificial Intelligence is like a scalpel because if you give the scalpel to a doctor, it will save a person's life, 

but if you give it to a tramp, it will ruin both his life and someone else's life (T-244) 

3.11 Security category 

A total of 4 metaphors were produced under this category (Table 4), metaphors such as weapon, state, 

and commander stand out in this category. These metaphors were coded 7 times in total and focused on 

associating AI with security and assuming a controlling role. 

Sample participant views: 

Artificial Intelligence is like a weapon because it kills people's brains (T-59). 

Artificial Intelligence is like a commander because it orders the commands that the brain will receive to its 

systems in its format like the functioning of the human mind (T-236). 

Artificial Intelligence is like a state because you know its existence but you cannot touch it (T-32). 

Artificial Intelligence is like viruses because it will enter our lives suddenly and when it becomes strong 

enough, it will take control and threaten the existence of the human species (T-172). 

After categorizing the metaphors from 264 teachers in total within the scope of the research, it presents 

a word cloud focusing on the most coded metaphors in each category. The most coded metaphors among 

the categories analyzed in detail in this section are highlighted in Figure 1 with the word cloud. 
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Figure 1 

Word Cloud Representation of Teachers' Most Frequently Coded Metaphors Related to the Concept of AI 

 

 

 

 

 

 

 

 

 

 

The word cloud in Figure 1 visually expresses the most prominent metaphors coded at least twice for 

each category and the frequency of these metaphors. This visual provides an important summary to 

determine teachers' perceptions of the concept of AI. 

4. Discussion and Conclusion 

The findings show that teachers use various metaphors to understand and define the concept of AI. The 

findings also show that teachers generally associate AI with technology and machines, but they also 

evaluate this concept under different categories. These categories include "Living Beings," "Education 

and Mental Expressions," "Nature and Universe," "Daily Life and Objects," "Future and Unknown," 

"Magical and Imaginary Elements," "Health," and "Security." 

Among the prominent metaphors in the technology and machines category are technological terms such 

as "Robot," "Assistant," "Machine," and "Computer". Teachers perceived Artificial Intelligence as a 

programmable and automatically functioning entity. When these perceptions are supported with 

examples from teachers' opinions, metaphors can be explained in a more meaningful way. For example, 

"Artificial Intelligence is just like a robot. Because robots are also directed by others" (T-51). Similarly, 

metaphors such as robot, machine, and computer were frequently used in studies conducted with 

different target groups in the literature (Aydın et al., 2022; Demıṙ & Güraksin, 2022; Saçan et al., 2022). 

In the category of Living Beings, teachers associated AI with living beings such as "Humans," "Baby," 

"Parents," "Hand-Foot," and "Animals". These metaphors tend to equip AI with human-like 

characteristics. Excerpts from the teachers' views explain how teachers understand AI by underlining 

these metaphors. For example, "Artificial Intelligence is like a human who uses 100% of his/her brain. 

Because it has the potential and energy to do all kinds of creativity" (T-117). Similarly, in Aydın et al.'s 

(2022) study, both the human metaphor was used and the human category was created. Additionally, 
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this study included metaphors like baby and plant. This finding is also supported by the research of 

Demir and Güraksin (2022) and Saçan (2022). 

The use of metaphors in understanding and explaining the concept of Artificial Intelligence offers deep 

insight into how teachers perceive and make sense of this advanced technology. By associating AI with 

living beings, everyday life, objects, and even magical/imaginary elements, teachers can convey a wide 

range of features and implications of AI. This diversity allows teachers to make sense of AI in their 

context and bring different perspectives to this concept. Teachers' perspectives taken in this context 

play a crucial role in curriculum planning (Chiu & Chai, 2020), promoting students' well-being (Dai et 

al., 2020), and improving teaching effectiveness (Lin, 2022). Moreover, teachers' attitudes toward AI 

influence the reliability of educational research evidence (Cukurova et al., 2020) and their confidence in 

AI-enabled educational technology (Nazaretsky et al., 2022). Moreover, teachers' perceptions influence 

the development of AI literacy (Zhao et al., 2022), the design of AI-supported pedagogical actions 

(Kasepalu et al., 2022), and the investigation of the impact of AI on teaching and learning (Bearman et 

al., 2023). The study emphasizes that these diverse metaphors are a valuable resource for 

understanding the role and potential implications of AI in education. The diverse interpretations of AI 

can assist educators in adopting this technology more efficiently and effectively imparting its knowledge 

to students. However, the study's focus on examining teachers' perspectives on AI in a specific region 

may have limited the coverage of all potential perspectives on AI in education. Additionally, the use of a 

sentence completion method could have influenced teachers' metaphor choices, potentially restricting 

the diversity of viewpoints expressed.  

Future research could examine AI-related metaphors used by teachers from diverse cultural and 

educational backgrounds and conduct longitudinal studies to explore how teacher perceptions evolve 

as AI becomes more prevalent in education. 
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1. Introduction 
 

Artificial Intelligence (AI) is a computer technology that mimics human cognition and can work faster 
and more effectively than human intelligence in some areas. Gondal (2018) states that AI can perceive, 
interpret, learn, and infer the essential characteristics of human intelligence. Human intelligence 
continues to surpass AI at present. However, it is seen that AI works faster and more effectively than the 
human brain in solving complex tasks and under rapidly changing conditions (Teng, 2019). According 
to the definition provided by Obschonka and Audretsch (2020), AI can be summarized as the ability to 
solve complex problems and adapt to changing conditions using human intelligence’s reasoning and 
prediction abilities. Although AI is a term coined by McCarthy in 1956 (Ertel, 2011), there has been a 
rapid increase in the number of studies in this field. Singh et al. (2013) stated that AI has various skills, 
such as performing in specialized areas, problem-solving, natural language communication, and object 
recognition. In this context, AI functions as a computer brain and is considered a branch of science 
representing studies in this field. Since 1956, AI has been developing rapidly, and this development 
process will continue rapidly in the coming years in line with technological advances. According to 
Boucher (2019), the three prominent concepts of AI are artificial general intelligence that is not limited 
to specific fields, artificial superintelligence that exceeds human intelligence, and AI that becomes 
autonomous. These concepts allow for predicting the future development of cognitive abilities where AI 
can surpass human intelligence. AI is used in many areas, including communication, digitalization of 
business and transactions, rapid access to information, health, and security (Komalavalli et al., 2020). 

Present and Future of Artificial Intelligence: A Case Study on Prospective Teachers 

Research Article 

Sakarya University Journal of Education 

ISSN : 2146-7455 
Publisher : Sakarya University 

Vol. 14, No. Special Issue, 194-212, 2024 
DOI: https://doi.org/10.19126/suje.1466052  

 

Cite as (APA 7): Uymaz, M. (2024). Present and future of artificial intelligence: A case study on prospective teachers. Sakarya University Journal of Education, 
14(Special Issue), 194-212. https://doi.org/10.19126/suje.1466052 

                                 

 This is an open access paper distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International License. 

Abstract: This study investigates prospective teachers' perspectives on the present status 
of artificial intelligence (AI) and their predictions regarding its future development. The 
study utilized a case study approach to select a group of 64 prospective teachers from 
the faculty of education at a state university in Türkiye. The study participants 
comprised 34 female and 30 male prospective teachers. The researchers employed a 
purposive sampling technique, specifically the criterion sampling approach, to select the 
prospective teachers included in the study. The researchers collected data for the study 
using the "AI Perception Interview Form" and the "AI Future Foresight Determination 
Form," and then analyzed the data using descriptive and content analysis techniques. 
The results showed that prospective teachers obtained information about AI primarily 
from social media, internet/news websites, and applications. Analyzing the definitions 
and explanations provided by the prospective teachers revealed that they particularly 
emphasized the uploading of human intelligence to computer systems, the acquisition of 
human-like abilities by machines, and the ability of AI to learn independently. 
Additionally, prospective teachers identified health, education, accounting, and finance 
as domains with significant potential for the advancement of AI. In education, the initial 
applications prospective teachers thought AI could be used for included determining 
students' mental states, assessing student levels, and providing personalized content. 
The data obtained from the study indicate that prospective teachers produced both 
utopian and dystopian content regarding the future of AI. This production of varied 
content reveals that prospective teachers have diverse perspectives on the future of AI. 
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AI influences our lives through its functionalities, including perception, self-learning, and decision-
making. In the near future, it is anticipated that AI will further enhance human existence and assume a 
more prominent role in daily affairs. However, these developments also bring along some concerns. In 
particular, concerns about the privacy and use of data collected as AI occurs in all areas of life are 
increasing (Oliveira et al., 2020). There are also concerns about the uncontrolled use of AI, increased 
unemployment, and increased war casualties (Fast & Horvitz, 2017). In particular, the potential of AI to 
replace humans in the labor market is one of the most debated issues today. 

Although it is not possible to make a definite prediction about of the future AI, it is possible to make 
predictions by looking at the realization of predictions made in the past. For example, in 1957, Simon 
predicted that computers would become chess champions within ten years. Similarly, in 1973, Oscar 
Firschein and SRI engineers made predictions about the release dates of certain products in consultation 
with AI experts. They offered the possibility of changing these predictions with the Delphi method 
(Firschein et al., 1973). One of the most essential points where advanced technology differs from 
traditional technologies is that a more efficient production process becomes possible by using fewer 
production inputs such as labor, natural resources, and energy. A significant portion of the investments 
made, especially in developed countries, are realized as investments involving advanced technology, 
and this trend is expected to continue in the future (Taşkın & Adalı, 2004, p. 140). This shows that highly 
critical technology such as AI will become more widespread and record a significant development. 

AI studies have made significant progress in the last two decades. With the applications of AI, situations 
and events considered very difficult in the history of humanity can be faced today without difficulty 
(Acar, 2020). Looking at the applications of AI in human sciences, there is a general belief that AI only 
enables the control of machines or robots. However, unlike this belief, with the increase in social media 
platforms such as Instagram, Facebook, and Twitter, which turn people's behavior and the movements 
of society into data, changes occur in the methods and processes of individuals communicating and 
interacting, acquiring and disseminating information. Consequently, there is a discernible rise in the 
efficacy of AI observed in studies conducted within fields categorized as human sciences and social 
sciences. It is possible to predict who will reshare a post shared on Twitter based on author, text and 
content-based features (Xu & Yang, 2012, p. 48). It is possible to diversify applications similar to this 
example. It seems possible to encounter the information provided to individuals by tracking the traces 
on websites in every field. An AI application that takes people to a desired address from the most 
convenient route, such as offering various individual suggestions with the information obtained from 
previous purchases in the virtual environment, makes people's lives more accessible in terms of 
spending less time and effort (Sarıel, 2017, p. 22). Access to information becomes easier through AI, and 
sharing and accessing existing materials, especially in educational applications, with this system 
becomes much more accessible. However, this is only possible for individuals who can access systems 
using AI. 

Human-AI interaction is a solution or collaboration that can help people worldwide. Therefore, current 
technologies can inspire people to use AI for education and training. It can motivate students and 
teachers to be more involved in learning and teaching. The Encyclopedia of Science, Technology, and 
Ethics (Kelley & Knowles, 2016) refers to AI as "the hybridization of man and machine". In addition, AI 
refers to semi-robotic human beings who aim to make the human body more qualified and biologically 
superior (van Hooijdonk, 2017). Complex computing systems using machine learning algorithms and AI 
can help individuals with different abilities. They are also involved in some human-like processes and 
can perform complex tasks in teaching and learning. This interaction between humans and machines is 
a breakthrough in helping humans acquire knowledge and memorize.  

Studies in AI play a significant role in developing intelligent systems that produce solutions to a specific 
problem by modeling the most intelligent beings (Coppin, 2004). AI is a field of study based on human 
intelligence, and one can imitate it through computers and generate products in different areas of daily 
life. With AI, it is possible to develop computer systems that artificially produce intelligent thoughts and 
behaviors of beings in nature (Aydın, 2017; Balaban & Kartal, 2015). In addition, AI technologies have 



Sakarya University Journal of Education, 14(Special Issue) 2024, 194-212 
 

196 
 

come to the forefront in many areas of life with the ability of artificial neural networks, which are 
included in the concept of AI, to produce solutions to events that have never been encountered before 
by learning from the available data (Atasoy, 2012, p. 39; Yılmaz, 2012, p. 34). These technologies, which 
are included in our daily lives in almost every field, such as health, security, software, and 
communication, are also used in the field of educational technology, as stated in the 2018 higher 
education version of the NMC (New Media Consortium) Horizon Report (Becker et al., 2018). In this 
direction, many countries, such as Russia and China, have gradually started integrating AI technologies 
into education (Nabiyev & Erümit, 2020). In Türkiye, under the coordination of the Digital 
Transformation Office, which serves under the Presidency of the Republic of Türkiye, various projects 
are being prepared regarding AI in institutions/organizations serving in the field of education, such as 
the Ministry of National Education, YÖK, and universities. Efforts are being made to put these projects 
into practice. These projects cover digital classrooms, lifelong learning approaches, talent hunting for 
qualified human resources, and new education models (Tamer & Övgün, 2020). As one of the first 
applications in this context, MoNE launched the EBA Assistant application to instantly meet the needs 
of students and their parents enrolled in distance education courses. This situation again shows the need 
for AI-based online education applications in special situations such as the COVID-19 pandemic. In 
contemporary times, unique circumstances such as the pandemic have necessitated the implementation 
of distance education for educational and training processes, leading to a widespread transition to 
digital learning environments within this domain. The technical revolution in this field (Nabiyev & 
Erümit, 2020), consisting of internet networks with high connection speed, AI, big data, and cloud 
services, is essential in transitioning to the digital environment. 

Many countries are actively pursuing the integration of AI technologies into education. The objective of 
these endeavors is not to supplant teachers in the educational sphere but rather to liberate them from 
mundane tasks, enhance the professionalism, engagement, and enjoyment of lessons, curate the most 
suitable teaching materials for particular student demographics, and foster lasting learning experiences 
by simplifying the learning process (Nabiyev & Erümit, 2020). In addition, studies on integrating AI 
technologies into the educational process and creating online learning environments with these 
technologies can be used to identify student dynamics based on student’s learning experiences and to 
support students’ learning processes within the framework of these variables. In this direction, AI 
technologies are suggested as an assistant for the teacher in the learning process. For the teacher to 
benefit from AI technologies while organizing the teaching process, he/she should have knowledge and 
awareness about these technologies. In recent literature, there has been an emergence of studies 
investigating the utilization of AI within higher education (Khare et al., 2018; Popenici & Kerr, 2017; 
Taşçı & Çelebi, 2020). For instance, Taşçı and Çelebi (2020) specifically examined the implementation 
of AI technologies in higher education settings. They discussed how these institutions can prepare for 
the future with AI technologies. In another study, Khare et al. (2018) researched the adoption of AI 
technologies in education, considering technological, social, political, economic, cultural, and ethical 
variables. Popenici and Kerr (2017) investigated the impact of AI technologies in higher education, 
focusing on their effects on students' learning styles, teaching processes within educational institutions, 
and the evolution of these processes. 

The rapid development of technology is intensifying the influence of AI and automation across nearly 
every facet of work and daily life. Consequently, the field of education is undergoing an inevitable 
transformation amid this period of change. The development of AI plays a role in supporting and shaping 
educational processes. However, in this process, it is critical that prospective teachers, who will raise 
the future generations, have knowledge about AI and can use this technology effectively in education. 
Considering that teachers are individuals who directly impact the future of society, the adaptation of 
prospective teachers to current technology as the cornerstones of the education system and their ability 
to use technology effectively play a critical role in shaping students’ future. AI, popular among current 
technologies, enables learning-teaching environments to become more effective, better understand 
student needs, and create personalized learning experiences. AI systems can analyze student data to 
personalize learning experiences based on each student’s strengths and weaknesses, making learning 
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more efficient and tailored. Additionally, AI automates the assessment of exams and assignments 
through natural language processing (NLP), reducing the workload of teachers and providing quicker, 
more consistent evaluations. AI-powered virtual assistants offer 24/7 support to students, answering 
questions and aiding in their learning processes, thus fostering independent learning skills. 
Furthermore, AI utilizes big data analytics to monitor and analyze learning behaviors, helping educators 
and administrators track student progress and optimize educational strategies. 

In classroom management and lesson planning, AI assists teachers by analyzing student participation 
and performance, offering insights and recommendations to enhance teaching methods and classroom 
dynamics. In STEM education, AI provides innovative tools and applications, such as simulations and 
modeling, allowing students to grasp complex scientific concepts more effectively. Moreover, AI can 
assess and enhance students' emotional intelligence and social skills by analyzing their emotional states 
and social interactions, providing feedback to improve their social engagement. These advancements 
underline the importance of prospective teachers being well-versed in AI technologies to effectively 
integrate them into their teaching practices and better prepare students for the future.  

Examining prospective teachers' interpretations, knowledge sources, and areas of growth concerning 
AI is crucial for the future of the education system and for preparing them to navigate this 
transformation. Such investigations can aid prospective teachers in enhancing their proficiency in 
technology-related domains and formulate strategies for efficiently integrating AI in education. 
Additionally, it can bolster the competitiveness of prospective teachers in the job market by ensuring 
they are better prepared for their post-graduation careers. This, in turn, contributes to economic and 
social advancement at both individual and societal levels. Empowering prospective teachers with 
knowledge and competencies related to AI will fortify the prospects of students by equipping them to 
leverage technology effectively in their educational journeys. This endeavor is pivotal in fostering a 
more sustainable future for society. Therefore, the exploration of AI education holds paramount 
significance, and endeavors in this realm should be endorsed and incentivized. 

It is widely believed that prospective teachers, who will play a crucial role in shaping the future of 
education and training, should possess a comprehensive understanding of the concept of AI and be 
cognizant of its potential applications. It is essential to reveal prospective teachers’ awareness of AI and 
to determine their predictions about how it will be used in education. By determining the current 
situation of AI in terms of prospective teachers and investigating the predictions for the future of AI, it 
can be ensured to determine the awareness of AI as well as to reveal the predictions about the 
development process of AI. Understanding prospective teachers' awareness of AI (AI) and their 
predictions regarding its future applications in education is paramount. As educators-to-be, their 
perceptions of AI will significantly influence how they integrate technological advancements into their 
teaching practices and shape the learning experiences of future generations. By examining the current 
landscape of AI awareness among prospective teachers and delving into their forecasts for its 
educational utilization, we aim not only to gauge their comprehension of AI but also to uncover insights 
into the trajectory of AI development within educational contexts. In essence, this investigation seeks to 
bridge the gap between theoretical understanding and practical application, shedding light on the 
evolving role of AI in education and empowering prospective teachers to harness its potential 
effectively. 

This study investigated the perspectives of prospective teachers regarding the concept of AI and their 
forecasts regarding its future implications. Within the framework of this purpose, the sub-objectives of 
the study are as follows: 

1. What are prospective teachers' sources of information about AI? 

2. What are prospective teachers’ definitions/explanations regarding AI? 

3. What are prospective teachers' thoughts about the development of AI in the future? 
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4. What are prospective teachers’ thoughts about the use of AI in education? 

5. What are prospective teachers' predictions of AI? 

2. Method 

2.1. Research model 

In the study conducted to determine prospective teachers' awareness of the current situation of AI and 
their predictions of AI, the case study method was used. The case study is a research method that 
describes a current phenomenon or existing situation within its conditions (Cohen et al., 2007; Yin, 
2009). In addition, a case study is a methodological approach that involves an in-depth examination of 
a limited system using multiple data collection to collect systematic information about how that system 
functions and works (Chmiliar, 2010). Merriam (2013) defines a case study as an exhaustive depiction 
and analysis of a constrained system. Conversely, according to Creswell (2007), a case study constitutes 
a qualitative research methodology wherein the researcher scrutinizes one or more time-bound 
situations extensively, utilizing various data collection instruments (such as observations, interviews, 
audiovisual materials, documents, and reports) involving multiple sources. Through this process, the 
researcher elucidates situations and themes pertinent to the context under investigation. In light of the 
aim of this study to systematically gather data elucidating prospective teachers' perspectives on the 
current landscape of AI and their prognostications regarding its future trajectory, the case study method 
is deemed appropriate for the nature of the inquiry. 

2.2. Participants 

The study group, which was conducted using the case study method, consisted of 64 prospective 
teachers studying at the faculty of education of a university in the Marmara Region of Türkiye in the 
2023-2024 academic year. Of the prospective teachers in the study, 34 were female, and 30 were male. 
The participants included in the scope of the study are indicated with codes (P-1, P-2...) according to the 
order. The "criterion sampling" approach, one of the purposeful sampling methods, was preferred in 
determining the prospective teachers who took part in the research study. The basic understanding of 
the criterion sampling method is to study all situations that meet a set of criteria determined by the 
researcher or prepared in advance (Yıldırım & Şimşek, 2011). In studies where criterion sampling is 
preferred, observation units can be formed of people, events, or situations with certain qualities. In this 
case, the units corresponding to the criteria determined for the sample are included in the sample 
(Büyüköztürk et al., 2014). In the selection of prospective teachers to be included in this research, their 
qualifications were taken into consideration and the basic criteria were that the candidates had taken 
courses on AI or participated in a training program on AI. 

2.3. Data collection tools 

As a data collection tool in the study, the researcher developed the "AI Perception Interview Form" and 
the "AI Future Foresight Determination Form" in order to determine what the prospective teachers' 
sources of information about AI are, how they define AI, what their views on the development of AI are, 
what their thoughts about its use in education are, and what their predictions about of AI are. In the 
preparation phase of the forms, a literature review was conducted, and then the "AI Perception 
Interview Form" was created by utilizing the Çam et al. (2021) study. This form includes four questions 
regarding prospective teachers' definitions of AI, sources of information on AI, and their views on the 
development of AI and its use in education. The second data collection tool of the study, the "AI Future 
Foresight Assessment Form" was created based on the study conducted by Uymaz (2023) and was used 
to determine prospective teachers' predictions of AI. Within this form, prospective teachers are also 
requested to express their predictions about the future of AI either through drawing a picture or writing 
a story. The forms prepared by the researcher underwent scrutiny by two field experts: one specializing 
in measurement and evaluation and the other in linguistics. Following this review, the forms were 
refined and finalized based on the feedback provided by the experts. 
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2.4. Data analysis 

The data for this study were collected using the document analysis method. Document analysis is a 
qualitative research method that involves the systematic examination and interpretation of existing 
documents (Bowen, 2009). The data collected through the "AI Perception Interview Form" and the "AI 
Foresight Assessment Form" which were used to determine prospective teachers’ views on AI, were 
analyzed using the descriptive analysis and content analysis methods (Figure 1).  

The data obtained with the “AI Perception Interview Form” was analyzed with the descriptive analysis 
method. Descriptive analysis, a qualitative data analysis type, involves summarizing and interpreting 
the data obtained through various data collection techniques according to predetermined themes. The 
data collected with "AI Foresight Assessment Form" was analyzed using the content analysis method. 
Content analysis is a research technique for making replicable and valid inferences from data to their 
context. It involves systematic coding and categorizing of data to identify patterns, themes, and 
meanings. The primary purpose of this type of analysis is to present the findings to the reader in a 
summarized and interpreted form (Yıldırım & Şimşek, 2011). In descriptive analysis, a data analysis 
framework is established either based on the research problems or the conceptual framework of the 
study. This framework outlines how the data will be structured and presented. Subsequently, the 
acquired data are organized, and the findings are delineated. In the final stage, the findings are 
elucidated, linked, and given significance (Büyüköztürk et al., 2014). In this study, the data collected 
from prospective teachers were analyzed in alignment with the study's objectives and research 
questions. In order to increase the comprehensibility of the data obtained with the descriptive analysis 
method, examples from student responses were included in the findings section. The findings obtained 
within the framework of these examples are presented by establishing and interpreting relationships 
with studies on similar topics. 
 

Figure 1 
 

Process of Data Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AI Perception Interview 
Form

(Descriptive Analysis)

Data Organisation

Data Analysis

Coding

Frequency 
Distribution

Theme Identification

AI Future Foresight 
Determination Form
(Content Analysis)

Data Organisation

Data Anlysis

Coding

Theme and Subtheme, 
Identficiation, 
Relationship, 

Determination, 
Importance, Ranking



Sakarya University Journal of Education, 14(Special Issue) 2024, 194-212 
 

200 
 

2.5. Validity and reliability 

To ensure the validity of the study, various methods were employed, including researcher 
diversification, maintaining a prolonged study duration, and soliciting input from three experts both 
during the development of data collection tools and the analysis phase. Additionally, detailed 
descriptions and purposive sampling were implemented to enhance the external validity 
(transferability) of the study findings. Accordingly, documents were analyzed without alteration during 
the data collection phase, and academic literature pertaining to the study topic was thoroughly 
examined. The data derived from these analyses were comprehensively described to promote external 
validity and consistency of the study (Yıldırım & Şimşek, 2011). 

Expert opinions were sought from two researchers to assess the reliability of the categories and 
subcategories developed throughout the study. Subsequently, the codes and themes were cross-
referenced with the categories independently generated by two researchers through a separate content 
analysis. The comparative reliability of the coders was calculated using Miles and Huberman's (1994) 
formula [Consensus / (Consensus + Dissensus) x 100], resulting in a reliability score of 90.3%. It is worth 
noting that a reliability score exceeding 70% is generally deemed satisfactory for research purposes 
(Miles & Huberman, 1994). 

3. Findings 

For the first sub-objective of the study, which focuses on "What are the sources of information that 
prospective teachers used in order to acquire information regarding AI?" the responses provided by the 
prospective teachers are presented in Table 1. In this analysis, the suitability of features was promptly 
observed by prospective teachers due to the diversity of sources noted in the total number of responses. 

Table 1 

Distribution of Information Sources Used by Prospective Teachers on AI 

Information Resources f 

Social Media 

Web/News Web Sites 

AI Applications 

Research Article 

Books 

Friends 

Training Programs on AI 

YouTube 

Movies/Series 

Magazines 

Chatbots 

Secondary Schools 

Television 

23 

20 

15 

8 

6 

6 

5 

5 

4 

3 

2 

1 

1 

Total 93 
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When the data in Table 1 regarding the sources of information used by prospective teachers regarding 
AI are examined, it is seen that 23 prospective teachers mentioned social media, 20 prospective teachers 
mentioned internet/news sites, and 15 prospective teachers mentioned AI applications. In addition, 
prospective teachers' sources of information about AI include books, friends, and training programs on 
AI. 

Within the scope of the second sub-objective of the study, "What are the prospective teachers' 
definitions/explanations regarding AI?" Regarding the study question, prospective teachers define AI as 
having computer systems perform the activities that human intelligence can perform, enabling 
machines to perform features such as acquiring information, thinking and perceiving with high 
performance, computers performing problem-solving tasks, simulation of programmed human 
intelligence, systems that imitate human intelligence, and the ability to perform tasks such as obtaining 
information, thinking and perceiving with high performance. A set of systems that try to give the 
appropriate answer, programs that enable the work, tasks and activities of the information loaded into 
the machines to be carried out quickly, the development of coded systems with machine learning, 
programmed algorithm technology to display human-like thinking abilities, stimulating learning and 
creativity abilities in the computer environment, people. It has been determined that digital intelligence 
is defined as the computer's ability to perform tasks such as learning, problem-solving, language 
understanding, image recognition, and decision-making. Regarding their definition of AI, P-25 stated 
that "AI is a field of technology and science that conducts research to transfer the activities that human 
intelligence can perform to computer systems." P-24 defined it as "the ability of machines to perform 
features of natural intelligence such as acquiring information, thinking and perceiving with a high 
performance." P-6 “A computer or robot learns like a human and performs tasks such as problem-solving”, 
P-8 “AI is the simulation of human intelligence programmed to think, respond and learn like humans.”, P-
63 “AI is the simplest way to perform certain tasks.” "AI is a set of systems that give the most appropriate 
response to the inputs given and try to update themselves with the information they collect and give better 
results", P-46 "They are systems that imitate human intelligence to fulfill their needs and improve 
themselves by repeating the information they collect." Programs that enable the information loaded into 
machines to perform various jobs, tasks, and activities more quickly and practically, P-60 "AI coded systems 
gradually develop with machine learning and become AI", P-53 "AI performs certain tasks." "A technology 
that includes programmed algorithms to bring intelligence or display human-like thinking abilities", P-62 
"AI is the imitation of natural intelligence as computers or devices with similar processing power and 
reviving the learning and creativity abilities of humans in a computer environment", P-10 They defined it 
as "AI is digital intelligence designed by humans", and P-45 is "AI simulates human-like intelligence 
features such as learning, problem solving, perception, understanding, language comprehension, and 
decision making." 

Regarding the third sub-objective of the study, "What are the thoughts of prospective teachers about the 
development of AI in the future?" The answers prospective teachers gave to the study question are 
shown in Table 2. 
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Table 2  

Distribution of Prospective Teachers' Responses Regarding the Areas Where AI Can Develop 

Development 
Area of AI 

f Development 
Area of AI 

f Development 
Area of AI 

 f
  

Healthy system 25 Library 
Services 

2 R&D Studies 1 

Education 24 Technology 2 Energy 1 
Accounting and 
Finance 

7 Software 2 Automation 1 

Visual Arts 6 Mathematics 2 Cyber Safety 1 
Automotive 5 Law 2 Informatics 1 
Language 
Learning and 
Translation 

5 Robotics 2 Engineering 1 

Defense 
Industry 

5 Psychology 2 Communication 1 

Agriculture 4 Games 1 Business 
Administration 

1 

Production 4 Trading 1 Risk Assessment 
and Prevention 

1 

Transportation 
and Logistics 

4 Service 1   

Security 3 Counseling 1   
Total     119 

 
According to Table 2, prospective teachers who participated in the study, listed health comes first when 
it comes to areas where AI can develop. Followed by education, accounting and finance, visual arts, and 
automotive. 

Regarding the fourth sub-objective of the study, "What are prospective teachers’ thoughts about the use 
of AI in education?" The answers given by the prospective teachers to the study question are shown in 
Table 3. 
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Table 3 

Distribution of AI-Supported Applications That Can Be Used in Education According to Prospective Teachers 

Education Application f Education Application f Education Application f 
Determining students' 
mental states 

5 Learning with fun 1 Recording information 
provided by the teacher 

1 

Identifying the student's 
level and providing 
personalized content 

4 Learning with VR glasses 1 Robot assistant 1 

Reinforcing the 
information learned 

4 Developing activities based 
on curricula 

1 Interactive book 1 

Identifying missing 
learning 

2 Determining readiness and 
preliminary information 

1 Applications for special 
children 

1 

Evaluation of learning 2 Application integrated into 
the curriculum 

1 Moral and ethical values 1 

Survey-oriented 
application 

2 Preparing activities 
according to students' 
learning styles 

1 Create animation 1 

Language development 2 Preparing a personal plan 1 Trial exam performance 
evaluation 

1 

Designing games that suit 
the student's interests 

2 University voice assistant 1 Smart Assistant 1 

Personalized progress 
tracking 

2 An application for using 
Turkish correctly 

1 AI coach 1 

Hologram application 2 Repository application 1 Games for teaching 
mathematics 

1 

Application for visually 
impaired people 

1 Creating visual and audio 
material 

1 Getting to know the 
student 

1 

Homework app 1 AI applications that students 
can develop 

1 Consistency between 
exams 

1 

AI assistant (introducing 
human organs) 

1 An application that 
recognizes the student 

1 Resolving meaning 
difficulties 

1 

Determining the teaching 
method according to the 
subject 

1 Recycling Applications 1 Emotion Teaching 1 

Visualization of novels 
and stories 

1 Tablet notebook 1 Virtual school 1 

Language learning 
application 

1 Turkish teaching 1   

Total     64 
 
According to Table 3, prospective teachers identified several primary applications for AI in education. 
These include determining students' mental states, assessing students' proficiency levels, and delivering 
personalized content. Additionally, teachers highlighted the importance of AI in reinforcing learned 
information and identifying gaps in learning. 

Within the scope of the study, prospective teachers were asked to reflect on their predictions about what 
AI might be like in the future by writing a fictional story or drawing. The data evaluated separately as 
stories and pictures are given in Table 4. 
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Table 4 

Predictions and Distributions of Prospective Teachers Regarding the Future of AI 

Story/Picture Utopian Dystopian Total 

Story 

Picture 

Story and Picture 

34 

9 

5 

18 

3 

1 

52 

12 

6 

Total 48 22 70 

 

According to the data obtained from Table 4, the participation level of prospective teachers regarding 
the future of AI is as follows: 52 participants wrote stories, 12 participants drew pictures, and 6 
participants did both. The participants who wrote stories, submitted 34 utopian and 18 dystopian 
fiction, while among those who drew pictures, 9 focused on utopian and 3 dystopian objects. The ones 
who both write stories and draw pictures, submitted 5 utopian and 1 dystopian works. According to the 
data obtained within the scope of the study, a total of 70 data, 48 utopian and 22 dystopian, were 
determined. The analysis revealed that the prospective teachers who participated in the study tended 
to articulate more utopian narratives concerning the future of AI than dystopian ones. 

P-3, one of the prospective teachers said the following about the future of AI “Canan opened her eyes, 
took the chip plugged into the charger and placed it on her shoulder. He had been sick for the last two days, 
he checked the ideal menu from the phone application connected to the chip on his shoulder to find out 
what he should eat for dinner. He created the menu he wanted and headed to the kitchen. When he looked 
at the timer on the counter and saw how many minutes were left until the robot prepared the meal, he 
headed to the bedroom to put on his clothes. "The phone application that reviewed the weather forecasts 
listed clothing combinations suitable for the weather." P-7 wrote the following short story: “I am lacking 
energy today. So, he took energy pills. These pills help balance your hormones,give you energy and boost 
your mood  I am too lazy to make decisions, so I asked Robotgpt, which records everything, ‘’What should I 
do today?’’ Robotgpt gave me a few tasks. I wore my virtual suit and I simulated these tasks. Then I wanted 
to try the playroom I just bought to play games. "It is a room that Helps you experience everything in the 
game,including the  smell of the virtual reality environment." He wrote a story about the future use of AI 
in daily life. P-14 “I woke up today with Hüsnü yelling at me. He was quite angry that it took me time to 
wake up. She tidied up the house and prepared my breakfast according to the amount of food I needed for 
the day and my body's needs. For no reason, I named the technology that controls all electrical appliances 
in our home as Hüsnü. I told him to wake up earlier than usual today because we were going to take a short 
tour in Spain with my friend. Since Hüsnü took care of the travel procedures, all I had to do was teleport to 
Spain. Since it is enjoyable to do this on Earth, I look forward to the days when I can teleport to nearby 
planets.” He wrote the followind story. P-23 “I woke up early in the morning. Today was my first day on 
Venus. Actually, I have lived on many planets before, such as Saturn and Uranus, but I liked this place more. 
This place is a little farther from the planet Betelgeuse, where I worked. Helps you experience everything 
in the game, including the smell of the virtual reality environment. My job at a large company is to ensure 
that AI and societies can be logically placed on planets.” They wrote utopian stories about the future of 
AI.  

P-37, one of the participants who wrote a dystopian story about the future of AI, said: "2124 gives the 
impression of a year in which drones are not just observation tools, but the smallest thing we touch can 
turn into any weapon. The last efforts of humanity to protect the most natural elements of the world are 
related to both protecting nature and each other." "Humanity is probably facing its greatest struggles when 
working with robots." He wrote the following story: P-38 “Life flashed before my eyes: 'Critical adrenaline 
level, please contact the nearest health center.' While I was experiencing of all these, I heard a familiar 
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voice. Ambulance siren. After a while, a small vehicle approached me. I did not have time to react and found 
myself lying down again. It got dark outside; I was being carried on a stretcher. My vision was going and 
coming and I could not understand the situation. Then, I heard a loud voice: "Subject RT-2124, test-8 failed 
as a result of future simulation." P-45 “The people on the streets had different devices inserted in their 
heads and everyone was acting like they were connected to a machine and receiving commands from a 
command centre. Meteors were now passing through the sky and not occupying the ground. It was as if 
humans and robots had changed places, while the humans were emotionless and soulless, the robots were 
laughing, having fun, getting tired and sleeping.” They wrote dystopian stories about the future of AI. 

The prospective teachers who participated in the study tried to predict the future of AI with both utopian 
and dystopian pictures. These pictures and stories have been analyzed and categorized by researchers 
and domain experts. The pictures drawn by the participants are included in the appendix of the study 
(Appendix-1). The picture drawn by P-54, one of the prospective teachers tried to reflect that there will 
be an artificial eye monitoring the living environment, the concept of peace will gain importance The air 
will be dirty. The picture drawn by P-55, Shows AI-powered robots causing trouble. As a utopian picture, 
P-56 tried to reflect the new generation’s education system with AI. In the picture, he predicted that 
hologram conservation would achieve teacher-student interaction. P-58 also drawn a picture that 
corresponds to the fact that many of his daily needs can be met with the help of AI in the future. P-60 
tried to reflect his predictions of AI by using objects such as holograms, drone cargo distributors, people 
living in the virtual world, flying high-speed trains, robot police, and personal flight devices. 

4. Discussion, Conclusion, and Recommendations 

According to results of the study conducted to examine prospective teachers' opinions and predictions 
about AI, it was determined that social media was their primary source of information from which 
prospective teachers obtained their information about AI. In addition to social media, internet/news 
sites, AI applications, and articles are among the sources used by prospective teachers to obtain 
information about AI. These results suggest that AI has become an indispensable part of life today and 
that societies are open to change and transformation. AI applications, which have developed rapidly in 
the last century, manifest themselves in every aspect of people's daily lives. For example, the spread of 
AI applications in areas such as phones, online shopping systems, navigation, and online banking 
transactions enables daily life to be transferred to virtual media. This indicates that AI likely changes 
individuals' lifestyles, ways of thinking, and perceiving (Özgeldi, 2019). In this context, it seems that 
social media platforms, especially channels such as Instagram, Twitter, and Facebook, are based on AI 
and play a decisive role in transferring daily life to virtual media. Therefore, the impact of AI is not only 
limited to technological infrastructure but also profoundly affects people's social interactions and daily 
lives. Data suggest that AI’s importance and impact will gradually increase and will be used more in daily 
life (Altun, 2019). 

As a result of the analysis regarding the second sub-objective of the study, it was found that prospective 
teachers were interested in AI, outsourcing the activities that human intelligence can perform to 
computer systems, enabling machines to perform features such as acquiring information, thinking, and 
perceiving with high performance, computers performing problem-solving tasks, simulation of 
programmed human intelligence, systems that imitate human intelligence, a whole of systems that try 
to give the most appropriate response to given inputs, and machines. Programs that enable the uploaded 
information to carry out work, tasks, and activities quickly, development of coded systems with machine 
learning, algorithm technology programmed to display human-like thinking abilities, revitalization of 
learning and creativity abilities in the computer environment, digital intelligence designed by humans, 
and computer learning. It was determined that they define/explain the ability to perform tasks such as 
problem-solving, language understanding, image recognition, and decision making. Prospective 
teachers mainly focused on uploading human intelligence to computer systems, machines gaining 
human-like abilities, and the self-learning feature of AI. 
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In this context, a relationship is observed between the "learnable" aspect of AI emphasized by Luckin 
(2017) and the conceptual approaches of prospective teachers. In addition, Aydin's (2017) definition of 
AI as a field of study that imitates human intelligence and develops products in various fields supports 
the perspective of prospective teachers. Similarly, the ability of AI technologies to imitate the intelligent 
behavior of creatures in nature and the ability of artificial neural networks to produce innovative 
solutions by learning from existing data reflect the evolutionary and advanced technological dimensions 
of prospective teachers' perceptions of AI. In this context, the study results shed essential light on 
prospective teachers' knowledge and perceptions about AI. It is also stated that AI can imitate intelligent 
behaviors in nature, and artificial neural networks can produce new solutions by learning from existing 
data (Aydın, 2017; Balaban & Kartal, 2015; Atasoy, 2012; Yılmaz, 2012). The study results show that 
prospective teachers' conceptual frameworks regarding AI have developed in line with the technology’s 
current potential and the literature’s definitions. 

When prospective teachers’ opinions about AI are examined in line with the third sub-objective of the 
study, it seems that AI is expected to affect the developments in the field of health primarily and also be 
effective in fields such as education, accounting, finance, and visual arts. When these opinions are 
evaluated according to the literature findings, various AI technologies are presented in different sectors, 
as stated by Cibaroğlu and Yalçınkaya (2019). However, it is noted that AI technologies in higher 
education are not extensively adopted, particularly in the realms of education and health services 
(Bughin et al., 2017). At this point, prospective teachers advocate for further use of AI, especially in 
education, because of their accurate analysis of the needs in their profession and their understanding of 
the importance of these technologies to increase the quality of education. As emphasized by Tekgüç and 
Adalıer (2019), teachers should use AI technologies to structure appropriate learning processes by 
analyzing the individual needs of students. In this context, prospective teachers' perceptions of AI 
highlight its potential for use in education and offer an essential perspective on changes in future 
education processes. 

When prospective teachers' opinions about AI are examined within the scope of the fourth sub-objective 
of the study, it is stated that AI has a vast potential for use in education. It is suggested that AI 
technologies could be used primarily to determine the student's level, provide personalized content, 
determine mental states, and detect missing knowledge. In addition, prospective teachers emphasize 
that AI can be used effectively in teaching lessons, carrying out in-class applications, evaluating students 
individually, and eliminating their deficiencies. These views are also supported in the literature. For 
example, Sheikh (2020) suggests that AI can be applied in teaching to improve flexible and 
individualized learning. Similarly, Nabiyev and Erümit (2020) emphasized that AI technologies can be 
used in education as teacher assistants, ensure the evaluation of information, and offer personalized 
learning systems. In this context, it is suggested that learning platforms supported by AI technologies 
can be an effective tool for students to have individual learning experiences and personalize the learning 
process. In this regard, Elazab's (2023) view that individual information can be provided for each 
student with the help of AI systems and that a personalized learning style can be determined so that 
each student can learn according to his/her ability supports this study result. 

Analyses made within the scope of the fifth sub-objective of the study revealed that prospective teachers 
produced utopia and dystopia content about the future of AI. However, the opinions in the literature 
stating that the concept of utopia should be understood correctly emphasize that utopia is not only the 
imagination of a perfect society but also a design that reflects the ideals and ideology of the individual 
(Ağkaya, 2016). It is suggested that the essence of the utopian idea is shaped by longing for the past and 
hopes for the future and intersects with the inevitability of progress. In this context, it is stated that the 
utopias that emerged in the 20th century are reflections of technological and social developments such 
as digitalization and AI. However, it is suggested that this progress brings with it some fears and 
dystopias emerge (Özsoy, 2018). It is suggested that the concept of dystopia, as the opposite of utopia, 
forms a basis of thought in which the interaction of social structure with technology and intellectual 
designs is discussed with scientific theories. In this context, it can be said that the contents produced by 
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prospective teachers about the future of AI draw attention to the hopes brought by technological 
progress, as well as the potential risks and threats it may bring. 

The data obtained from the study show that prospective teachers produce both utopian and dystopian 
content about the future of AI. In the study, most participants preferred to write stories, and these 
stories primarily focused on utopian content. In particular, some participants describe the potential use 
of AI in daily life in a utopian way. However, a significant amount of dystopian content is also present. 
In addition to the story format, participants also drew pictures about the future of AI. The majority of 
the participants who chose drawing focused on utopian elements regarding the future of AI. In 
particular, some participants reflect on the positive effects of AI on education and daily life. On the other 
hand, the drawings also depict the possible dangers of AI. These results suggest that prospective 
teachers believe that AI will likely affect human life both positively and negatively in the future but the 
positive effects might be more significant. 

The content diversity produced by the prospective teachers participating in the study about the future 
of AI is remarkable. The higher amount of utopian contents shows that participants generally view AI in 
a positive light. Nevertheless, there was also a significant amount of dystopian narratives, indicating that 
prospective teachers are cognizant of the potential risks associated with AI. This diversity of 
perspectives aligns with the findings of Ağkaya (2016), which emphasize the importance of considering 
various viewpoints in discussions concerning the future of AI. 

This study was conducted to determine prospective teachers' views on the present and future role of AI 
(Al-Matari, 2023; Elazab, 2023; Göksel & Bozkurt, 2019; Özkaynak, 2020) and emphasizes the 
increasing importance of AI in education. The most direct result of the application of AI in education is 
the emergence of an intelligent teaching system. This system forms the basis of computer-assisted 
teaching and reveals an open human-computer interaction system. In addition, since it is student-
centered and computer-based, it supports thinking processes with computer simulations. The field of 
AI applications in education, now called intelligence teaching systems, is gradually expanding. In this 
context, prospective teachers' perceptions of AI and its future role are essential in transforming 
education systems. For this reason, understanding the relationship between AI and education is 
considered an important issue that should be considered in the preparation process of prospective 
teachers and the design of educational programs. 

The study reveals that prospective teachers mainly learn about AI from digital platforms such as social 
media. This shows that the role of AI in every aspect of daily life is increasing and that societies are open 
to change and transformation. When examining the opinions of prospective teachers regarding AI, their 
attention is primarily directed towards the potential and impacts of AI. 

Based on the results of the research, the following recommendations can be made: Studies examining 
the practical applications of AI technologies in education are of great importance. In particular, more 
research should be conducted on AI-supported teaching methods, personalized learning experiences, 
and student assessment systems. Such studies can reveal how to optimize teaching processes by 
enhancing the effectiveness and efficiency of educational technologies. Additionally, long-term studies 
should be conducted to understand the effects of AI on education. Such studies can help evaluate the 
long-term impacts of AI on student achievement, the role of teachers, and educational processes. Finally, 
studies examining the ethical and social impacts of using AI in education should be increased. This can 
help us better understand the effects of AI on issues of fairness, equality, and privacy in education and 
provide guidance for the ethical use of AI technologies. 
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1. Introduction 

 

Numerous methods, techniques, and strategies are used to improve the quality of learning and teaching 

processes. Tasks, which are fundamental elements in achieving this goal, enable students to actively 

achieve the objectives both mentally and physically while performing mathematical tasks and additional 

activities either individually or in groups under teacher supervision (Nayir & Bulut, 2022). Tasks are 

designed, selected, or organized according to needs and aligned with learning objectives. The 

appropriate use of tasks in teaching processes holds significant importance. The tasks may aim to teach, 

reinforce, or evaluate a concept (Dede, Doğan, & Aslan-Tutak, 2021). Two perspectives on task use in 

mathematics education are notable. The concept of task involves problem-solving or activity processes 

related to a concept or subject that has been taught (Van de Walle et al., 2019), whereas the concept of 

activity focuses on making students active participants in learning a subject or concept (Dede, Doğan, & 

Tutak, 2020). From this perspective, tasks provide opportunities for students to develop skills such as 

reasoning and modeling in learning and teaching environments (Stein, Grover, & Henningsen, 1996).  

Tasks inherently involve activity (Doyle, 1983); they not only enhance interaction, cooperation, and 

problem-solving skills (Atara et al., 2000) but also positively affect the retention and effectiveness of 

teaching (Lugosi & Urobi, 2022). Understanding the extent to which tasks engage students cognitively 

is crucial for managing teaching processes effectively and refining the scope of the tasks. Hence, 

determining the cognitive demand levels of the tasks is essential (Engin, 2015). The cognitive demand 

level was defined by Stein et al. (2000) as “the type and level of thinking required for students to 

successfully deal with and solve the task.”.   According to this framework, tasks are classified into four 

cognitive demand levels: “memorization tasks,” “procedures without connection tasks,” “procedures 
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demand levels. In the study, a case study design was utilized to examine the cognitive demand 

levels of the tasks created by ChatGPT 3.5 and ChatGPT 4, to determine the functionality of the 

activities, and to determine the deficiencies, if any, and how they can be eliminated. Content 

analysis was used to analyze the data obtained. It was concluded that the tasks created can be 

used by making necessary improvements, if any; thus, teachers can enrich their course content 

by saving time and energy. In this context, it is recommended to carry out tasks that will 

encourage the use of artificial intelligence tools by teachers in the world of education. 

Keywords: Mathematical task, activity, cognitive demand level, ratio, chatgpt 

 

Received: 01.02.2024  

Accepted: 01.07.2024  

Available Online: 24.07.2024 

 

Merve Koçyiğit Gürbüz1*  
Kübra Alan2  
Bahadır Yıldız2  
 
1 Ankara Provincial Directorate of 
National Education, Ankara, Türkiye, 
mervekocyigitgurbuz@gmail.com 
 
2 Hacettepe University, İstanbul, 
Türkiye, kubraalan37@gmail.com, 
bahadir@bahadiryildiz.net 
 
 
*Corresponding author 

 

https://orcid.org/0000-0002-3604-1133
https://orcid.org/0000-0002-2586-3350
https://orcid.org/0000-0003-4816-3071


Sakarya University Journal of Education, 14(Special Issue) 2024, 213-227 

 

214 
 

with connection tasks,” and “doing mathematics tasks.” These levels are referred to as “cognitive 

demand levels.” Studies suggest that cognitive demand levels can decrease or increase during the 

preparation and implementation of tasks in the classroom (Engin, 2015; Henningsen & Stein, 1997; 

Sarpkaya, 2011; Stein et al. 1996). Appropriate cognitive demand levels need to be maintained during 

task preparation and implementation (Henningsen & Stein, 1997). Tasks should ideally involve higher-

order cognitive thinking strategies to deepen students’ understanding of mathematical relationships 

and concepts (Stein et al., 2000). Therefore, tasks should be designed to maximize cognitive demands 

during preparation and implementation (Ecemiş, 2017; Ubuz et al., 2010).  

Mathematical tasks typically serve three purposes: “teaching a concept,” “reinforcing a concept,” and 

“evaluating the learning of a concept” (Pekkan & Esmer, 2021). Designing mathematical tasks is pivotal 

in terms of process planning and operational paradigm. This involves analyzing and designing the 

objectives, determining the task design purposes, evaluating student knowledge, selecting relevant 

examples, drafting instructions, assessing tasks, and planning task implementation (Yeşildere, 2022).  

Given the multifaceted nature of task preparation, leveraging tools that streamline this intricate and 

time-consuming process is essential.  

Artificial intelligence technologies are instrumental in various demanding tasks such as coding, design 

of plans for content marketing, test creation, and data analysis. They are also employed in specialized 

domains such as disease diagnosis and case file preparation. They are being used in many fields from 

health to engineering, and from industry to marketing (Korucu & Biçer, 2020). These technologies are 

increasingly integrated into education, enhancing effectiveness and efficiency through capabilities such 

as generating exam questions, drafting education texts, providing detailed explanations, analyzing exam 

results, and employing diverse teaching techniques (Arslan, 2020). New concepts and professional 

groups have emerged with the development of artificial intelligence. Prompt engineering, a burgeoning 

discipline within artificial intelligence, focuses on optimizing instructions to ensure that artificial 

intelligence models provide appropriate responses (Breuss, 2023). 

Artificial intelligence technologies, including chatbots such as ChatGPT, play a pivotal role in education 

by supporting student learning and alleviating teacher burdens in tasks such as question creation, 

content selection, and lesson planning (Pressey, 1950). The use of artificial intelligence technologies, 

such as personalized education, chatbots, intelligent agents, and artificial intelligence–supported 

assessment systems (Arslan, 2020), provides opportunities to improve the teaching processes such as 

personalized student learning and rapid response to diverse inquiries during lessons. Developed by 

OpenAI, ChatGPT is a dialogue-specialized artificial intelligence chatbot prototype (Kelly, 2022). The 

prompts presented as input to the system determine the scope of the output (Breuss, 2023). In other 

words, providing the input most appropriately for the desired output ensures that the resulting output 

is aligned with the intended goal. 

Initially released as ChatGPT 3 in November 2022 (Edwards, 2023), ChatGPT 3.5 has since evolved with 

updated settings using supervised and reinforcement learning. The most recent OpenAI iteration is 

ChatGPT 4 (Terrasi, 2023). ChatGPT 3.5 is a freely available language model that uses deep learning to 

generate content similar to human-written text that can answer many questions (Scharth, 2022). It can 

also perform complex operations such as writing lyrics, writing poetry, and coding (Scharth, 2022). In 

comparison, ChatGPT 4 surpasses its predecessor, ChatGPT 3.5, by handling more complex inputs, 

including text, images, and videos, while delivering faster, more secure, and content-relevant responses 

(OpenAI 2023b). ChatGPT provides users with various responses aligned with their queries, enabling 

students to expand the scope of questions or explore different frameworks for answers. ChatGPT aids 

teachers in content creation, lesson planning, question formulation, evaluation processes, and task 
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design. Therefore, teachers can leverage artificial intelligence technologies to save time, enhance energy 

efficiency, and improve educational outcomes.  

Creating tasks for classroom use is often challenging and time-intensive for teachers. To alleviate these 

challenges, the researchers prepared mathematical tasks using ChatGPT, one of the artificial intelligence 

tools, and examined their cognitive demand levels. 

1.1 Aim of the Study 

This study aimed to evaluate the tasks prepared by ChatGPT 3.5 and ChatGPT 4 for the Grade 7 ratio 

concept within the framework of cognitive demand levels. In line with this purpose, the study sought to 

answer the following questions: 

1. How compatible are the tasks prepared by ChatGPT 3.5 and  ChatGPT 4 with the given objective? 

2. How suitable are these tasks for the given age group/grade level? 

3. Do the tasks differ according to cognitive demand levels?  

Additionally, the study aimed to identify the advantages and disadvantages of ChatGPT 3.5 and ChatGPT 

4 versions in creating tasks. 

2. Method 

This was a qualitatively designed case study. A case study is a systematic design including steps such as 

collecting information, organizing the collected information, interpreting it, and reaching research 

findings. Its aim is to provide the best understanding of a situation rather than generalization (Denzin 

& Lincoln, 1994; Merriam, 1988). What distinguishes this method from many other research methods 

is its preference for understanding various topics in education, especially when questions of what, how, 

and why are asked (Çepni, 2012; Yin, 2003). This study used a case study design to examine the cognitive 

demand levels of the tasks created by ChatGPT 3.5 and ChatGPT 4, determine the functionality of the 

tasks, and identify the deficiencies and ways to address them.  

2.1 Data collection 

This study created tasks for the following objectives using two different versions of ChatGPT (3.5 and 

4). 

The relevant objectives from the Grade 7 curriculum related to the concept of ratio were as follows: 

M.7.1.4.1 Determine the value the other will take if one of the multiplicities in the ratio is 1.  

M.7.1.4.2. Find the other when one of the two multiplicities and the ratio between the multiplicities 

are provided.  

Three different types of tasks were created: introduction, reinforcement, and evaluation. The prompts 

directed to ChatGPT during the task creation process were as follows: 

1. What does the statement “Determine the value that one of the multiplicities in the ratio will take if 

one of them is 1” mean? Can you explain it with examples and an introduction and reminder task? 

2. “Given one of two multiplicities in ratio to each other, find the other.” This objective belongs to the 

Grade 7 mathematics course. Can you think like a math teacher and prepare a deepening task 

related to this objective? 

3. “Find the other when given one of two multiplicities their ratio to each other.” This objective 

belongs to the Grade 7 mathematics lesson. Now, can you think like a math teacher and prepare an 

assessment task related to this objective that we can use at the end of the lesson? 

Each question was directed to both ChatGPT 3.5 and ChatGPT 4, resulting in six different tasks. 
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2.2 Data analysis 
 

The content analysis method was used in this study. This involved bringing together similar data within 

the framework of certain concepts and themes and organizing and interpreting them in a way that is 

understandable to the reader (Creswell, 2012).  

For the coding during the content analysis, the levels in the Task Analysis Guide (Stein et al., 2000) were 

used, as the Guide was deemed appropriate for the research purpose. The Guide was developed in line 

with a research project called QUASAR, conducted between 1990 and 1995. It was prepared to 

determine the cognitive demand level of hundreds of mathematical tasks found in the mathematics 

textbooks of the schools involved in the project and implemented in classrooms. The framework for 

coding the tasks according to cognitive demand levels, based on the Guide (Stein et al., 2000, p. 16, trans., 

Reçber, 2012), is presented in Table 1. The Guide contains a list of cognitive demand characteristics at 

each level and is used as a rating tool applicable to any mathematical task (Smith & Stein, 1998). 
 

Table 1 
 

Cognitive Demand Levels of Tasks Based on the Task Analysis Guide 
 

 

 

 

 

 

 

Memorization Tasks 

(LLD-M) 

 

 

 

 

 

 

 

Procedures Without Connection 

(LLD-PC) 

 

LOW-LEVEL DEMANDS (LLD) 
 

The use of previously learned or given information, rules, or formulas 

involves remembering definitions. These tasks cannot be solved using a 

method because either no method exists to apply or the time interval is too 

short to apply a method. No ambiguity is involved. Such tasks are 

straightforward repetitions of previously learned material. The 

information to be repeated is clear and unambiguous. No association of the 

information, rules, formulas, or definitions with their underlying concepts 

and meanings is observed. 
 

These tasks are algorithmic. The method to be used is explicitly requested 

or is evident from prior instruction or the context of the task. The cognitive 

demand for successful completion is limited. A little uncertainty exists 

regarding what to do and how to do it.  

No association with the underlying concept and meaning of the method 

used is observed. The focus is on producing correct answers rather than 

developing mathematical understanding. These tasks do not require an 

explanation or only require an explanation of the procedure.  
 

 

 

 

 

 

 

Procedures with Connection                          

           (HLD-PWC) 

 

 

 

 

 

 

HIGH-LEVEL DEMANDS (HLD) 
 

These tasks focus students' attention on the method to foster a deep 

understanding of mathematical concepts and ideas. They implicitly or 

explicitly suggest the application of general methods closely related to the 

underlying conceptual ideas. Often, these tasks present multiple 

representations, such as visual diagrams, dexterous situations, symbols, 

and problem situations. Making connections between multiple 

representations helps improve understanding. These tasks require a 

certain level of cognitive effort. Although general methods are followed, 

these tasks cannot be completed without a thinking process. Students need 

to engage with the conceptual ideas underlying the methods to be able to 

complete and understand the task.  
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Doing Mathematics Tasks 

            (HLD-DM) 

 

 

These tasks require complex and non-algorithmic thinking, implying no 

clearly stated, repeated, predictable, or suggested approach in the task, its 

instructions, or examples. Students must explore and understand the 

nature of mathematical concepts, operations, and relationships. They need 

to observe and organize their own cognitive processes, access relevant 

knowledge and experiences, and use them appropriately in their work. 

Students must analyze the task, evaluate possible solution strategies, and 

consider the limitations of those solutions. Completing these tasks 

requires significant cognitive effort, and students may experience some 

anxiety due to the unpredictable nature of the solution process.  

Source: Stein et al. (2000, p. 16). 

Four levels of cognitive demands are defined in the Efficiency Analysis Guide, and their corresponding 

codes are presented in Table 2. 

Table 2 

Codes Used for Cognitive Demand Levels of Tasks 

Level of cognitive demands Abbreviation 

LOW-LEVEL DEMANDS – Memorization Tasks    LLD-M 

LOW-LEVEL DEMANDS – Procedures Without Connection    LLD-PC 

LOW-LEVEL DEMANDS – Procedures with Connection    HLD-PWC 

LOW-LEVEL DEMANDS – Doing Mathematics Tasks    HLD-DM 

 

To enhance coding reliability, the first researcher coded the data initially, followed by an independent 

coding and comparison by the second researcher. Then, the coders discussed any discrepancies in the 

levels and reached a consensus on the common levels. 

3. Findings 

In this section, the findings from the analyzed data are examined within the framework of the questions 

posed to ChatGPT and then interpreted in relation to the research problems. 

3.1 Question 1 

QUESTION 1: What does the statement “Determine the value that the other will take if one of the 

multiplicities in the ratio is 1” mean? Can you explain it with examples and an introductory and recall task? 

3.1.1 ChatGPT 3.5 

The statement "Determine the value of one of the multiplicities in the ratio when one of them is 1" 

indicates that when one component of a ratio is set to 1, the corresponding value of the other component 

can be determined proportionally. This objective aims to gain a deeper understanding of the concept of 

ratio. 

Introductory task: To introduce the lesson, the teacher can assign students a task where they calculate 

the ratios of different objects or scenarios. For example, students may be asked to determine the ratio 

of red balls to blue balls when 6 red and 12 blue balls are present in a box. This task helps students grasp 

how to determine the value of one component of a ratio when the other is set to 1. 

Recall task: Following the lesson, the teacher should present students with various ratios and prompt 

them to explain which component’s value is determined when one part is set to 1. Encouraging 

classroom discussion allows students to revisit the fundamental principles of proportion. Providing a 
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platform for students to exchange ideas helps them develop a deeper understanding of the concept of 

ratio. 

3.1.2 ChatGPT 4 

This objective involves understanding the characteristics of ratios and predicting the value of one part 

when the other is 1 in ratios. 

3.1.2.1 Introductory Task: “Let’s Make Pizza Together” 

1. Before starting the lesson, students engage in a pizza-making task. Each student receives materials, 

such as cardboard pizza bases, glue, scissors, and colored paper. 

2. Students are instructed to determine the amount of ingredients needed to make a pizza slice. For 

example, they can decide to use two sheets of green paper, one sheet of red paper, and one sheet of … 

… brown paper for each pizza slice. 3. Students calculate and record these ingredient proportions in a 

table.  
 

3.1.2.2 Recall Task: “Pizza Slices on Sale!” 
 

1. In the next class, students learn that each pizza slice sells for 2 dollars. 

2. Students are asked to determine the cost of one slice of pizza based on the ratio and predict the cost 

if it were 1. They record their findings in a table. 

Table 3 

Cognitive Demand Levels of Introductory/Recall Tasks 

 

 

 

 

When the introductory task prepared by ChatGPT 3.5 was analyzed within the framework of cognitive 

demand levels, it was determined to be at the level of LLD-M. This approach was chosen because, after 

presenting the initial situation for students to apply, a new but similar situation was given. Students 

were expected to apply the same approach again, essentially repeating the initial task. This repetition 

aligned with the characteristics of a memorization task.   

The recall task from ChatGPT 3.5 was found to be at the level of HLD-PWC. This task required students 

to use their prior knowledge to explain and discuss the situation through examples, encouraging them 

to establish relationships between events and reason through different scenarios. This aligned with the 

level of connected methods.  
 

Both tasks created by ChatGPT 3.5 for the first question were compatible with the content of the learning 

objective and appropriate for the age group/grade level. They effectively prepared content for student 

comparisons between units and included concrete elements. 
 

For the tasks designed by Chat GPT 4, both the introductory and recall tasks were analyzed according 

to their cognitive demand levels and found to be at the level of HLD-PWC. In both tasks, students were 

expected to recognize the relationships between concepts using their basic knowledge. Creating a table 

with the new information required students to use multiple representations, demanding a certain level 

of cognitive effort. 
 

Task Type Introductory/Recall 

ChatGPT version GPT 3.5                           GPT 4 

Cognitive demand level LLD-M HLD-PWC 
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The scope of both tasks created by ChatGPT 4 for Question 1 was also compatible with the content of 

the learning objective and the age group/grade level. These tasks provided students with the 

opportunity to analyze the relationships between the specified ratios and included examples from daily 

life, enhancing their understanding of the unit. 

3.2 Question 2 

QUESTION 2: “Find the other when given one of two multiplicities given their ratio to each other.” This 

objective belongs to the Grade 7 mathematics lesson. Now, can you think like a math teacher and prepare 

a deepening task related to this objective?  

3.2.1 ChatGPT 3.5 

Of course! Here is a math task that you can prepare to deepen the understanding of the statement “Given 

one of two multiplicities in proportion to each other, find the other.” 

Task Name: Ratio-Based Puzzle 

Target Objective: To develop the ability to determine one in proportion to another given their ratio. 

Task Description: 

1. Divide the class into four equal groups and provide each group with a piece of paper and a pencil. 

2. Assign each group a question that involves determining one of two multiplicities based on a given 

ratio. For example: “There are 24 students in a class. Of these students, 3/4 are girls. How many girls are 

there in the class?” In this question, 3/4 represents the ratio of girls to total students. Students must 

calculate the number of girls based on this ratio. Note: You can also give different questions to other 

groups. In this way, each student will work on a different question, and at the end, they will share their 

answers.  

3. Allow time for each group to solve their respective question using correct proportional reasoning on 

their paper. 

4. Each group presents their solution to the class, explaining how they have arrived at their answer. 

5. One student from each group will write their solution on the board or a large piece of paper and 

explain the process. 

6. Students from other groups can ask questions and discuss their approaches to understanding the 

solution. 

7. Review the correct answers together, addressing any misunderstandings or mistakes. 

8. Conclude by offering additional examples or questions about ratios for further practice. 

This task aims to enhance students’ critical thinking and problem-solving skills about ratios, while also 

fostering collaboration and discussion among peers.  

3.2.2 ChatGPT 4 

Of course! Here is a deepening task to help students master “Find one of the two multiplicities given 

their ratios to each other.” 

Task Name: Ratio Puzzles 

Objective: To enable students to understand the concept of ratios and develop their ability to find one 

of two multiplicities given their ratio to each other. 
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Materials: 

- Paper and pencil 

Event Duration: Approximately 15  min 

Task Stages: 

Step 1: Reminding the Concept of Proportion (5 min) 

In class, have a brief discussion with the students to review the concept of proportion. Review the 

definition of a ratio and demonstrate its use with examples. Ensure students understand the concept of 

ratios. 

Step 2: Ratio Puzzles Questions (10 min) Ask students to take their paper and pencils and solve the ratio 

puzzles. They need to find the other multiple based on the given ratio in each question. You can adjust 

the difficulty level of the questions according to the students’ needs. Here are some sample questions: 

Question 1: In a restaurant, there are nine chairs at a table for six people. If another table has 12 seats, 

how many chairs should be at this table? 

Question 2: Three tablespoons of coffee are used for one cup of coffee. How many cups of coffee can be 

made using nine tablespoons of coffee?  

Table 4 

Cognitive Demand Levels of Deepening Tasks 

 

When the deepening task prepared by ChatGPT 3.5 was examined within the framework of the cognitive 

demand level, the task was found to be at the level of LLD-M. The main purpose of this task was to solve 

the question given in Step 2; in this step, students are expected to reach the answer using only basic 

knowledge rather than establishing a relationship between old knowledge and concepts. In the 

following steps of the task, students are suggested to discuss their answers. However, this discussion 

does not raise the level of the task, as it is more about checking the results rather than a new situation. 

For Question 2, it was determined that the scope of the deepening task created with ChatGPT 3.5 was 

compatible with the content of the learning target and the age group/grade level. The content was 

designed to emphasize that a proportion occurred when two ratios were equal.  

When this task prepared by ChatGPT 4 for the deepening task was analyzed according to the cognitive 

demand levels, it was evaluated as LLD-PC. The information requested by the question was present in 

prior knowledge and did not have any ambiguity. It focused on producing correct answers instead of 

developing a deeper mathematical understanding. However, the process design of the task was quite 

detailed, and it was thought to facilitate the teacher in shaping the lesson plan.  

For Question 2, it was determined that the scope of the deepening task created with ChatGPT 4 was 

compatible with the content of the learning objectives and the age group/grade level, as it allowed the 

students to establish the relationship between two multiplicities and was supported by concrete 

examples. 

Task type Deepening 

ChatGPT version GPT 3.5                           GPT 4 

Cognitive demand level LLD-M LLD-PC 
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3.3 Question 3 

QUESTION 3: “Find the other when given one of the two multiplicities and the ratio between them.” This 

objective belongs to the Grade 7 mathematics lesson. Now, can you think like a math teacher and prepare 

an evaluation task related to this objective for use at the end of the lesson? 

3.3.1 ChatGPT 3.5 

Of course! Here is a math task that you can use to assess the understanding of “Given one of two 

multiplicities and the ratio of the two, find the other.” 

Task Name: Ratio-Finding Questions 

Objective: To evaluate the ability to find one of two multiplicities given the ratio of one to the other.  

Task Description: 

1. Arrange the class for individual work. Provide each student with a piece of paper and a pencil. 

2. Hand out a test or worksheet with ratio-based questions. Sample questions include:  

(a) A store has 120 apples and 80 oranges. What is the ratio of apples to oranges? (b) A basket contains 

36 red, 48 green, and 72 blue balls. What is the ratio of red balls to green balls? (c) A music player 

contains 250 songs. If 3/5 of these songs are rock songs, how many are pop songs? (d) A country has 

500,000 men and 600,000 women. What is the ratio of men to women? 

3. Encourage students to create their own real-life scenarios involving ratios and share these with the 

class. For example, they can discuss ratios related to product prices in a supermarket. 

3.3.2 ChatGPT 4 

Of course! Here is an assessment task for the skill of “Finding one of two multiplicities given their ratios.” 

Task Name: Ratio Investigation 

Objective: To evaluate students’ ability to use ratios to find one of the two multiplicities when the other 

is provided. 

Materials:  

-Paper and pencil 

Event Duration: Approximately 15 min 

Task Stages: 

Step 1: Creating a Series of Questions (10 min) 

Develop a set of questions that test students’ ability to find one of two multiplicities given its ratio to 

another. Sample questions: 

Question 1: A team can clear an area of 9 m in 12 h. Given this ratio, how many meters can the same 

team clear in 15 h? 

Question 2: There are 120 trees in a park. One-third of these trees are fruit trees. How many fruit trees 

are there? 

Step 2: Solving the Questions (5 min) 
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Allow students time to solve the questions you have prepared. Ask them to find the unknown number 

using the given ratio. Have students write their solutions on their papers.  

Table 5 

Cognitive Demand Levels of Evaluation Tasks 

When the evaluation task created by ChatGPT 3.5 was analyzed according to the cognitive demand 

levels, it was found to be at the level of LLD-PC. The question content addressed the information 

available from prior learning, and the method to be applied was clear, causing the task level to remain 

at this level.  In addition, the questions in the task were found to be answer-oriented rather than 

directing students toward higher-level thinking skills. 

For Question 3, it was determined that the scope of the evaluation task created with ChatGPT 3.5 was 

compatible with the content of the learning target and the age group/grade level, as it established 

proportional relationships and included relevant instructions.  

When the task prepared by ChatGPT 4 for the evaluation task was analyzed according to the cognitive 

demand levels, it was determined to be at the level of LLD-PC. The task focused on reaching the correct 

answer using basic knowledge rather than establishing relationships with different concepts. In 

addition, little uncertainty existed about what needed to be done in the task content. 

For Question 2, it was determined that the scope of the evaluation task created with ChatGPT 4 was 

compatible with the content of the learning target and the age group/grade level. This task reinforced 

proportional thinking by having students first find the ratios by establishing a relationship between the 

given multiplicities and then equalizing them.  

The cognitive demand levels of the tasks prepared by ChatGPT are summarized in Table 6. 

Table 6 

Cognitive Demand Levels of All Tasks 

As shown in Table 6, only one of the six tasks prepared by ChatGPT was at a high cognitive demand level. 

This meant that approximately 85% of the tasks remained at the LLD level. Two of the five tasks at the 

LLD level were at the memorization task level, and both tasks were created by ChatGPT 3.5.  

When all the findings were evaluated, it was determined that ChatGPT could prepare mathematical tasks 

suitable for the targeted objective and grade level. However, the cognitive demand levels of the tasks it 

prepared remained at low levels. 

Task Type Evaluation 

GPT 4 GPT 3.5 

LLD-PC LLD-PC 

ChatGPT version 

Cognitive demand level 

Task Type Introductive/Recall Deepen Evaluation 

ChatGPT version GPT 3.5  GPT 4 GPT 3.5  GPT 4 GPT 3.5  GPT 4 

Cognitive demand level LLD-M HLD-PWC LLD-M LLD-PC LLD-PC LLD-PC 
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3.4 Comparison of ChatGPT 3.5 and ChatGPT 4 

When the task examples were analyzed, it was evident that the presentation style of the tasks differed 

according to the version. ChatGPT 4 offered a more systematic design, whereas the explanations made 

by ChatGPT 3.5 regarding the task level remained at a low level compared with ChatGPT 4. Conversely, 

the explanations provided by ChatGPT 3.5 were more comprehensive compared with that by ChatGPT 

4. These differences between the explanations were seen when comparing the answers to the second 
question in both ChatGPT 3.5 and ChatGPT 4. This result aligned with the findings of Stojanov (2023). 
Although ChatGPT 4 explained the implementation process of the task briefly and clearly, ChatGPT 3.5 
explained it more indirectly.

When the quality and content of the questions were evaluated, it was noticed that both versions failed 

to generate tasks related to high-level cognitive demand in mathematics. However, teachers were 

encouraged to facilitate classroom discussions based on student answers. In addition, both versions 

included explanations about the skills students would acquire after completing the tasks.  

When evaluated within the framework of cognitive demand levels, the tasks prepared by ChatGPT 4 

had higher cognitive demand levels. For example, in preparing an introductory task, the task designed 

by ChatGPT 3.5 was geared toward memorization (low demand levels), whereas the task prepared 

by ChatGPT 4 was designed for a connected method (high demand levels). 

However, despite ChatGPT 4 being based on higher demand levels than ChatGPT 3.5, most of the tasks 

it prepared remained at low levels. For instance, when examining ChatGPT 4’s deepening task design, 

it was found to be created according to the disconnected method tasks (low demand levels). 

Similarly, when analyzing the evaluation tasks, it is clear that both versions produced designs 

that included disconnected method tasks from low demand levels. Therefore, it was interpreted that 

ChatGPT 3.5 did not create a task design for high demand levels. However, ChatGPT 4 aimed for higher 

demand levels and did not fully achieve the task of doing mathematics.  

In addition, both versions could not create task designs for high-level demand mathematics tasks, also 

known as doing mathematics tasks.  

4. Conclusions and Discussion

In this study, ChatGPT, one of the artificial intelligence tools, was given the objectives that would 

constitute the course content, and instructions were given to prepare various types of tasks related to 

these objectives. The tasks created were then evaluated according to their cognitive demand levels. The 

analysis of the results showed that ChatGPT could design tasks appropriate to the age, grade, objective, 

and knowledge level of the students. Additionally, it provided various suggestions for the 

implementation of these tasks. In this context, it was determined that ChatGPT, as an artificial 

intelligence chatbot, could help teachers based on the content of the questions asked. Thus, while saving 

time and energy, teachers could enrich their course content. Artificial intelligence tools that can be 

considered teacher assistants (Brakina et al., 2021) can also be used for various functions, such as 

interactive games and creating custom questions, translating, and using them as language learning tools, 

which can actively engage students in the lesson. This situation brings advantages such as increased 

student motivation and a liberal approach to presenting their own ideas. Some studies reported similar 

results (Almelweth, 2022; Jones, 2021).  

When the tasks prepared with ChatGPT 3.5 and ChatGPT 4 versions, which constituted the first research 

question, were examined, it was observed that the tasks were created in a way that would guide the 

teacher and allow for flexible modifications. In addition, it was possible to design the teaching process in 

different dimensions thanks to features such as changing the level of the tasks and adjusting them to be 

student-centered or teacher-centered. Thus, the task content could be developed according to the 

environment in which the task would be implemented; tasks that could adapt to the changes in the 
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teaching process could be implemented in the classroom. Considering the aforementioned situations, 

integrating artificial intelligence tools into lessons or using these tools to design course content can add 

different dimensions to the educational process (Arslan, 2020). Benefiting from artificial intelligence 

technologies also requires teachers to adapt to information technologies and encourage their students 

to learn in this direction (Yuan, 2022). 

When evaluating the findings related to the second research question, which involved assessing the 

cognitive demand levels of the tasks prepared with both versions of ChatGPT, it was observed that the 

cognitive demands of the tasks remained at low levels. This situation suggested that teachers should 

expand the scope of the tasks or provide more comprehensive prompts to ChatGPT when preparing 

tasks. In addition, the fact that no tasks including the demand level of “Doing Mathematics Tasks” were 

created indicated that the chatbot had deficiencies in creating such tasks. In summary, ChatGPT 4 was 

found to generate tasks at higher demand levels compared with ChatGPT 3.5, but these tasks were not 

at sufficient cognitive demand levels. 

As seen in the tasks created by ChatGPT, it was advantageous that the designed tasks could be directed, 

organized in a short time, flexibly adapted to the teaching strategy, and promote cooperation between 

students and teachers (Dwivedi & Joshi, 2021). The purpose of creating tasks was to provide conceptual 

understanding and foster a discussion process rather than merely assigning homework or solving 

questions (Özgen, 2017). Tasks that served a single purpose would lead to a uniform transfer of 

knowledge, causing students' interpretation and solution strategies to be similar and resulting in 

memorized knowledge (Özgen, 2017). Therefore, when designing tasks, it would be useful to include a 

guiding scheme for the type of tasks and their implementation in the process. Both ChatGPT versions 

could prepare content for the type of task asked. However, the tasks prepared by ChatGPT4 were found 

to be more systematic. The applicability of the prepared content can be considered as an indicator of its 

use as a helpful tool for teachers. In this way, teachers can save time and energy and enrich their course 

content. However, it is thought that it would be more beneficial for teachers to revise and use these 

tasks.  

5. Recommendations

Today, it is clear that technology has ushered in a new era. The rapid advancement and the increasing 

number of artificial intelligence tools direct us to learn how to use these tools effectively. Therefore, it 

is suggested that efforts should be made to encourage teachers in the field of education to use artificial 

intelligence tools. These efforts can include in-service seminars or artificial intelligence courses. 

Moreover, introducing students to these tools and sparking their interest in coding may benefit their 

future technological developments. Researchers are recommended to conduct further studies on the 

role of artificial intelligence as a teacher assistant.  

Although ChatGPT, which can be an assistant for the teacher, offers flexibility in the content it provides, 

some factors may be overlooked when applied in real-life situations. These factors include student 

psychology, classroom environment, and teacher psychology. As ChatGPT can design content 

independently of these factors, teachers need to consider that the designed content may include 

elements that do not directly address these factors. Therefore, teachers should revise and adapt the 

content as needed.  

In addition, teachers and researchers who aim to maintain high cognitive demand levels in tasks are 

recommended to carefully consider those when creating prompts for ChatGPT. By doing so, they can 

ensure that the tasks generated align with their educational objectives and meet the desired cognitive 

demand levels. 
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1. Introduction

Artificial Intelligence (AI) has emerged as a groundbreaking technology in recent years, transforming 

traditional pedagogical approaches and learning environments. The integration of AI into education 

redefined and revolutionized the approaches adopted by educators in many forms, such as 

personalizing learning experiences, enhancing student engagement, and facilitating assessment and 

feedback mechanisms. This paradigm shift necessitates a digital literacy (DL) competency among 

university students since a certain level of DL competency is required to effectively integrate with AI 

technologies and maximize the use of these technologies. As Alakrash and Razak (2021) state, the recent 

increasing reliance on digital tools in education requires a profound understanding and acceptance of 

these tools among learners. Furthermore, DL competency offers proficiency in using technological tools 

and forms a ground to foster 21st-century skills such as flexibility, productivity, creativity, critical 

thinking, etc. In this context, The Technology Acceptance Model (TAM) offers a theoretical framework 

to examine this phenomenon, suggesting that the perceived ease of use (PEU) and perceived usefulness 

(PU) of technology can influence users' acceptance and engagement levels (Davis, 1989). Acceptance 

and effective use of AI-based tools can help students maximize learning outcomes, which makes TAM a 

relevant model in the AI-in-education context. Therefore, we argue that exploring DL's role in AI 

engagement through the lens of TAM can significantly contribute to how technology can be effectively 

adopted in educational settings. 
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Abstract: Through the last decades, Artificial Intelligence (AI) has revolutionized the field 

of education and transformed traditional teaching approaches. This study aimed to 

examine how university students adopt AI tools in their learning processes and the role of 

digital literacy (DL) in this process through the lens of the Technology Acceptance Model 

(TAM). In this context, this study measured the impact of DL on university students' 

acceptance of AI technologies and their intention to use such technologies in the future. 

The data was collected from university students (N = 154) at a university in Western 

Türkiye during the fall semester of 2023. Data collection was conducted using two 

separate online forms; the first form included items adapted from the Digital Literacy 

Scale developed by Bayrakçı and Narmanlıoğlu (2021) to measure digital literacy levels, 

while the second form included items adapted from the UTAUT study by Venkatesh et al. 

(2003). The hypothesis testing results showed that students with higher levels of DL 

perceived the usefulness and ease of use of AI tools more positively, which positively 

affected their intention to adopt AI-based tools. The study also found that perceived 

usefulness and ease of use were important in shaping students' attitudes and behavioural 

intentions towards AI. When students perceive AI as a valuable tool for learning and find 

it easy to interact with, they are more willing to use it. This study suggests that DL plays a 

significant role in the acceptance of AI-based tools among university students, and 

accordingly, the TAM is a practical and accurate model to explore students’ potential 

engagement with AI in the learning process. 
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Amidst this shifting educational paradigm, DL, which equips students with the necessary skills to 

navigate digital environments, has turned out to be a critical competence for university students. 

Furthermore, with the quick and intense integration of AI into education, the significance of DL has 

positioned from a mere familiarity to a deeper understanding and critical engagement with digital tools 

and environments. While the effective adoption and utilization of digital technologies are crucial in 

educational contexts (Aslan, 2021), it is evident that having a DL competency offers students a diverse 

set of skills, from critical thinking and problem-solving to communication and collaboration in digital 

environments (Bacalja et al., 2022; Bulganina et al., 2021). Recent developments in digital technologies 

show that DL is a supplementary skill that helps students step forward and is a foundational component 

in ever-evolving educational settings. Therefore, especially at the onset of the age of AI, it is essential to 

explore the intersection between DL and AI engagement to guide an informed decision-making process 

in any educational planning.  

TAM has been used as a practical and seminal framework to understand how users accept and adopt 

technology. Introduced by Davis (1989), TAM posits that PU and PEU are significant determinants of 

individuals’ intention to use a technology. This model has been used by researchers in educational 

contexts to reveal the nuances in student perceptions and behaviours in accepting new technologies 

(Jan & Contreras, 2011). It can be argued that TAM can be an instrumental tool in understanding the 

extent to which students interact or will possibly interact with the AI tools. It is also essential to explore 

this intersection with a particular focus on DL competence since it is a significant catalyst in the use of 

AI technologies (Wang et al., 2023). In this respect, TAM offers a powerful theoretical framework to fully 

understand the dynamics between DL competence and AI engagement of university students.  

Although the use of AI technologies for educational purposes is becoming increasingly widespread, 

research on university students' acceptance and effective use of these technologies is limited. Especially 

within the framework of TAM, the acceptance of AI technologies and the role of DL in this process have 

not been adequately examined. In the current literature, there is a noticeable lack of an integrated model 

that considers these three important factors - TAM, AI interaction and DL. This gap is especially evident 

in the Turkish context. Considering all of the issues mentioned, it can be argued that studying the 

relationship between DL and AI engagement among university students can provide valuable insights 

for policymakers and practitioners. This is because the integration of AI into educational settings 

requires a fundamental level of DL. However, the degree to which DL influences the acceptance and use 

of AI among university students through the lens of TAM remains unexplored. Therefore, this study aims 

to address this gap in knowledge and provide valuable insights into the integration of AI into education, 

which is crucial for developing novel pedagogical approaches in higher education. 

2. Related Literature 

The integration of digital technologies into educational processes has led to a growing body of literature 

regarding the effectiveness of digital technologies in education, and TAM has been used as a convenient 

theoretical framework to explain this relationship. Therefore, literature can be categorized thematically 

under two themes as DL in education and TAM and user behavior.  

DL in educational contexts has been a widely researched topic in literature. Researchers focused on 

exploring the role of DL from different perspectives, such as language teaching and learning (Aba Shaar 

et al., 2022; Alakrash & Razak, 2021; Liu, 2023), self-efficacy levels (Aslan, 2021; Gutierrez-Angel et al., 

2022), challenges in implementing DL (Romero-Hall & Cherrez, 2023), factors that influence DL (Yoleri 

& Anadolu, 2022), student perceptions (Smith & Storrs, 2023), effects on global citizenship (Khlaisang 

& Yoshida, 2022) and active participation in society (Pegalajar Palomino & Rodriguez Torres, 2023), 

and higher order thinking capacities (Tian et al., 2023). The variety of topics studied indicates that DL 

has turned out to be one of the core concepts of education, influencing it from many different 
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perspectives. Most of these studies provide significant implications for the integration of DL into 

education and highlight the determining role of DL in increasing the quality of teaching and learning.  

The implications of integrating DL into educational processes are multifaceted and transformative. The 

studies of Alakrash and Razak (2021) and Liu (2023) focus on the role of DL in language teaching and 

learning. Alakrash and Razak (2021) suggest the need for integrating digital technologies into the 

English language curriculum, emphasizing the shift towards technology-based teaching and learning 

paradigms, and they call for a transformation from traditional to digital modes of instruction to enhance 

language education's effectiveness and relevance in the digital age. Similarly, Liu’s (2023) study 

underscores the importance of DL in language learning and emphasizes the role of DL in shaping the 

identities of language learners, which helps create inclusive learning environments. The studies of Aslan 

(2021) and Gutierrez-Angel et al. (2022) reveal the relationship between DL and self-efficacy of 

learners. They propose that higher education institutions should integrate comprehensive DL programs 

into their curricula to improve the self-efficacy of learners so that they can get ready for their future 

professional roles (Gutierrez-Angel et al., 2022) and targeted support and resources should be provided 

to students to enhance their DL self-efficacy (Aslan, 2021). The study of Tian et al. (2023) reveals the 

intersection between higher-order skills and DL, underscoring the role of educators in designing 

curricula that adapt teaching strategies based on students' digital experiences. The implementation of 

DL into education comes with several challenges. However, the study of Romero-Hall and Cherrez 

(2023) suggests that such challenges can be overcome with ongoing professional development and 

training and addressing DL challenges can enhance the effectiveness and resilience of faculty's digital 

pedagogy.  

These studies emphasize the importance of integrating DL into education to foster a teaching and 

learning environment where digital tools are used as an aid. From facilitating the transition from 

traditional to digital instructional modes to fostering inclusivity and self-efficacy among learners, and 

finally, to empowering educators with strategies to overcome DL challenges, the evidence suggests a 

transformative potential of DL in education.  

The Technology acceptance model has been used as a practical framework to explore users’ level of 

interaction with emerging digital tools. Recently, TAM has been used in many studies to explore users 

engagement with AI in various fields such as agriculture (Mohr & Kuhl, 2021), construction (Na et al., 

2023), commerce (Wang et al., 2023) and healthcare (Alhashmi et al., 2019). However, there have been 

very few attempts to explore the engagement level of learners with AI through the lens of TAM in 

educational settings. One of these studies conducted by Zou and Huang (2023) examined the acceptance 

of ChatGPT in second-language writing among graduate students using TAM and demonstrated that 

graduate students reported a high-level willingness to use ChatGPT in their writing process. Similarly, 

the study of Strzelecki (2023) also provides evidence for the acceptance of ChatGPT by university 

students. Another study by Li (2023) investigated the impact of AI-based systems on learning 

motivation through the lens of TAM and found that such systems positively influence student 

motivation, emphasizing the functionality of using TAM as a model to reveal student-AI engagement. 

The study of Zhang et al. (2023) utilizes TAM to discover pre-service teachers’ engagement with AI with 

a special focus on determinant factors and gender-based differences. They suggest the encouragement 

of AI-powered in-service teacher education by addressing gender-specific aspects in AI acceptance. 

Lastly, Al Darayseh (2023) explored science teachers’ perceptions to integrate AI applications into 

science education and highlighted that science teachers demonstrated a high-level of acceptance in the 

use of AI in their classrooms showing positive correlations with self-efficacy, attitudes, ease of use, 

intention to use and expected benefits. Although the studies conducted so far have been informative and 

insightful, there is still a need for more research to thoroughly investigate the level of engagement 

between students and AI across different educational environments. 
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3. Methods 

3.1. Proposed research model and hypotheses 

In this study, we set out to investigate the impact of DL of university students (psychology and molecular 

biology and genetics students) on their acceptance of AI technologies and their intention to use these 

technologies by developing a model. Figure 1 shows the hypotheses of this study. 

Figure 1 

Research Model 

 

3.2. Digital literacy (DL) 

Koppel and Langer (2020) define DL as the essential technical skills needed for basic interactions with 

technology. DL encompasses a broad array of skills, such as media literacy, information literacy, and 

computer literacy. DL is based on the use of ICTs to search for, find, and utilize information 

(Mohammadyari & Singh, 2015). In this research, DL was modelled under two factors: (i) general 

knowledge and functional skills (GK) and (ii) daily usage (DU) 

General knowledge and practical skills encompass a broad understanding of software, including 

information on software and hardware, digital technologies, licensed and pirated software, and 

malware. Additionally, technical proficiency is occasionally required for tasks such as formatting a 

computer, adjusting Proxy/DNS settings, and possessing both network and software expertise for more 

technical purposes. Today, the utilization of digital technologies is prevalent, involving aspects of e-

citizenship, cloud technology, online streaming, reservations, online shopping, web browsing, and 

routine transactions. Below are the generated hypotheses indicating that higher DL level of students has 

a positive impact on the PU and PEU of AI technology: 

• H1. GK positively affects PU. 

• H2. GK positively affects PEU. 

• H3. DU positively affects PU. 

• H4. DU positively affects PEU. 

3.3. Technology acceptance model (TAM) 

TAM is a framework in the field of information systems that aims to explain how users adopt and utilize 

new technologies. Developed by Davis (1989), TAM posits that the success of a system depends on user 

acceptance, which is determined by three key factors: perceived usefulness (PU), perceived ease of use 

(PEU), and attitudes towards usage (ATU) of the system. The system is practically applied at the user 

level, where individuals interact with the technology. The decision to use technology is influenced by 



Sakarya University Journal of Education, 14(Special Issue) 2024, 228-249 

 

232 
 

behavioural intention (BIU), which is in turn, affected by attitude, representing the overall perception 

of the technology. The model suggests that if a system is not perceived as easy to use, it is unlikely to be 

considered useful. TAM elucidates that a user's perception of a system's usefulness and ease of use 

influences their intention to use or not use the system. Additionally, Davis (1989) emphasizes that 

practitioners use TAM to predict the acceptability of systems and diagnose the reasons for lack of 

acceptance, enabling them to take appropriate measures to enhance user acceptance. 

The concept of PU pertains to an individual's belief in the extent to which the utilization of a specific 

technology will improve their performance or work results (Venkatesh & Bala, 2008). In essence, it 

revolves around the individual's assessment of whether employing the technology will enhance their 

proficiency in their tasks. The PEU pertains to an individual's perception of the extent to which utilizing 

a specific technology will require minimal effort, encompassing aspects of both learning and effectively 

using it (Venkatesh & Bala, 2008). PEU defines an individual's belief regarding the ease of 

comprehending and operating the technology. ATU pertains to an individual's comprehensive affective 

evaluation or sentiment regarding the utilization of a particular technology. This evaluation is 

influenced by their PEU and the PU of the technology (Davis, 1989). Behavioral intention to use (BIU) 

pertains to an individual's inclination to initiate and sustain the utilization of a particular technology 

(Davis, 1989). It can be understood as a forecast of their prospective actions derived from their present 

cognitive and affective states. Therefore, the following hypotheses will be tested with the data collected 

from the study group: 

• H5: PEU positively affects PU. 

• H6: PU positively affects ATU. 

• H7: PEU positively affects ATU. 

• H8: ATU positively affects BIU. 

3.4. Instruction procedure 

In this study, a vocational English course around the principles of task-based instruction (TBI) was 

designed to explore the engagement level of students with AI tools. TBI is a form of instruction where 

students are provided with real-world tasks and the assessment of task performance is made through 

task outcomes (Skehan, 1996). In this context, the tasks are designed to enable students to learn 

language structures through producing outputs using AI tools. In each task, a variety of AI tools were 

introduced to students to help them complete the tasks. At the beginning of the term, students were 

trained in the ethical and responsible use of AI tools in their tasks, and a guidelines document that 

frames how students can use AI tools in their work ethically was shared with the students (Appendix 1). 

The course content (Appendix 2) and a sample task description (Appendix 3) can be found in the 

appendices.  

3.5. Data collection tools 

We collected the data for this study using two distinct online forms. The first form includes demographic 

information about the students and items adapted from the Digital Literacy Scale (Bayrakci & 

Narmanlioğlu, 2021) to measure students' DL levels. The second form includes items adapted from the 

UTAUT study conducted by Venkatesh et al. (2003) (Appendix 4). 

3.6. Data collection 

The research target group is psychology (n = 77) and molecular biology and genetics (n = 77) students 

at a university in western Türkiye (N = 154). Data were collected in the fall semester of 2023 to identify 

participants’ literacy levels, perceptions, and attitudes. The initial questionnaire gathered data on the 
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participants' demographic characteristics and DL levels. The subsequent questionnaire aimed to gauge 

the acceptance of technology for AI, utilizing a 5-point Likert-type scale ranging from 1 (Strongly 

Disagree) to 5 (Strongly Agree). To assess reliability and comprehension, a small group of participants 

from a single institution underwent a pilot test. The first questionnaire was administered at the 

commencement of the fall semester, while the second was distributed at the end of the semester. 

3.7. Data analysis 

Questionnaires were distributed to over 250 students, yielding 214 responses. Following the exclusion 

of non-respondents and incomplete responses, data from 154 participants were deemed suitable for 

analysis. The proposed conceptual model underwent evaluation through structural equation modeling 

(SEM), with the analysis of the structural model conducted using Mplus (ver. 8.1) software. SEM is a 

robust statistical technique that is commonly used to study the relationship between observed and 

latent variables. Widely utilized across diverse scientific disciplines, SEM provides a comprehensive 

framework for testing and validating significant theories, particularly in assessing relationships 

between variables and constructing and evaluating structural models (Schumacker & Lomax, 1996).  

3.8. Ethical principles 

Ethics committee permission for this study was obtained from Balıkesir University Social Sciences and 

Humanities Ethics Committee with the decision dated 23.01.2024 and numbered E.344791. 

4. Findings 

4.1. Measurement model results 

This study evaluated the proposed conceptual model by calculating the properties of reliability and 

validity of the constructs. Item reliability and internal consistency for each construct were assessed 

using metrics such as Cronbach's alpha (α), composite reliability (CR), and average variance extracted 

(AVE). Hair et al. (1995) recommended that values of Cronbach's alpha (α), CR, and AVE should be at 

least 0.7, 0.7, and 0.5, respectively. Based on the findings presented in Table 1, constructs demonstrated 

high reliability and internal consistency as Cronbach's α exceeded 0.7 (Taber, 2018). A CR value above 

0.7 indicated satisfactory internal consistency and reliability across all constructs. Convergent validity 

was confirmed by examining the factor loading of each construct, with AVE values exceeding 0.5 for all 

constructs (Bagozzi & Phillips, 1982; Hair et al., 1995). 
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Table 1 

Descriptive Statistics, Internal Consistency, Convergent Validity and Reliability of Items. 

Constructs Item Factor 
Loadings 

Mean Sd Cronbach’s 
α 

CR AVE 

Daily Usage 
(DU) 

DU1 .58 4.49 .78 .732 .72 .53 
DU2 .75 4.12 .89 
DU3 .50 4.05 1.15 
DU4 .51 3.40 1.37 
DU5 .57 4.55 .65 
DU6 .66 4.40 .90 

General 
knowledge 
and practical 
skills (GK) 

GK1 .72 3.03 1.32 .889 .73 .61 
GK2 .72 3.09 1.15 
GK3 .81 2.40 1.31 
GK4 .75 2.91 1.39 
GK5 .70 2.94 1.31 
GK6 .68 2.32 1.42 

Perceived 
usefulness 
(PU) 

PU1 .80 4.07 .88 .823 .69 .55 
PU2 .89 3.86 .89 
PU3 .88 3.97 .88 
PU4 .90 3.97 .93 

Perceived 
ease of use 
(PEU) 

PEU1 .84 3.77 1.04 .958 .76 .87 
PEU2 .77 4.02 .93 
PEU3 .74 3.74 1.03 
PEU4 .83 3.57 1.02 
PEU5 .90 3.71 1.04 

Attitudes 
towards usage 
(ATU) 

ATU1 .91 2.86 1.23 .922 .74 .76 
ATU2 .96 3.35 1.19 
ATU3 .94 3.77 1.04 

Behavioral 
intention to 
use (BIU) 

BIU1 .61 4.00 1.01 .907 .72 .67 
BIU2 .76 4.06 1.01 
BIU3 .95 4.11 .95 

 

In order to establish discriminant validity, it was observed that the square roots of the AVE values 

presented in Table 2 were greater than the correlations displayed below or to the left of them. This 

finding aligns with the criteria outlined by Hair et al. (1995) and confirms the discriminant validity of 

the measurement. The factors within the proposed model were identified to be correlated, as indicated 

in Table 2. 

Table 2 

Correlation Values for Each Factor 

 DU GK PU PEU ATU BIU 

Daily Usage (DU) (.72)      

General knowledge and 
practical skills (GK) 

.502* (.78)     

Perceived usefulness (PU) .220* .454* (.74)    

Perceived ease of use (PEU) .443* .425* .541* (.93)   

Attitudes towards usage 
(ATU) 

.259* .460* .728* .606* (.87)  

Behavioral intention to use 
(BIU) 

.170* .284 .642* .586* .729* (.82) 

Note: * N= 154, p<.001 
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4.2. Validation of the measurement model 

We employed confirmatory factor analysis (CFA) to evaluate the validity of the measurement by 

examining the extent to which a pre-established or constructed framework aligns with the gathered 

data. CFA, underpinned by theoretical foundations, is utilized to evaluate the consistency between the 

factors derived from multiple variables and the empirical data, as well as their alignment with the 

research sample. Consequently, CFA was applied to the measurement model depicted in Figure 2. The 

fit indices of the measurement are x2/df = 1.59, RMSEA = .067 with 95% CI [.057 ~.077], CFI = .925, and 

TLI= .915, respectively. Regarding parameter values, the fit measures were within acceptable limits (Hu 

& Bentler, 1998; Schumacker & Lomax, 1996).   

Figure 2 

Confirmatory Factor Analysis 

 

4.3. Structural model results 

The research model's path coefficients were statistically analyzed and tested for significance using the 

SEM approach. The fit indices of the model x2/df = 1.52, RMSEA = .059 with 95% CI [.048 ~.069], CFI = 

.943, and TLI= .936 respectively. Regarding parameter values, the fit measures were within acceptable 

limits (Hu & Bentler, 1998; Schumacker & Lomax, 1996).  When Figure 3 is examined, a 16% variance 

explains the behavioural intention to use AI tools. In addition, the PU, PEU and, ATU structures of the 

model are explained with 59%, %67, and 30% variances, respectively. 
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Figure 3 

Structural Equation Modelling of the Hypotheses 

 

4.4. Hypothesis testing 

The data presented in Table 3 indicates a notable positive correlation among these variables. All 

proposed hypotheses were validated within the model. 

Table 3 

Hypothesis Test Results 

Structural relations of the 
proposed model 

β t p-value Decision 

H1. GK → PU .27 2.27 .024 Accepted 
H2. GK  → PEU .26 2.22 .027 Accepted 
H3. DU → PU .43 2.93 .003 Accepted 
H4. DU → PEU .37 2.70 .007 Accepted 
H5: PEU →PU .46 4.53 < .001 Accepted 
H6: PU → ATU .57 5.71 < .001 Accepted 
H7: PEU → ATU .38 4.58 < .001 Accepted 
H8: ATU → BIU .91 7.90 < .001 Accepted 

 

5. Discussion 

The DL level of individuals is an essential determiner for their acceptance and utilization of technology 

in both personal and professional settings. It is well-established that individuals’ attitude towards 

technology is influenced by the extent to which they have DL skills (Mac Callum et al., 2014; Mailizar et 

al., 2022; Nikou & Aavakare, 2021). Accordingly, the acceptance of emerging technologies, such as AI-

related tools, is directly related to individuals' DL levels. In this respect, this study hypothesized that DL 

levels of students, particularly General Knowledge and Practical Skills and Daily Usage domains, 

positively affect PU and PEU of AI tools in their learning process. The hypothesis testing results showed 

that General Knowledge and Practical Skills, and Daily Usage of digital tools significantly affect PU and 

PEU of AI tools. These results indicate that students who are more literate in digital technologies are 

likely to have a greater awareness of the capabilities of AI tools and, thus are more inclined to perceive 

AI as a useful tool for their learning process, which can lead to more favourable attitudes toward 
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adopting AI technologies because these students may be more aware of the specific benefits and 

applications of AI in their works (Li, 2023; Strzelecki, 2023; Zou & Huang, 2023). The positive 

relationships between GK/DU and both PU and PEU align with the foundational principles of the TAM 

because, according to TAM, both PU and PEU are primary predictors of the adoption of new technologies 

(Davis, 1989; Gie & Chung, 2019). In this respect, it can be suggested that improving DL can be a 

significant factor in encouraging university students to embrace the use of AI technologies in their 

learning process.  

The hypothesis that the PU of AI positively influences ATU supports the idea that belief in the utility of 

a technology is a strong motivator for its acceptance (Davis, 1989; Kumar Kakar, 2017). The results of 

the analysis show positive path coefficients from PU to ATU. This result can be interpreted that when 

students recognize the practical benefits of AI in their learning process, they are likely to develop more 

positive attitudes towards its use (Ko & Leem, 2021). Similarly, the hypothesis about the relationship 

between PEU and attitudes toward use (ATU) suggests that the less effort required to use AI tools, the 

higher students' attitudes toward this technology may be. The results of the analysis show a positive 

relationship between PEU and ATU, which confirms this hypothesis. Ease of use can shape student 

attitudes by directly influencing the user's experience (Damerji & Salimi, 2021; Edmunds et al., 2012). 

If students find an AI tool intuitive, they are less likely to become frustrated or resist using it. As a result, 

they may evaluate AI technology more favourably and become more open to incorporating it into their 

learning process. 

The last hypothesis tests that students' attitudes towards the use of AI tools (ATU) positively influence 

their behavioural intention to use AI (BIU) (Teo & Zhou, 2014). This hypothesis constitutes the most 

important link of the model because it explains the link between the affective components of technology 

acceptance and the behavioural components. The results of the analysis support this hypothesis with 

strong positive coefficients and show that students with positive attitudes towards AI are more likely to 

be willing to use it (Alzahrani, 2023; Gherheș & Obrad, 2018). Behavioural intention to use AI offers an 

important prediction of actual use. Positive attitudes can significantly support students' intentions to 

use AI tools, thus making ATU an important component of educational strategies aimed at promoting 

engagement with AI. 

The results of the tested hypotheses confirmed the basic principles of the TAM and extended the 

coverage of these principles to the use of AI technology in education. The findings suggest that PU and 

ease of use directly influence students' attitudes towards AI and, consequently, significantly shape their 

intentions to use AI (Kashive et al., 2020; Ko & Leem, 2021). In light of these findings, the importance of 

a holistic approach to AI integration in education that addresses both cognitive and affective factors to 

encourage students' interactions with AI tools effectively comes to the fore. The findings of this study 

may help to draw important implications for the Turkish context. In Türkiye, the use of AI technologies 

in education is still in its early steps and the adaptation of university students to these technologies is a 

critical issue. This study found that Turkish university students' level of digital literacy significantly 

influences their tendency to accept and use AI technologies. This result provides evidence that higher 

education institutions in Turkey should develop policies in this direction. 

In conclusion, the supported hypotheses revealed the importance of PU and ease of use in shaping 

students' attitudes towards AI tools. These attitudes are important in determining behavioural 

intentions towards AI. These implications can guide the development of educational policies that align 

with students' expectations, intentions, and uses of AI tools. 
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6. Conclusion 

This study investigated the factors influencing university students' acceptance of AI tools in their 

learning process. The findings confirm the applicability of the TAM in the context of AI adoption for 

education. The study highlights the crucial role of DL, particularly general knowledge and daily usage, 

in fostering a positive perception of AI's usefulness and ease of use. Students with stronger DL are more 

likely to recognize the potential benefits of AI and find these tools user-friendly. This, in turn, leads to 

more favourable attitudes towards incorporating AI into their learning. Furthermore, the research 

emphasizes the importance of both PU and PEU in shaping students' behavioural intentions towards AI. 

When students perceive AI as a valuable tool for learning and find it easy to interact with, they are more 

likely to express a willingness to use it. 

As the methodological implication of this study, it can be stated that The TAM provides a general 

framework for students' acceptance and adoption of new technologies. The model can also be used for 

testing various hypotheses. Although more studies are needed on the use of AI tools in educational 

settings, it is believed that positive outcomes can be achieved when students are guided on how to utilize 

these tools effectively. In particular, offering students a guide on AI ethics and how to utilize AI in the 

course content enhances the quality of student outcomes and their acceptance of this new technology. 
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APPENDIX 

 

[Blinded] University 

2023 – 2024 Academic Year (Fall) 

Molecular Biology and Genetics Department 

Vocational English IV (English) 

Guidelines for Responsible Use of AI in Student Works 

 

Guidelines for Using AI Tools in Student Tasks 

Artificial Intelligence (AI) offers an array of solutions designed to mimic human intelligence with the 

intent to alter the educational landscape. The AI-powered chatbots (i.e., OpenAI’s ChatGPT, Google’s 

Bard or Microsoft’s Bing) known as Large Language Models are tailored to simulate human 

conversation and offer tailored academic assistance. Acting as a peer, these LLM chatbots can swiftly 

answer queries, clarify doubts and provide guidance on any given subject, assisting in the learning 

process. LLM chatbots can act as a peer for educational purposes in several ways.  

What CAN you do with AI Tools? 

1. Brainstorming Ideas: You can use AI tools to brainstorm ideas by giving them a topic or 

keyword and asking them to generate ideas. For example, a student could ask an AI chatbot to 

generate ideas for a research paper or a creative writing assignment. 

2. Researching Topics: You can use AI tools to research topics by giving them a topic and asking 

them to find relevant information. For example, you can ask an AI chatbot to find information 

about the life cycle of a butterfly. 

3. Understanding Concepts: You can use AI tools to understand concepts by giving them a 

concept and asking them to explain it in a clear and concise way. For example, you can ask an 

AI chatbot to explain the concept of Cell Division or Freud’s Iceberg Theory. 

4. Practicing Skills: You can use AI tools to practice skills by giving them problems to solve and 

feedback on their work. For example, you can ask an AI chatbot to generate math problems for 

you to solve or multiple-choice grammar tests. 

5. Getting Feedback: You can use AI tools to get feedback on your work by giving them your 

work and asking them for feedback. For example, you can ask an AI chatbot to give them 

feedback on your essay or presentation. 

 

Ethical issues about the use of responsible AI: 

One of the biggest ethical concerns surrounding the use of AI tools in homework is the risk of 

plagiarism. Plagiarism is the act of copying someone else's work without giving them credit. This 

includes copying text, ideas, or code from an AI tool without properly citing it. 

You should use AI tools as a tool to help you learn, not as a way to cheat. It is important to remember 

that AI tools are trained on massive datasets of text and code, and they may sometimes generate text 

that is similar to existing work. This does not mean that the AI tool has plagiarized, but it does mean 

that you need to be careful and cite the sources properly. Therefore, while LLM chatbots and similar AI 

tools have enormous potential to assist learning, it's crucially important that these resources are not 

misused to bypass original thought and work. 

The following are key points we need to focus on: 
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1. Originality: The use of AI should be an enhancement of your work - not a substitute for your 

original thoughts, ideas, and expressions. Therefore, you are encouraged to use the AI system 

to help develop ideas but must ensure that the final submission is your independent work. 

2. Responsibility: While AI tools can provide information or draft responses, you must take 

responsibility for the learning outcomes. This involves critically examining, modifying, and 

incorporating AI-driven content into your own. 

3. Co-creation: AI tools like LLM chatbots should be viewed as collaborators in the learning 

process, not as a contract cheating service.  

4. Citing AI Assistance: Even as AI becomes more prevalent in education, it’s important that you 

properly cite the assistance you receive from such tools. Failing to do so can lead to 

unintentional plagiarism. 

5. Authorship Accountability: Even with AI assistance, you should retain accountability for 

their assignments' content, acknowledging that you understand and can discuss your 

submitted work. 

I encourage you to use AI tools responsibly and ethically in your homework. Remember that AI tools 

are a tool to help you learn, not a way to cheat. When you use AI tools in your assignment, make sure 

to write in detail at the bottom of each assignment which AI tools you used and how you used them. 

This will help you to be transparent about your use of AI tools and avoid plagiarism. If you have 

received any help from any AI tool in your assignments, I expect you to write a description at the 

bottom of your assignments, as in the example below. 

Template: In this assignment, I used [name of AI tool] for [purpose] by issuing 
the following prompt ["the prompt"]. I collaborated with [name of AI tool] in the 

following way [collaboration detail]. I acknowledge that I have used AI as a 
collaborator in my assignment, that the assignment is my own, and that I take full 

responsibility for what I have written. 

 

Example: In this assignment, I used the ChatGPT tool for brainstorming by 
giving the prompt "Create an outline to give me a presentation on cell division". I 

collaborated with ChatGPT in the following way: ChatGPT gave me an outline of the 
steps I could take to explain cell division. Using this outline, I determined the flow of 

the presentation. I acknowledge that I have used AI as a supporter in my assignment, 
that the assignment is my own, and that I take full responsibility for what I have 

written. 
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[Blinded] University 

2023 – 2024 Academic Year (Fall) 

Molecular Biology and Genetics Department 

Vocational English IV (English) 

Course Content (Grade 3) 

 

Course Name Vocational English IV 

Instructor  [Blinded]  

Duration  14 Weeks (2 Hours)  

Credit  2 

Attendance  Compulsory (%70 attendance required)  

Aim  The main objective of this course is to equip students with the necessary 
vocabulary related to their fields of study and enable them to develop a 
vocational literacy that aligns with the B1 and B2 levels outlined in the 
Common European Framework of Reference for Languages. Additionally, 
the course aims to keep students updated on contemporary 
developments in their respective fields. 

Course  
Materials  Task-book provided by the course instructor 

Instruction type 

Task-based instruction 

Assessment  Assessment of the course will be based on the mid-term and end-of-
semester exams as well as assignments. Evaluation will be divided as 
follows:  
  
Mid-Term Evaluation: %40 (Exam 25 pts – Tasks 75 pts) 
End-of-Semester Evaluation: %60 (Exam 40 pts, Tasks 60pts) 
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Scope and Sequence 

Week  Topic  Task Language Focus Grammar 

Week 
1  

Negotiating course content.  

Week 
2  

Songs 
Writing a song about genetics 
and recording using AI tools 

Creating Imagery 
and Mood 

Comparatives and 
Superlatives Week 

3  

Week 
4  Fun Facts 

Quiz 
Creating a multiple-choice fun 

facts quiz about genetics 
Creating options 
and alternatives 

Wh- Questions 
Week 

5  

Week 
6  Crossword 

Puzzle 

Creating a crossword puzzle 
on concepts related to 

genetics 

Defining and 
describing 

Relative Clauses 
Week 

7  

Week 
8  

Mid-Term Week 

Week 
9  

AI 
Playing a “Guess What” 

game with ChatGPT 
Asking questions to 

elicit information 
Interrogative 

Sentences Week 
10  

Week 
11  

Astrology 
Fortune-telling a friend’s 

future based on given data 
Making predictions Future Simple 

Week 
12  

Week 
13  Fictional 

Character 
Creating a fictional character 

based on pre-defined features 
Describing 

Adjectives and 
Adverbs Week 

14 
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Evaluation Rubric 

Criteria Excellent (25 points) Good (15 points) 
Needs Improvement  

(5 point) 

Use of Different 
Types of 

Interrogatives 

Skillfully uses a variety of 
interrogative forms 
including Yes/No, WH-
questions, and Tag 
questions, demonstrating a 
nuanced understanding of 
how different questions 
elicit different types of 
information. 

Utilizes some variety in 
interrogative forms but 
may rely more heavily on 
one type, showing a 
moderate understanding of 
eliciting information. 

Primarily uses one type of 
interrogative form, 
indicating a basic or 
limited approach to 
eliciting information. 

Correct Prompting 

Questions are formulated 
correctly and clearly, 
prompting detailed and 
relevant responses from 
ChatGPT. Demonstrates an 
adept ability to guide the 
conversation through 
questions. 

Questions are generally 
well-formed but may 
occasionally lack clarity or 
precision, leading to 
responses from ChatGPT 
that are less detailed or 
slightly off-topic. 

Questions often lack 
clarity or grammatical 
correctness, resulting in 
vague or irrelevant 
responses from ChatGPT. 

Quality of the 
Conversation 

The conversation flows 
logically, with each 
question building on the 
last response to delve 
deeper into AI topics. 
Reflections and follow-ups 
are thoughtful, showing 
high engagement.  

The conversation shows 
some logical progression, 
but there may be missed 
opportunities for deeper 
exploration or reflection on 
the responses.  
 
 

The conversation lacks 
coherence, with little to no 
reflection on responses or 
follow-up questions, 
indicating a superficial 
engagement with the 
topic. 

Week Topic  Task Language Function Grammar 

Week 9  AI 
Playing a “Guess What” Game 

with ChatGPT 
Asking questions to 

elicit information 
Interrogative Sentences 

Learning Objective 

By the end of Week 9, students will be able to effectively use interrogative 

sentences to elicit information from ChatGPT about genetics-related topics. 

Students will practice formulating clear, concise, and relevant questions using 

ChatGPT voice chat. 

Relevance and Context 

This task leverages the interactive nature of ChatGPT to engage students in active 

learning. By crafting questions, students will not only explore using AI tools but 

also enhance their ability to communicate effectively and think critically about 

the responses they receive.  

Instructions 

Step 1: Prompt ChatGPT to play a GuessWhat game on genetics related topics. 
ChatGPT will think of a genetics-related thing and you will try to guess by asking 
questions. 
Step 2: You need to play three games and ask different types of questions in each 
game, including Yes/No, Wh- and Tag questions. 
Step 3: Using the voice chat of ChatGPT, play three games with ChatGPT.  
Step 4: Submit the share link of the chat as your homework.  
 

Deliverables A log of your questions and ChatGPT's responses. 

Performance Criteria 

Success in this task will be assessed based on the accuracy and creativity of the 
crossword design, the clarity and grammatical correctness of the clues, and the 
strategic implementation of relative clauses in the clues. 
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Appendix 4 

Digital Literacy Survey Items (Turkish) 
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Bölüm 1 
Günlük hayatta olduğu gibi dijital ortamlarda da kişisel veya yasal 
haklarımın (mahremiyet, telif, konuşma özgürlüğü vb.) devam ettiğinin 
farkındayım. 

     

Çevrim içi ortamlarda kendimin ve başkalarının kişisel verilerini 
(fotoğraf, adres, aile bilgileri vb.) korumak için nasıl davranmam 
gerektiğini bilirim. 

     

Çevrim içi ortamlarda eriştiğim bilgilerin doğru olup olmadığını farklı 
kaynaklardan sorgulayabilirim. 

     

Çevrim içi ortamlarda siber zorbalık (aşağılama, küfür, nefret söylemi vb.) 
ve istismar gibi davranışların etik ve yasal sorumluluklarının 
farkındayım. 

     

Bilişsel ve ahlakî gelişime uygun olan dijital oyunları ve içerikleri ayırt 
edebilirim. 

     

Çevrim içi ortamlarda yaptığım her şeyin kaydedildiğinin farkındayım.      
Dijital ortamlarda telif haklarının ihlalinden doğabilecek etik ve yasal 
sorumlulukların farkındayım. 

     

Bölüm 2 
Lisanslı yazılım, demo yazılım, korsan yazılım, kötü amaçlı yazılım ve 
crack kavramlarının ne olduğunu bilirim. 

     

Donanım ve yazılım teknolojilerinin ne olduğunu bilirim      
Bilgisayarıma işletim sistemini kurabilirim/format atabilirim.      
Bilgisayarıma ya da diğer elektronik cihazlarıma yazılım veya program 
yükleyebilirim. 

     

Torent, İnternet, World Wide Web (WWW) ifadelerinin ne anlama 
geldiğini bilirim. 

     

Yasaklı İnternet sitelerine erişmek için cihazların proxy/dns ayarlarını 
değiştirebilirim. 

     

Bölüm 3 
e-Devlet uygulamalarını (MHRS, UYAP, vergi&ceza sorgulama vb.) etkin 
kullanabilirim. 

     

Bulut bilişim teknolojilerini (Google Drive, iCloud, Dropbox vb.) günlük 
hayatta etkin kullanabilirim. 

     

Mobil cihazlarda takvimi sadece tarihe bakmak için değil; aynı zamanda 
anımsatıcı, not alma, etkinlik oluşturma vb. işler için de kullanabilirim. 

     

Çevrim içi ortamlarda "video yüklemek/canlı yayın yapmak" gibi 
etkinliklerde bulunabilirim 

     

Rezervasyon, alışveriş, adres bulma vb. gündelik pratiklerde dijital 
teknolojileri etkin kullanabilirim. 

     

Kullandığım bir web sayfasını sık kullanılanlara veya yer imlerine 
ekleyebilirim. 

     

Bölüm 4 
Dijital teknolojilere dayalı yazılım/uygulama geliştirebilirim.      
Programlama dillerinden (Java, C, Visual Basic, PHP, vb.) en az birini 
kullanabilirim. 
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Bölüm 5 
Uygulamaların kişisel bilgilerime (konum, rehber, kamera vb.) erişimini 
kısıtlamayı bilirim. 

     

İstenmeyen/spam epostaları ve oltalama mesajları tanıyıp 
engelleyebilirim. 

     

Sosyal ağlardaki paylaşımlarımda ve profilimdeki gizlilik/güvenlik 
ayarlarını değiştirebilirim. 

     

Nasıl güçlü bir şifre oluşturacağımın farkındayım.      
Bölüm 6 

Web tasarım sistemlerini (Weebly, Wordpress vb.) kullanarak İnternet 
sitesi tasarlayıp yayınlayabilirim. 

     

Kendi blog sayfamda veya farklı bloglarda yazı yazıp, paylaşabilirim.      
Dijital teknolojiler yardımıyla çeşitli imajları (fotoğraf, ses kaydı ve video 
vb.) değiştirip, yeni içerikler üretebilirim. 

     

Alanımla ilgili en az bir tane yazılımı (Photoshop, SPSS, Premiere, Office 
Word vb.) etkili bir şekilde kullanabilirim. 

     

      

Technology Acceptance Model Items (Turkish) 
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Yapay zekâ araçlarını kullanmak, öğrenme görevlerimi daha hızlı 

tamamlamayı sağlıyor. 

     

Yapay zekâ araçlarını kullanmak öğrenme performansımı 

arttırıyor. 

     

Yapay zekâ araçlarını kullanmak öğrenme sürecimi daha verimli 

hale getiriyor. 

     

Yapay zekâ araçlarını kullanmak öğrenme sürecimi daha etkili hale 

getiriyor. 

     

Yapay zekâ araçlarını kullanmayı öğrenmek kolaydır.      

Yapay zekâ araçlarını kullanarak yapmak istediklerimi kolayca 

yapabiliyorum. 

     

Yapay zekâ araçlarını kullanırken çok fazla zorlanmıyorum.      

Yapay zekâ araçlarını kullanmada kolayca ustalaşabiliyorum.      

Yapay zekâ araçlarını kullanmayı kolay buluyorum.      

Yapay zekâ araçlarını kullanmaya başladığımda bırakamıyorum.      

Ödevlerimin yapay zekâ araçlarının kullanımını gerektiren yönleri 

olmasını sabırsızlıkla bekliyorum. 

     

Yapay zekâ araçları ile çalışmayı seviyorum.      
Bundan sonra, yapay zekâ araçlarını kullanmaya devam etmeyi 
planlıyorum. 

     

İleride, yapay zekâ araçlarını kullanmayı düşünüyorum.      
Gelecekte, yapay zekâ araçlarını kullanmayı planlıyorum.      
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1. Introduction

Distance learning has become significantly crucial on a global scale, particularly amidst the ongoing 

pandemic (Kim, 2020).  The measures implemented during the crisis to sustain education using 

available resources are called emergency distance learning (Bozkurt, 2020). However, many teachers 

and students encountered distance learning for the first time. As a result of this experience process, the 

decrease in face-to-face interaction (Yolcu, 2020; Kumar et al., 2021; Sealy, 2021), the difficulty in 

keeping the motivation of the learners (Uçar, 2017; Gustiani, 2020), and the self-management and self-

direction skills of the learners (Al‐Taweel et al., 2020; Bozkurt, 2020) are listed as problems experienced 

in distance learning environments. Despite these limitations, developments in information and 

communication technologies offer important opportunities for formatting learning environments and 

increasing the motivation of learners (Pintrich, 2003; Bayrakçeken et al., 2021). In addition, these 

technologies are also used to determine the emotions of the students during e-learning. Research is 

being conducted on the effect of technology-enriched environments on student emotions (Imani & 

Montazer, 2019; Lacave et al., 2020). Additionally, certain features of these environments have specific 

effects on student emotions (Peng & Xu, 2020). There is also research on how emotions influence the 

use of self-regulation strategies (D'mello & Graesser, 2013; Taub et al., 2020). Finally, studies examine 

how students' emotions change during lessons (Sarrafzadeh et al., 2008; Bulut Ozek, 2018; Tonguç & 

Özkara, 2020; Hasnine et al., 2021). 

How Do Students Feel in Online Learning Platforms? How They Tell It: How Does 
Artificial Intelligence Make a Difference? 

Research Article 
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Abstract: This study aims to investigate the effectiveness of an artificial intelligence (AI) 

model in determining students' emotional states during online courses and compares 

these AI-generated results with traditional self-report methods used in educational 

sciences. Conducted with 66 students from three different departments of a public 

university in Eastern Turkey during the 2021-2022 academic year, the study involved 

capturing facial images of students every 10 minutes during online lectures to analyze 

their emotional states using a deep learning-based CNN model. In addition, students 

provided their emotional states through a mood analysis form, which included personal 

information and subjective feelings such as happiness, sadness, anger, and surprise. The 

AI model achieved a high accuracy rate of 90.12% in classifying seven different emotional 

states, demonstrating its potential for real-time emotion recognition in educational 

settings. However, the study also found a 39% overlap between AI-determined emotional 

states and self-reported emotions. This finding emphasizes the need for a multifaceted 

approach to emotion measurement, integrating both advanced AI techniques and 

traditional self-report tools to more comprehensively understand students' emotional 

experiences. The results highlight the challenges and opportunities in combining 

technology with educational assessments and suggest directions for future research in 

improving emotion detection methodologies and their application in online learning 

environments. 

Keywords: Emotions, Sentiment Analysis, Artificial Intelligence, Online Learning, Self-

Report 

 Received: 12.02.2024   

Accepted: 22.07.2024   

Available Online: 25.07.2024 

Bihter Daş1  
Müzeyyen Bulut Özek1*

Oğuzhan Özdemir1  

1 Fırat University, Balıkesir, Türkiye, 
bihterdas@gmail.com, 
muzeyyenbulut@gmail.com, 
oguzhanozdemir@gmail.com 

*Corresponding author

https://orcid.org/0000-0002-2498-3297
https://orcid.org/0000-0001-7594-8937
https://orcid.org/0000-0002-5310-6605


Bihter Daş, Müzeyyen Bulut Özek, Oğuzhan Özdemir 

251 

When the literature is examined, several key areas of research can be identified. One area explores the 

effects of technology-enriched environments (Imani & Montazer, 2019; Lacave et al., 2020). Another 

focuses on how certain features of these environments impact students' emotions (Peng & Xu, 2020). 

Additionally, there are studies on the effect of emotions on the use of self-regulation strategies (D'mello 

& Graesser, 2013; Taub et al., 2020). Finally, research has been conducted on how students' emotions 

change during the lesson (Sarrafzadeh et al., 2008; Tonguç & Özkara, 2020; Hasnine et al., 2021). 

However, recent studies in education have emphasized the critical role of emotions in decision-making, 

timing, and managing learning activities (Zembylas, Theodorou, & Pavlakis, 2008; Yadegaridehkordi vd., 

2019; Chevalère et al., 2023; Sydänmaanlakka et al., 2024; Yuan et al., 2024), and increasing the 

motivation of students in learning (Bouhlal, et al., 2020). It has been stated that cognition, motivation, 

and emotion, which have very interconnected structures in the learning process, are handled one by one 

in research, and especially emotion is the least studied component (Öztüre et al., 2021). However, 

research showed that there are connections between these groups such as success-emotions (Putwain, 

Becker, Symes, & Pekrun, 2018), emotions-learning strategies (Imani, & Montazer, 2019; Obergriesser 

& Stoeger, 2020), motivation-emotions (Martínez, et al., 2016), and emotions-commitment (Gömleksiz 

& Kan, 2012). Aleven, McLaughlin, Glenn, and Koedinger (2016) argued that emotional attributes 

represent student characteristics that must be taken into account when designing adaptive online 

learning environments. Berikan (2020) stated that a lecture design that allows the use of emotions 

should be made to ensure social presence associated with teacher-learner interaction in online learning 

environments. Arzugül-Aksoy, Bingöl, and Bozkurt (2022) argue that emotions are one of the indicators 

of social existence that contribute to the formation of a meaningful learning experience. 

As investigations into the impact of emotions within technology-enhanced learning environments on 

the learning process persist, it is argued that there is a need to understand how to design technologies 

to regulate emotions, especially in research during the pandemic (Graesser, 2020). In this context, the 

first requirement will be to determine the student's feelings. Scherer (2005) argues that when 

measuring emotions, one's self-report should be relied upon. However, Öztüre et al. (2021) stated that 

great advances have been made in neuroscience research on facial expression indicators, physiological 

indicators, and brain activity analysis, and these developments may contribute to studies on emotion. 

In addition, Eliot and Hirumi (2019) described the use of mostly self-report data collection tools as a 

limitation in determining emotions.  The complexity of defining and measuring emotions in the 

educational context, given the intricate relationship between emotion and technology, has led to the use 

of various measurement approaches in research. Previous studies have utilized physiological 

measurements to assess emotions (Chandra & Calderon, 2005; Castro et al., 2009; Khezri et al., 2015; 

Mayer, 2020). Additionally, video and face analysis have been employed to determine emotions 

(Yoshitomi et al., 2000; Nicolaou et al., 2012; Taub et al., 2020; Wang et al., 2020; Schneider et al., 2022). 

Artificial intelligence-based methods such as deep learning and machine learning have been used by 

various researchers for emotion identification from facial expressions. Artificial intelligence, which is 

called self-developing systems or machines that imitate human intelligence and can learn according to 

the information they collect, aims to create a more effective learning ecology in learning environments. 

Moreover, it facilitates the advancement of the learning process by enabling the collection, processing, 

reporting, and extraction of meaningful insights from big data within the digital environment. With the 

widespread utilization of artificial intelligence methods in education systems, it is easier to detect the 

motivating or distracting element based on physical or behavioral clues that motivate and distract 

students. Studies called sentiment analysis aim to determine the general emotions from facial 

expressions in Figure 1 using artificial intelligence techniques. 
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Figure 1 

Examples of Seven Facial Expression Categories 

In recent literature, there has been a noticeable increase in studies conducted after 2019, with a 

preference for deep learning methods over machine learning. This preference stems from the ability of 

deep learning algorithms to learn and make accurate predictions through their data processing, 

facilitated by the artificial neural network structure, enabling automatic feature extraction (Maithri et 

al., 2022). For instance, Sakalle et al. (2021) and Savci and Das (2023) utilized the long short-term 

memory (LSTM) network to classify three basic emotions: positive, negative, and neutral. They 

compared the performance of various models including K-nearest neighbors (KNN), Multilayer 

Perceptron (MLP), LIB-Support Vector Machine (LIB-SVM), Support Vector Machine (SVM), and LSTM-

based deep learning models for classification, achieving an impressive accuracy performance of 92.66% 

with 10-fold cross-validation. 

Similarly, Chen et al. (2019) applied the Difference Convolution Neural Network (DCNN) approach on 

CK+ and BU-4DFE datasets to classify six basic facial expressions, demonstrating promising 

performance. Furthermore, Muhammad & Hossain (2021) proposed an emotion recognition system 

utilizing a convolutional neural network (CNN) model from facial expressions. Additionally, studies by 

Devi & Ch. (2021), Chowdary et al. (2021), Do et al. (2021), Li & Lima (2021), and Said & Barr (2021) 

employed deep learning approaches to accurately determine emotions from facial expressions, 

achieving accuracy rates exceeding 95%. 

In the existing literature, there are limited studies analyzing facial expressions to evaluate the efficacy 

of online learning systems and students' level of engagement in learning environments. This gap 

highlights the need for further research in this area to better understand how students interact with and 

benefit from online learning platforms. By analyzing facial expressions, researchers can gain valuable 

insights into students' emotional states and engagement levels, which are crucial for improving the 

effectiveness of online education. Sethi and Jaiswal (2022) conducted a study where they classified 

students' facial images during lectures as "Understanding" or "Not Understanding" using a 

Convolutional Neural Network (CNN), Support Vector Machine, and Naive Bayes. Their findings suggest 

that deep learning methods like CNN may offer better performance in classifying facial images compared 

to other machine learning techniques such as SVM and Naive Bayes. Furthermore, Kaddoura and Gumaei 

(2022) developed a deep learning model to predict student critical behavior continuously from facial 

expressions, aiming at real-time cheating detection during online exams. Maqableh et al. (2022) 

introduced a deep learning-based approach that utilizes facial expressions and heart rates to gauge 

students' engagement levels in learning environments. Lyu et al. (2022) proposed an automatic facial 

expression recognition method with transfer learning based on regional attention networks (RAN) to 

mitigate the impact of hand occlusion in students who inadvertently cover parts of their faces during 

online learning sessions. Their approach achieved an accuracy rate of 89% with the proposed 

architecture. Lastly, Bhardwaj et al. (2021) assessed student engagement in the online learning 

environment by analyzing facial expressions using CNN and calculating the average interaction score. 

Their study underscores the significance of emotion detection in determining student engagement 

during online learning sessions. 
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According to the findings derived from existing studies, it is evident that emotions play a crucial role in 

the learning process. This research endeavors to delve into the emotions experienced by students 

during lectures and, consequently, their engagement in online learning environments. Therefore, the 

main contributions of this paper include: 

• To obtain quantitative data by designing an artificial intelligence model that can understand the

emotions of students during the lesson

• Comparison of self-report methods commonly used in educational sciences and artificial

intelligence methods such as deep learning to determine the emotional states of students' facial

expressions. To our knowledge, this comparison represents the first attempt to determine

emotional states in this manner.

In this research, the answers to the following questions will be answered based on the deep learning 

and face recognition measurement approach, which is one of the artificial intelligence approaches: 

1. Which emotional states can be detected from the facial expressions of the students?

2. Do students' emotional states determined by face recognition match their self-reports?

2. Method

In this study, we investigated the emotional states of students to assess their engagement and 

motivation during an online lecture, where direct interaction between teachers and students is limited. 

To achieve this, we employed a two-pronged approach combining facial expression analysis with self-

reported emotions. During the online lectures, students were encouraged to voluntarily turn on their 

cameras. Facial images were captured at 10-minute intervals to form a comprehensive dataset. This 

dataset included a range of facial expressions and hand movements, captured from various angles to 

enhance the robustness of our analysis. The facial images were then processed using a Convolutional 

Neural Network (CNN), a deep learning model known for its effectiveness in image classification tasks. 

Seven distinct emotional states—surprise, sadness, disgust, happiness, anger, fear, and neutral—were 

identified through the CNN model. To complement the facial expression analysis, students' emotional 

states were also evaluated using a self-report method. Students filled out a mood analysis form where 

they described their emotions during the lecture and provided reasons for their feelings. This self-report 

data provided an additional layer of insight into students' emotional experiences. The comparison of 

results from the CNN model and self-report forms allowed for a comprehensive analysis of students' 

emotional states. The CNN model's output was compared with the self-reported emotions to determine 

the level of agreement and discrepancies between the two methods. This approach highlights the 

potential of integrating advanced AI techniques with traditional self-report methods to gain a deeper 

understanding of emotional states in educational contexts. Figure 2 illustrates the block diagrams of the 

deep learning-based approach utilized in this study. 

Figure 2 

The Block Diagram of the Deep Learning-Based Model 
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2.1. Participants 

The study involved 66 students (26 males and 39 females) from three distinct departments—

Psychological Counseling and Guidance, Educational Technologies, and Science—at a state university in 

the eastern region of Turkey during the 2021-2022 academic year. This diverse participant pool was 

strategically chosen to enhance the study's generalizability and to provide a well-rounded perspective 

on student emotions and engagement in digital learning environments. Before the commencement of 

the study, participants were briefed on the research objectives and procedures, and all necessary ethical 

approvals were secured from the university's ethics committee. The participants were selected to 

represent a diverse cross-section of students to ensure a comprehensive understanding of emotional 

responses in online learning environments.  

2.2. Data collection and analysis 

Data collection and analysis were carried out using a two-pronged approach to comprehensively 

evaluate students' emotional states during online lectures. These are: 

• Facial Image Analysis: The primary method involved the systematic collection of facial images

from students during the online course. To capture a representative sample of students'

emotional expressions, images were taken every 10 minutes throughout the lecture. This

approach aimed to observe real-time changes in students' emotional states. Facial images were

captured using screenshots from the online learning platform, with careful consideration given

to various angles and positions to account for head movements and different viewing

perspectives. The images were preprocessed to improve quality, including normalization and

resizing to 48x48 pixels to reduce noise and distortion. The preprocessed images were then

analyzed using a deep learning-based model, specifically a Convolutional Neural Network (CNN)

with transfer learning. The CNN model, designed to detect seven distinct emotional states—

surprise, sadness, disgust, happiness, anger, fear, and neutral—provided a quantitative

assessment of students' emotions based on their facial expressions.

• Self-Report Analysis: Complementary to the facial image analysis, students were also asked to

self-report their emotional states using a mood analysis form administered during the lecture.

This form required students to indicate their current emotional state—such as happiness,

sadness, anger, surprise, or any other relevant emotion—and provide a brief explanation for

their feelings. This self-reporting method aimed to gather subjective data on students' emotions,

allowing for a comparative analysis with the objective data obtained through facial expression

analysis.

2.3. Deep learning-based model with transfer learning 

Images of participants displaying various facial expressions were captured via screenshots. The 

objective was to analyze students' behavior and mood during e-learning sessions based on their facial 

expressions. The experiments lasted for a total duration of 75 minutes, with snapshots of the students 

taken every 10 minutes. As illustrated in Figure 3, students' heads are not consistently straight, and their 

eye movements vary. 
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Figure 3 

Facial Expression with Hand Movements and Head Variations Captured Between 10 Minutes Intervals 

It is observed that the students' heads move unevenly with their eyes, and sometimes they cover their 

mouths with their hands. These hand and eye movements may indicate that students are less interested 

in the lecture or are bored with e-learning. In order to provide more accurate training, these photos of 

students were also included in the training phase. It has also been preprocessed to improve the quality 

of the images and remove unwanted noise and distortion. In the preprocessing, the image was reduced 

to 48x48 size and normalized.  

The Convolutional Neural Network (CNN), often regarded as the fundamental architecture of Deep 

Learning, comprises Convolution, Pooling, a Fully Connected layer, and a Classification layer. This model 

consists of multiple trainable components arranged sequentially and is followed by a training classifier. 

In the CNN architecture, the training process entails layer-by-layer operations after receiving input data. 

Subsequently, an output is generated and compared with the expected result. The disparity between the 

produced output value and the desired outcome yields the error, which is propagated to all weights 

through the backpropagation algorithm. To minimize this error, the weights are updated iteratively. 

CNN has gained widespread adoption in computer vision applications in recent years. Transfer learning, 

a machine learning technique, involves reusing a model trained for one task in a related secondary task. 

With transfer learning, a base network trained on a large dataset is utilized, and in layers of this trained 

network are replicated as n layers of the target network. In pre-trained networks, the initial layer 

detects horizontal and vertical lines, while subsequent layers concentrate on features like edges and 

vertices. These networks specialize in specific image features in the final layers. Figure 4 illustrates the 

CNN architecture with transfer learning, while Table 1 provides a summary of the CNN model's layers 

and the parameters within these layers. 

Figure 4 

The Used CNN Architecture 
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Table 1 

The Parameters of the CNN Model 

Layer (type)  Output Shape       Param # 

conv2d (Conv2D)      (None, 46, 46, 64)      640 

batch_normalization 

(BatchNo) 

(None, 46, 46, 64)      256 

activation (Activation) (None, 46, 46, 64)     0 

conv2d_1 (Conv2D) (None, 44, 44, 64)    36928 

batch_normalization_1 (Batch (None, 44, 44, 

64) 

   256 

activation_1 (Activation) (None, 44, 44, 64)    0 

max_pooling2d 

(MaxPooling2D) 

(None, 22, 22, 64)    0 

dropout (Dropout) (None, 22, 22, 64) 0 

conv2d_2 (Conv2D) (None, 20, 20, 32) 18464 

batch_normalization_2 (Batch (None, 20, 20, 

32) 

      128 

activation_2 (Activation) (None, 20, 20, 32)        0 

conv2d_3 (Conv2D) (None, 18, 18, 32)        9248 

batch_normalization_3 (Batch (None, 18, 18, 

32) 

       128 

activation_3 (Activation) (None, 18, 18, 32)  0 

conv2d_4 (Conv2D) (None, 16, 16, 32)  9248 

batch_normalization_4 (Batch (None, 16, 16, 

32) 

 128 

activation_4 (Activation) (None, 16, 16, 32)   0 

max_pooling2d_1 

(MaxPooling2) 

(None, 8, 8, 32)   0 

dropout_1 (Dropout) (None, 8, 8, 32)   0 

flatten (Flatten) (None, 2048)   0 

dense (Dense) (None, 128)   262272 

batch_normalization_5 (Batch (None, 128)   512 

activation_5 (Activation) (None, 128)   0 

dropout_2 (Dropout) (None, 128)   0 

dense_1 (Dense) (None, 7)   903 

activation_6 (Activation) (None, 7)   0 

2.4. Mood analysis form 

The mood analysis form was designed to collect students' self-reported emotional states during the 

lecture. Students then reported their emotional state from a list of categories including happiness, 

sadness, anger, surprise, fear, disgust, and neutrality in addition to the personal information of the 

students. Additionally, they provided a brief explanation or justification for their chosen emotion, 

offering context or reasons behind their feelings. This form aimed to complement the facial expression 

data collected through the deep learning model, providing subjective insights that facilitated a 

comparative analysis with the objective data. 
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3. Findings

This section presents a comparative analysis of the study's findings, focusing on the effectiveness of 

various artificial intelligence techniques used for facial expression analysis and emotion recognition, as 

well as the accuracy of self-report emotion detection. The findings encompass the performance of the 

deep learning-based artificial intelligence model in detecting students' emotional states from facial 

expressions and compare these results with the students' self-reported emotions recorded through the 

mood analysis form. The analysis aims to highlight discrepancies and correlations between the AI-

generated data and self-reports, offering insights into the strengths and limitations of each method in 

the context of online learning environments. 

3.1. Detection of emotional states from facial expressions of students 

In this study, students' emotional states were determined to determine their interest and motivation in 

online learning environments. The dataset is partitioned into 80% for training, 10% for validation, and 

10% for testing purposes. Figure 5 depicts the loss and accuracy curves of the CNN model. In the study, 

seven different emotional states of the students were found with an accuracy value of 90.12%. There 

are many ways to measure the performance of the system in classification problems with deep learning. 

Accuracy and loss functions are among the most popular metrics. While accuracy quantifies the 

frequency of true predictions made by the classifier, the loss function assesses the error rate and 

performance of the model. This function computes the disparity between the model's prediction and the 

actual value, providing insight into the magnitude of deviation between them. Our study predicted seven 

different emotional states of the students with 90.12% accuracy. 

Figure 5 

The Loss and Accuracy Curves 

During digital data collection, the fluctuation of students' emotions throughout the lecture was observed 

and recorded. Figure 6 shows the change in students' emotions during the 10-minute intervals of the 

lecture. Figure 7 shows the classification score of the emotional state for a sample student's facial 

expression. 
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Figure 6 

The Change in Students' Emotions During the 10-Minute Intervals of the Lecture 

Figure 7 

The Emotion Classification Score of a Sample Input 

3.2. Comparison of students' emotional states determined by face recognition and self-reports 

In this step of the research, the quantitative data (emotional states) obtained with the deep learning-

based artificial intelligence model were compared with the self-reports of the students as seen in Figure 

8. For example, the student indicated with S1 stated in his/her self-report that he/she was generally sad

in the course, surprised during the use of Web 2.0 tools, and did not feel afraid, angry, bored, or happy.

It was determined that the self-report of this student and the data obtained with the artificial

intelligence model did not match as seen in Table 2. As a result of the comparison, some of which are

given in Table 2, it was determined that the self-reports of 26 students out of 66 students matched,  but

the quantitative data of the remaining 40 students did not match. This corresponds to approximately

39% of the students.
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Figure 8 

Example of a Student's Emotional State as Determined by Facial Recognition and Self-Reports 

Table 2 

Comparison of Artificial Intelligence Model and Self-Report Emotional State 

Students Emotion Detection with AI Emotion Detection with 

Self-report 

Match or 

not 

S1 0.8 Happy, 0.2 Neutral Sad No 

S2 0.9 Happy, 01. Neutral Neutral No 

S3 0.7 Neutral, 0.2 Sad, 0.1 Fear Neutral Yes 

S4 0.6 Sad, 0.4 Neutral Happy No 

S5 0.8 Neutral 0.2 Happy Neutral Yes 

S6 0.6 Neutral, 0.3 Suprised, 0.1 Fear Neutral Yes 

S7 0.7 Sad, 0.1 Neutral, 0.2 Fear Happy No 

S8 0.9 Happy, 0.1 Neutral Fear No 

S9 0.4 Sad, 0.6 Neutral, 0.1 Fear Neutral Yes 

S10 0.8 Neutral, 0.2 Fear Neutral Yes 

S11 …………….. ……………….. ……… 

…….. …………….. ……………….. ……… 

4. Conclusion and Discussion

This research aims to determine the emotional states of students with the deep learning-based artificial 

intelligence model designed during an online course and to compare the obtained quantitative data with 

the self-report measurement method, which is frequently used in educational sciences. In the artificial 

....
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intelligence model developed to determine the emotions of the students during the course, a 7-class 

emotion detection experiment was carried out by using the Convolutional Neural Network, one of the 

deep learning models. When the studies in this field are examined, it is seen that data sets such as CK+, 

FER2013, and JAFFE are generally used in mood detection, and the performance of the system varies 

according to the dataset and deep learning models used. The reason for this is that the number of images 

in each emotion category varies between data sets. In addition, the performance of the system was 

affected by hyperparameters such as learning rate, hidden layers, iterations, and the selection of the 

activation function.  Moreover, advancements in deep learning models and hyperparameter tuning play 

a crucial role in enhancing accuracy. In the Hua (2019) study, the emotion recognition study using the 

FER2013 dataset, 62.31% accuracy was achieved with the VGG19 model. Agrawal and Mittal (2020) 

achieved 65% accuracy using the CNN method on the same dataset. Liu et al. (2016) obtained 65.03% 

accuracy using the CNN-ensemble model. 

In the CK+ dataset, Boughida et al. (2022) obtained an accuracy of 94.26% with the Gabor filter and 

Fallahzadeh et al. (2021) had 93.66% accuracy using AlexNet. Jaiswal and Nandi (2020) used the CNN 

method for the JAFFE dataset. They achieved a success performance of 64.32%. Hung et al. (2019) 

obtained an accuracy of 84.66% using VGG16 method. These variations underscore the importance of 

dataset selection and model customization in achieving high performance in emotion recognition tasks. 

In the study, instead of using ready-made data sets, a real data set was created by receiving facial images 

of the students at certain intervals of the course. This approach allowed for the collection of authentic 

and context-specific data, providing insights into real-world application challenges. With the CNN-based 

transfer learning model, the image classification performance was improved by using deep features, and 

a successful performance of 90.12% was achieved despite the small data set. The high accuracy 

demonstrates the potential of combining transfer learning with domain-specific data to enhance 

emotion recognition in educational settings. 

The research findings revealed that there was a 39% overlap between the emotional states determined 

by artificial intelligence and those reported by the students themselves. This relatively low overlap 

suggests that while AI-based models can provide valuable insights, they may not fully capture the 

subjective nature of emotions as self-reports do.  The determined rate is quite low. For this reason, 

although self-report measurement tools are accepted as reliable in the literature, it is thought that there 

is a need for diversity in data collection tools. However, upon reviewing the literature, it has been found 

that the majority of self-reported measurements in the field of education, particularly in the 

measurement of emotions, are conducted using instruments such as scales and questionnaires. 

Combining multiple data collection methods could offer a more comprehensive understanding of 

students' emotional states. Although Sherer (2005) emphasized the subjective aspect of emotion and 

stated that self-report should be trusted, he also stated that great progress has been made in 

neuroscience and artificial intelligence research and that these developments can contribute to studies 

on emotion. Öztüre, et al., (2021), argue that the relationships between emotion and technology in the 

educational context are multifaceted and this situation complicates the process of defining and 

measuring emotions. 

This study contributes to the literature by integrating emotion and technology within the educational 

field, offering a new perspective on emotion recognition and its application in online learning 

environments. Mayer (2020) and Graesser (2020) specified that there is a need for research in the 

literature on how technologies should be designed to make sense of the cognitive and emotional 

processes during learning. 
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4.1. Limitations and future research 

Recognizing emotions from facial expressions poses a significant challenge, as individuals may exhibit 

various emotions through the same facial expression. Open datasets available for emotion recognition 

are often insufficient and lack diversity. To improve the effectiveness of emotion recognition, a wider 

variety of data formats are required for training in deep learning models. Additionally, capturing facial 

expressions from multiple angles is essential for obtaining more accurate and reliable results. In the 

study, photographs of students at different moments and angles were taken during the course and their 

emotional states were determined from these photos. When the light conditions in the images change, 

the facial appearance can change, which greatly affects the results. In addition, occlusion, which is the 

situation where a certain part of the face is not visible or hidden, is one of the factors that cause the 

system to fail. It was observed that the students mostly covered their chin, mouth, or cheeks while 

listening to the course, which negatively affected the performance of the artificial intelligence trying to 

detect facial expressions. The limitations stemming from the quality of camera equipment and 

variations in the distance of students from the lens pose challenges in accurately capturing facial 

expressions in images. Additionally, the study's dataset is restricted to only 66 students, which limits 

the generalizability of the results. Future studies will aim to address this limitation by including larger 

and more diverse groups to enhance the robustness and generalizability of the findings. In addition, they 

could explore the integration of multimodal data, combining facial expressions with other indicators of 

emotional states, such as physiological measurements or behavioral data, to improve the accuracy and 

reliability of emotion detection in educational settings. 
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