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Abstract

Artificial intelligence (Al) has playved a crucial role in many fields of study, and its merits and demerits
have been investigated by related scholars. However, 1t seems a somewhat gray area when implementing
Al m teaching and learming. This could be mainly because Al developers know little about learning
varied sciences and they also lack pedagogical knowledge for implementing Al in teaching (Luckin &
Cukurova, 2019). Therefore, the current research aimed at gathering data regarding the online behaviors
of 21 Iraman EFL university students through installing an application on their mobile phones for a
period of eight days. Alterwards, the collected data were analvzed through Data Science methods and
varted patterns of behavior were recognized. The results exhibited that messaging and social media
applications are two great parts of the students’ life. Also, there existed some common patterns regarding
the applications students owned and the amount of ime they spent on them. As a small case in point,
the results of the study cannot be generalized: however, the outcomes highlight the proof that in an EFL
context, serious steps need to be adopted by course designers and stakeholders i order to cultivate a
greater and purposeful use of online learning applications, websites etc. among EFL university students
so as to enhance the teaching-learning process. This gains prominence because any Al-mediated learning
approach is believed to enhance students’ second/loreign language motivation as well as sell-regulation
m learning. Al is actually promising a revolution in the realm of language education.
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1. INTRODUCTION

Artificial Intelligence (Al) 1s a field of science which simulates human intelligence by writing
mtelligent computer programs to solve different problems. "Intelligence" includes the ability to learn,
reason, generalize and infer meaning (McCarthy, 2004). Al is like a comprehensive toolbox which
could help us solve a variety of problems. Usually, the Al algorithms are better in performance in
the case of accuracy and precision in comparison with many conventional methods. Al has one
subset which 1s called Machine Learning (ML). Machine learning 1s the ability of a computer
program to learn about a subject and after that act regarding what it has learned. It means for example
given the past events, the program could be able to guess the future, generalize and adapt itself with
new situations and information and eventually get better with practice (Haixiang et al., 2017).
Likewise, machine learning has one subset which 1s called Deep Learning (DL). Deep learning
methods are used for more complex problems like 1mage/video processing, voice recognition, text
recognition, etc.

Talking about the realm of teaching and learning, teachers’ experiences, attitudes, and interests
regarding Al can be a great facilitator or barrier for implementing Al in education. That 1s why
teachers are often referred to as “the most crucial stakeholders in Al-based teaching” (Clik, 2022).
Therefore, more attention must be invested on Al-based education from teachers’ perspective. As
one of the researchers i the current study is an expert teacher in the field of TEFL (Teaching
English as a Foreign Language), this pattern of thought invoked the researchers to probe the online
behaviors of Iranian EFL students in order to accumulate some preliminary information over how
university students use their data when they are online.

Additionally, delving into the concept of Al and education from learners’ perspective, it has been
proved that those who are aware of how to use Al and technology-based techniques in their language
learning, can eventually turn into independent learners who can put their learning anxiety and self-
regulation under control (Hsu et al., 2023). Therefore, teachers and students form both sides of the
continuum and any research regarding EFL students and teachers in the field of Al and education
could benefit both groups.

The study by Ling (2023), illustrates an mstance of research regarding Al-based education and the
EFL context. The researcher mvestigated the impact of Artificial Intelligence on English Language
achievement, 1.2 motivation and self-regulated learning and the outcomes depicted positive results
m the experimental group. Other educators have employed means of technology in order to create
virtual environments through which learners can actively engage mn the language learning process in
a facilitated way (Loncar et al., 2023; Nguyen & Le, 2023).

Regarding English language skills and sub-skills, the mnfluence of Al has also been probed. As a case
i point, a study by Hsu et al. (2023) assessed the effects of Al language learning tools on EFL
learners’ vocabulary knowledge through two groups of control and experimental, and the results
exhibited the outperformance of those who utilized Al tools for the sake of enhancing vocabulary
knowledge. Another similar study focused on investigating the same effect on EFL learners’ speaking
skills, and once again, there existed proof that Al wusers outperformed in speaking
proficiency(Junaidi, 2020). Considering the already discussed, to the best knowledge of the
researchers, no study in an EFL context has so far shed light on the extent to which EFL university
students use their time online and which patterns of online behavior they possess when they go
online. This 1s crucial because it provides a kind of prelimimary knowledge about the actual online
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habits of EFL learners/university students which helps to make sound educational decisions based
on the recognized patterns of behavior.

Chatbots, as an example of Al, have recently been used i education for purposes such as intelligent
tutoring and varied automated grading systems. Nonetheless, to the best knowledge of the
researchers, employing Al to locate the online behaviors of students in academic settings has not
been the center of any research so far. Additionally, quite a lot of the research regarding Al and
education merely focuses on systematic reviews/mini-reviews of the available literature, and few
empirical studies are traceable.

Moreover, regarding the importance of data science, it can be said that it 1s an interdisciplinary
academic field that uses statistics, scientific methods, and algorithms to explore the data and extract
knowledge and insights from it. Data science has different steps including framing the problem,
collecting the data, understanding the data, data cleaning, visualization and exploratory data analysis,
model building, evaluation, and deployment. There are different tools and methods for each of these
steps; Al algorithms are one of them. CRISP-DM (CRoss Industry Standard Process for Data
Mining) is one of the first and most famous data science standards for data science (Wirth et al.,

2000).

Therefore, to address these research gaps, the current study shed light on probing probable patterns
of the online behavior of Iramian EFL university students. Since Al-based education is yet under
development and way behind common expectations, the current research can be a contribution that
allows teachers and learners to participate in the process of designing, creating, developing and
mtegrating various Al-based educational programs and study patterns.

Accordingly, the scope of the study covered the following research questions and the outcomes are
discussed 1n the ‘results’ section:

RQ1. How much time do the participants usually spend on their phones?

RQ2. Which applications are frequently used by the EFL participants?

RQ3. What is the data usage of the participants while using their phones every day?
RQ4. How many different applications does each student have on his/her phone?
RQJ). Do the participants use any English-learning applications on their phones?

2. LITERATURE REVIEW
2.1 Al in Education

Clik et al. (2022) probed teachers’ use of artificial mntelligence applications and machine learning
methods for analyzing teachers’ data. They concluded that Al offers teachers varied opportunities
such as improved planning, implementation and assessment of their teaching. The authors also
concluded that teachers could have influential roles in the development of Al technology. Lastly, the
study singled out some of the challenges of applying AI methods in teaching practice.

Other research areas regarding the application of Al in education (Luckin et al., 2016) support the
1dea of personalization of the learning process as well as student collaboration. Profiling students’
backgrounds as well as monitoring their progress (Cohen et al., 2017; Gaudioso et al., 2012; Swiecki
et al., 2019) have also been the scope for other relevant research n the field.
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Another perspective has been centering around the issue that Al will soon replace teachers
classrooms. However, it sounds more reasonable to instead consider the opportunities and
additional support that Al can provide in order to strengthen the role of teachers (Hrastinski et al.,
2019). For instance, Al-based machines can help teachers perform their orchestrator role in the
learning and teaching process (Dillenbourg, 2013).

Chatbots which are one common means of Al, can be employed in the classroom setting for
developing learners’ language skills such as speaking, listening, reading and writing (Gayed et al.,
2022). Accordingly, the use of chatbots in university EFL settings has been the subject of some
studies (Klimova & Seraj, 2023). The core contribution of their study revealed the chatbot’s potential
mn applying and integrating the existing concepts in EFL teaching and learning including CEFR, mind
mapping, or self-regulatory learning theory.

Investigating how Al image recognition technologies and self-regulated learning can affect vocabulary
acquisition, self-regulation and learning anxiety in the language classroom was the focus of another
study by Hsu et al. (2023). The results of the study exhibited that the two groups of experimental
and control, did not have any significant difference regarding their learning anxiety and self-
regulation; however, the experimental group outperformed the control group with regard to their
vocabulary acquisition.

2.2 Analysis of Network Traffic Data

Spatiotemporal information extracted from the mobile wireless networks has been studied by Parwez
et al., (2017). Call Detail Record (CDR) of many end-users has been analyzed to find anomalous
behavior of mobile wireless network.

An analysis on mobile user data has been performed to understand users’ behavior based on
different parameters. The characteristics of data usage of different user groups during different time
mtervals have been compared with each other. It has been suggested by the authors that the result
of the analyzed mobile data could be used by the Mobile Network Operators (MNOs) i different
ways including new pricing mechanisms for data usage, efficient usage of network resources, dynamic
advertisement pricing, efficient social content caching scheme, and split billing. It 1s also mentioned
that research on social networks shows that users with social bonds have a corresponding mobility
behavior and interest in the content (Bulut et al., 2015).

It has been discussed by Verkasalo (2010) that precise mobile data of uses behavior and experience
1s needed for today’s development of products and promotion measures. A framework has been
developed which collects data at the users’ devices and analyzes it on their side.

The mobile traffic data of different users has been collected within a week by Yang et al. (2014). The
data has been studied from three aspects: data usage, mobility pattern, and application usage. Mobile
users were classified mto different groups, and their resource consumption was analyzed. It was
mvestigated that both the data usage and the mobility pattern are strongly linked to the user's access
to the applications. Also, the users have been clustered through their application usage behavior,
and the applications have been categorized by the manner in which they engage the users.

An empirical analysis on end-users' searches for information in the browser of mobile devices has
been done (Vojnovic, 2008). Focus of this study 1s on temporal dynamics, semantics, and topics of
queries. The users’ data has been collected over a week. It has been discovered that Human search
for information via mobile devices exhibits a spread of arrival time between requests that follows a
potential rule up to one day and declines exponentially thereafter.
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Patterns extracted from the network traffic data of large-scale cellular towers in an urban environment
have been explored (Xu et al, 2016). It has been claimed that by detecting and modeling the network
traffic patterns, the Internet Service Providers (ISPs) could customize the resource allocation
strategies and be more flexible, instead of applying the same old methods for each cell tower. It has
also been explained that the traffic of a cell tower 1s influenced by different parameters, such as time
of the day and location of the cell (residential, business, etc.).

A survey on applying deep learning methods for network traffic monitoring has been done (Abbasi
et al., 2021). As well, the challenges and open issues in this field were discussed. It was explained
that due to various reasons, network administrators are willing to evaluate a network, such as security
challenges, Quality of Service (QoS), and improving resource consumption. The authors describe
that there are two types of methods for analyzing the network traffic data: active methods for
analyzing the performance of a network online, passive methods for monitoring the network for
post-event situations like troubleshooting. Network traffic data could be monitored with Shallow
Packet Inspection (SPI) methods or with Deep Packet Inspection (DPI).

Predictive analysis of network traffic data has been done by Trinh et al. (2018). For this purpose,
Long Short Term Memory (LSTM) has been applied to the traffic data of an L'TE base station. The
authors mention that in order to satisfy the needs of applications which require Machine to Machine
(M2M) communications, the networks should be improved in terms of latency, capacity and context
awareness. To do so, it 1s needed to study and learn the traffic demands of the networks.

It 1s discussed by Trinh et al. (2017) that the difficulties of getting access to real mobile network data
are mainly because the network operators won’t release full datasets due to users’ privacy concerns.
The traffic data captured from an L'TE network using a sniffer was analyzed. The analysis shows the
temporal and spatial behaviors of different LTE cells. Also, a stochastic Markov Model to
characterize the traffic patterns in the network was created.

3. RESEARCH METHODOLOGY
3.1 Participants

Since the data collection procedure required participants to install an application on their phones to
keep a record of their online behavior, the consent of the participants was quite needed at the very
beginning phase of the research. Thus, convenient sampling was applied and prior to that, the
researchers thoroughly explained the purpose, importance, and the data collection procedure of the
study to a group of around 70 students. Afterwards, a list of the willing participants was prepared,
and data collection started accordingly. Also, the researchers confirmed that participants may seek
and catch up on the study procedure in case of any further interest or inquiry.

From among the 70 participants who attended the session for presenting the study design and
purpose, 21 Iraman EFL female and male B.A university students volunteered. Majority of them
were majoring in English Language Teaching and Englsh Language Translation studying at
Khorasan Institute of Higher Education, and Imam Reza University, Mashhad, Iran. Their ages
ranged from 18 to 25. Their English language background was 2 to 5 years.

3.2 Instrumentation

Regarding the data collection, the researchers needed a concise record of the online activities of the
participants for a period of eight days. For this purpose, one mobile application (PCAPdroid) was
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opted. PCAPdroid 1s a privacy-friendly open-source application that tracks the network trafhc data
in Android phones'. The application and its efficiency for data collection was previously assessed by
the researchers.

T'o help the participants install and use the application properly, a short audio-visual video clip was
prepared and sent to the participants via a Telegram group. The participants received a reminder to
turn on the app every morning and turn it off at night. This process lasted for 8 days from 08.04.2023
till 15.04.2023. The app recorded their daily network traffic data and provided a .PCAP format
dataset. Maintaining normal, routine-based online behavior was highly recommended to the
participants.

Once the eight-day data recording through the application was over, the participants were asked to
send the output of the application via the Telegram group to the researchers for further data analysis.
After that, Wireshark® was used to convert the .pcap data into .csv for further data analysis with
Python. Python libraries for data science mcluding pandas, NumPy and scikit-learn and also Al
method Clustering were employed for analyzing the collected data.

3.3 Study Limitations

Considering the Iimitations of the study, two aspects need to be mentioned. Firstly, since the data
collection required the direct access of the researchers to the participants, students who took part in
the research were mostly those studying at two unmiversities in Mashhad, Iran: Khorasan Institute of
Higher Education and Imam Reza International University. There existed few participants from
other universities; however, the number was not significant.

Moreover, the serious internet restrictions in Iran, which oblige participants to use VPN every single
time they want to connect to some platforms such as U tube, Instagram and some other non-local
apps or websites, put the online behaviors of the Iranian participants under its partial influence. As
a result, the online behavior of the students could have been a little more different if such limitations
and restrictions did not exist.

In addition, PCAPdroid 1s an Android application and does not have an 108 version. Additionally,
to the best knowledge of the researchers to this date, there is no application for capturing the network
traffic data which works on both Android and 10S. And because the Android phones are more
common, it was decided to stay with the Android version. This caused some drop-out in the original
number of voluntary participants (around 10 students were removed from the range of participants
and the final data was collected from 21 participants).

3.4 Data Analysis

The researchers employed JupyterLab as a platform for programming with Python. Using pandas,
NumPy, scikit-learn and Matplotlib, the collected data was analyzed and some overall iteresting
patterns in the data were detected including:

e  Majority of the participants mostly used similar applications, which means there were some
apps that were common in every cellphone and also favored by all participants.

" https://github.com/emanuele-f/PCAPdroid
* https://www.wireshark.org/
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e Students spent most of their time online using social networks: Instagram stood at the top.
Messaging apps stood in the second place of the spent time (WhatsApp and then Telegram).
And the third place belonged to the streaming apps like YouTube.

e Another observation was that the participants consumed more network traffic data on
Saturday (which 1s the first day of the week in Iran)

However, the results for each of the research questions are discussed respectively hereafter.

4. RESULTS
4.1 Activation Time of the Applications and Applications Categories Used by the EFL Participants

The outcomes for the first two research questions are depicted in Table 1 and Figures 1 and 2. One
of the early assumptions was that students i this age range might have many games on their
cellphones and spend a lot of time playing; however, to the researchers' surprise, this was not the
case and only few students had few games on their cellphones, and they didn't spend much time on
them in comparison to other applications.
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Figure 1. Activation Time of the Applications
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Table 1: Applications which were activated the most

App Name Time (Minutes)
Istagram 9676.758707
‘WhatsApp 5624.028766
Google Play Service 5186.1539
Telegram 5082.778435
Google 4405.837891
Google Play Store 2729.959344
YouTube 2597.952032
netd 2401.794334
Meta Services 1769.699063
Lantern 1578.619766
Snapchat 1410.583053
Android 1082.266138
GPS 1039.130547
Chrome 667.096122
Soroush+ 529.48733
msa 484.440071
Xiaomi service fram 469.648904
Root 464.537042
Translate 371.996087
Samsung Internet 332.341615

Fig. 1 shows which apps have been used and how much time has been spent on them in the whole
target group. Table 1 displays the top 20 apps which were used widely. Instagram has been used the
most frequently and 1s on top of the list with great distance from the others. WhatsApp, Telegram
and YouTube are also among the top 7 used apps. In addition, Google-related apps were activated
very often too. Fig. 2 elaborates a clustering of distribution of different categories of applications
students used during the data collection period.

mmm Other Apps, 27.7%
Operating System, 15.9%
Samsung/Xiaomi, 9.5%
VPN, 6.4%

Game, 6.4%

Messaging Apps, 6.1%
Google Services, 5.1%
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Social Media, 3.0%

Music Player, 2.7%
Microsoft Services, 2.4%
Video Streaming, 2.0%
Internet Browser, 1.7%
Trading Apps, 1.4%
Navigation, 0.7%

Online Banking, 0.7%

Figure 2. Applications Categories
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As Fig. 2 illustrates, each category consists of different number of applications. There are 17 different
categories In total. Some categories like “Operating Systems”, “Samsung/Xiaomi”, and “Google
Services” are mostly the applications which were not used by the students, but they are the ones
running in the background of the phone. 27.7% of the applications are in the category “Other Apps”.
These were the applications which were not easy to assign to a special category. For example, weather
app, pdf creator app, etc.

“Operating System” was the second biggest category and contained 15.9% of the applications. Also
“Samsung/Xiaomi” contained 9.5% of all the categories. 3.7% of the applications belonged to the
“Unknown” category. This means that the PCAPdroid could not recognize them. It 1s usually due
to the bad internet connection.

“VPN” took 6.4 percent of the categories. This 1s a proof to the fact that though internet status in
Iran 1s under severe restrictions, the youth are determined enough to stay connected to the online
world! Once again, reference can be given to Table 1 which shows the top 20 apps which were
activated the most among all the participants. The time has been given by minutes. Here, it 1s
revealed that there are some apps which belong to the operating system and they were activated for
a great amount of time. These are the apps that users do not use actively, but they run on the
background of the operating system.

4.2 The Data Usage of the Participants while Using their Phones Every Day

The results regarding the third research question are elaborated in Figure 3.
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Data Usage

2x10°%
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Week Days

Figure 3. Darly Network Traftic Data Usage.

Figure 3 reveals the daily network traffic data of all the students. It 1s observed that students
consumed the most amount of data on both Saturdays which 1s the first weekday in Iran. Also, the
data consumption was the least on Sunday.
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4.3 Number of Applications Used

The data analysis regarding the fourth research question 1s depicted in Fig. 4.

Number of Used Apps

0 5 10 15 20
Student ID

Figure 4. Number of Applications used by each Student

Fig. 4 reveals that the number of applications each student used during the time their network traffic
data was captured, embraced a wide range, between 20 to 87 applications in total. There were 296
different applications used by all the students in total throughout this study which puts forward the
assumption that EFL university students have the habit of managing many of their educational and
private affairs of their life online and through remote means.

4.4 English Learning Assistant Applications used by the Students

The results regarding the last research question are illustrated in Fig. 5.
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Figure 5. English Learning Assistant Applications used by the Students
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Fig. b illustrates the different English learning assistant applications used by the participants. There
existed 13 applications used m total. There did not exist many commonalities among the used
applications, except for one which is called “TahlilGaran” which i1s a comprehensive dictionary
available on both offline and online formats. This application was used by 10 students. In general,
four of the students did not have any English learning applications. Fight of them owned one English
learning application. Eight participants had two of such applications. And one student had three
English learning applications. Considering the 21" century needs and evolution in language learning
which 1s taking place both in online and offline modes, the results depict that more investment has
to be observed by policy makers in general and EFL teachers in particular, regarding the design of
more online-oriented learning habits for EFL students.

5. DISCUSSION

In this research, the wireless network traffic data of 21 EFL university students within 8 days was
collected. Different data science and Al methods were used in order to visualize and analyze the
data. Different patterns regarding the number and kinds of applications which the students had used
and also the amount of time they spent on their phones were detected.

This study revealed that in the target group, most of the students already use at least one learning
assistant application. This, along with the amount of time they spend on their phone shows that they
are familiar with such applications, and they are motivated to use them. Additionally, this research
exhibited that data science approaches and especially AI methods could be extremely helpful to
understand students’ online behaviors. It could extract useful patterns and reveal insightful
mformation about learners. This 1s supported by other similar researches in the field. In his study,
Utami et al., (2022), probed pattern recognition in online learning and asserted that pattern
recognition can be applied in the non-verbal aspect assessment system of teaching skills.

According to the revealed outcomes, in an EFL setting and among EFL university students, there
are commonalities regarding the ‘day’ during which students used the most amount of data.
Moreover, some apps such as Instagram, WhatsApp, and Telegram were the most widely used
which stands for the fact that the online behavior and data usage of Iranian EFL university students
are largely centered around the purpose of dailly communication and social exchange. As also
supported by the results of the current study, it can be suggested that educational decision makers
such as textbook developers, university officials, teachers etc. should design engaging strategies
through which students as well as teachers spend as much time for study purposes and educational
reasons as they spend for social exchange. Specifically, in case such Al-driven apps or means of
learning can be run within the aforementioned social platforms. Such as using Instagram for learning
various English language skills or components through Al. Overall, there seems to be the vital need
for the use of technology and Al-based teaching and learning techniques i any educational context,
Iran 1s also no exception. This 1s mainly because teachers’ and students’ use of emerging technologies

can make a major contribution to the development of 21st-century practices in schools (Valtonen et
al. 2021).

To the best knowledge of the researchers, the results of all the studies carried out so far support the
use of computers and Al in any realm of education. However, the critical standpoint which has to
be given considerable attention, 1s the caution needed to be taken when designing or picking a
particular Al tool for learning language skills or language components. The issue lies in the fact that
countless number of apps and Al tools have recently flooded the field of English Language Teaching

Indonesian Journal of EFL and Linguistics, 9(1), 2024 109



Maryam Arabshahi, et al.

(ELT) and sticking to such tools and means does not always guarantee better language achievement
or better teaching quality. This means, careful needs analysis has to be carried out regarding what
learners are aimed to adopt, who they are, their individual differences, the content of the subject
matter, the ages etc. in order to witness a better integration of them 1in the field of English language
teaching and learning (Alhalangy & AbdAlgane, 2023; Marandi, 2011 ). This is mainly because,
following the fad, merely because it 1s available out there, does not necessarily label us as
professionals in the field of English language teaching or learning.

From a pedagogical standpoint, our study underscores the critical importance of cultivating
awareness, among both learners and educators, regarding the merits and demerits of technology,
particularly AI. Armed with such awareness, individuals can transform into independent, self-critical,
and self-regulated participants, actively steering and monitoring their own teaching and learning
processes. However, some aspects regarding the use of Al and technology within English teaching
learning context should consistently be considered, such as the ease, technical aspects, and flexibility
of such means (Utamui et al., 2022).

6. CONCLUSION

Comparing the use of Al in education to other fields such as business & medicine, there are still few
studies available. (Borges et al., 2020; Luckin & Cukurova, 2019). One of such reasons could be
because many decision makers such as teachers, educators and textbook publishers resist the use of
Al (EdTechXGlobal Report, 2016, as stated in Clik, L. et al., p. 619). Therefore, the results of the
conducted research can act as the groundwork for further research in the area. One of the highlight
outcomes of the study centers around the issue that though the participants used apps related to
learning English skills and components, greater investment on the part of EFL students for learning
English language skills and English components through means of Al have to be encouraged by EFL
teachers and educators. This has also been claimed by other researchers in the field. For instance,
Zhai and Wibowo (2023) reported that the use of Al in learning English as a Foreign Language
(EFL) can effectively improve university students’ English language skills such as reading, writing and
the listening abilities.

Moreover, there 1s enormous potential for research on various aspects of the students’ lifestyle which
could be studied. Data science could help analyze and evaluate students’ educational performance.
Machine learning methods could help predict their study results. Also, different tools could be
developed using Al methods which could help students through their study as a kind of peer or
supplementary source. In addition, teachers could also benefit from Al-driven tools and assistants
to help them with teaching and evaluating students.

The overarching implication of our study 1s the pressing necessity for the integration of technology
and Al-driven educational techniques, an imperative not exclusive to Iran but applicable globally. In
embracing emerging technologies, both teachers and students can significantly contribute to the
evolution of 21st-century educational practices (Abbasi et al., 2021).

In conclusion, our research not only unravels pertinent insights into the online behaviors of Iranian
EFL university students but also advocates for a paradigm shift in educational practices. The
judicious use of technology and Al stands as an mmperative for fostering a dynamic and adaptive
learning environment in the 21st century.
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7. FUTURE RESEARCH DIRECTIONS

The outcomes of the research could be advantageous for Al course developers and stakeholders in
that they can locate the educational needs and necessities of EFL university students and design
needs-based learning applications and tools which can be run through the online platforms that
students have the habit of using them daily.

Additionally, gathering data from larger groups of participants majoring in other fields of study and
drawing a kind of comparison among them would bring about thought-provoking insights for further
research.

Besides, research can focus on teachers as the core scope of educational settings. Their knowledge
of Al-based systems and strategies and their impact on students’ success can also be investigated.

Also, using machine learning and artificial neural networks could extract and learn different features
of students' online behaviors. These features could be for example the amount of time each student
spends on his phone, the share of time for each application category, if s/he uses any educational
applications, etc. Knowing so, the ML, model could be able to predict the educational performance
of the students.

Moreover, analyzing the role of learning-assistant applications mn the students' educational
performance could be studied using data science and Al methods. This could help know if those
applications help the students with the improvement or cause them time and stress.

In summary, the future research outlined here not only seeks to refine our understanding of Al in
educational contexts but also strives to make tangible contributions. These efforts aim to inform the
development of targeted interventions, enhance pedagogical strategies, and ultimately propel the
mtegration of Al into education to new heights.
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