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Abstract. The development of mobile applications increases educational aspects,
including the ability to perform the laboratory work. Mobile AR tools offer a simple and cost-
effective solution to help students to overcome the limitations of online education. However,
the number of articles exploring the benefits of using AR mobile applications in physics
lessons in schools is limited and absent in the Kazakh context. In addition, most experiments
use static or 2D images that reproduce limited. The article presents the results and process of
an experiment using the AR mobile application in physics lessons at the Lyceum school No.
85 in Astana. The use of interactive and dynamic 3D models improves student results in
teaching physics and positively influence the attitude of students to the introduction of mobile
applications in the courses. The results show significant improvements in the maintenance
and understanding of physical concepts compared to traditional teaching methods. The
experiment is not entirely intended to encourage the abandonment of laboratory devices, but
shows that mobile applications can be an effective alternative to a dangerous and expensive
laboratory environment and that such tools can be used to improve teaching in the natural
sciences. 58 students were selected from the 8th grade, divided into 2 groups according to the
test results. 2 days of experiments were conducted using traditional and mobile applications,
the results were analyzed and it was shown that the mobile application helped to increase the
level of learning.

Keywords: mobile application, AR, EdLab, education, school, physics
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AHHOTaIUs1. MOOWIIBTI KOCKIMIIIANIAP IBIH JaMYBI OUTiM Oepy acTeKTiIepiH, COHBIH
iImiHAe 3epTXaHABIK KYMBICTApABl OPBIHIAY MYMKIHIIKTEpiH apTThipyna. MoOmmsai AR
KYpaJIapbl OKyIIbUIapFa OHJIalH O11iM Oepy IIeKTeyJIepiH )KeHyTre KOMEKTECETIH KapanaibiM
JKOHE YHEM/II IICIiM YChIHAbL. Aaiina, mektentepe (husuka cabakrapbiaga AR MoOmibi
KOCBHIMIIIaJIapbIH MaliAaiaHyablH apThIKIIBUIBIKTAPbIH 3ePTTEHTIH MaKajlaJlap caHbl [IEKTeyi
xoHe Kazakcranaplk KoHTeKcTe kOK. COHBIMEH Karap, SKCHEPUMEHTTEPiH KOILIIiri
CTaTHKaJBIK HeMece 2D keckiHAepi maijanaHaasl, oJlap KOCBIMINA aKMapaTThl Kocnaif-aK
Oipzeii akmapaTThl KalTanaiabl. Makanana Acrana Kamackl Ne85 Mekren-nuiieitinae gpusrnka
cabakraperHnga AR MOOMIBAI KOCHIMINACHIH KOJIAHY apKbUIBI JKYPTi3iIreH 3KCIIEPUMEHT
HOTIDKENEpl MEH Ipoliecci KepceTired. VHTepakTHBTI jkoHe AWHAMHKANBIK 3D ynrinepai
nmaiijadany OKyIIbUIapAbIH (U3UKa OOWBIHIIA OKY HOTIDKENEPIH >KaKCApTATHIHBIH JKOHE
OKYIIBLTAPIEIH MOOHIIBI1 KOCEIMINIANIAP B cabak OapbICEIHA SHTI3yTe JIereH Ko3KapachklHa OH
ocep eTeTiHIH Kepcerenmi. HoTmkenmep IOCTYpii OKBITY OIICTEPIMEH CalbICTHIPFaHIA
(U3MKaNBIK TYKBIpBIMIaMalIapAbl CaKkTay MEH TYCIHYIeri alTapibIKTail jKakcapTyiapbl
KepceTrelli. DKCIIEPUMEHT TOJIBIFBIMEH 3€PTXaHANBIK KYPBUIFbLIApJIAH 0ac TapTyra YIiTTy
YILIiH apHaJMaraH, 6ipak MOOMIIB/I KOChIMIIIANAP KayilTi )KoHe KbIMOAT 3epTXaHalbIK OpTara
THiMal O0anmama 00J1a aNaThIHBIH JKOHE MYHAAH KYpalaapiabl jKapaThUIBICTaHy MOHICPiIH/C
OKBITY/IBl JKaKCapTFa JKOHE MOTHBALMSUIAPBIH apTThIpyFa MaljajnaHyra OOJIaThIHBIH
Kepcerelli. 8-ChIHBINTAaH 58 OKYIIBI ajbIHBIN, TECTTUIEY HATHXKeJepl OoiibiHINAa 2 TomKa
OeumiHim, qacTypii (opMmaTTa KoHE MOOHIIBAI KOCBIMINIA KOMEIIMEH OKYyIIbLIapMEH 2 KYH
KeJIeMIHE 3KCIIEPUMEHT JKYPTi3ii, HOTIDKENIEP TaJAaHBI, MOOWIBII KOCHBIMIIAHBIH OKY
JICHIeiiH KoTepyre KaHIIAMBIKTHL dCep STKCH T aHBIKTaIHI.

Tyiiin ce3nep: moomibai Kockimmma, AR, EdLab, 6iniM Oepy, mekren, pusnka
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AHHoOTanus. Pa3Butne MOOWMIBHBIX TPUIOKEHUN TOBBIIIAET 00pa30BaTEIHHBIC
aCTeKThl, B TOM YHCIIE BO3MOXXHOCTH BHINIOJHEHHS JabopaTopHBIX pador. MoOuibHEBIE
WHCTPYMEHTH AR mpemmararor mpocroe W 3KOHOMHYHOE pEIIeHHe, KOTOpPOe MOMOXKET
yYaIlmMcsl TIPEoJ0IeTh OTpaHUYEHHUS OHNIaifH-oOpa3oBaHus. OJHAKO KOJIWYECTBO CTaTeH,
M3YYAONINX TPEHMYIIECTBA HCIIONB30BaHUS MOOWIBHBIX TIpmioxkeHHH AR Ha ypokax
(U3KMKH B LIKOJAX, OTPaHUYCHO M OTCYTCTBYET B Ka3aXCTaHCKOM KoHTekcre. Kpome Toro, B
OOJIBIIMHCTBE SKCIIEPUMEHTOB UCTIONB3YIOTCS CTaTHUeCKHe Wi 2D-1300pakeHus1, KOTopbie
BOCIIPOM3BOJIAIT OJIHY U Ty ke MH(popMauuio 6e3 JoNoIHUTEIbHONH nHpopMalmu. B crarbe
NPE/ICTAaBICHBl PE3YJbTaThl M IPOLECC IKCIEPUMEHTa C HCHOJIb30BaHMEM MOOMIBHOTO
npwioxenuss AR Ha ypokax ¢wusuku B mkone-iunee Ne85 r.Acranbl. Mcnosip3oBanue
JUHAMUYECKUX M HHTEepaKTHUBHBIX 3D-Mosenell mokas3bIBaeT, 4TO Yydalluecs YIIydIIaloT
pe3ynpTaTel 0O0ydeHUsS (U3UKM W TOJOXHUTENBHO BIMAIOT Ha OTHONICHWE yYaIIUXCS K
BHEAPCHUIO MOOWIBHBIX NPWIOKEHHH B XOI 3aHATHH. Pe3ynbTaTel MOKa3BIBAIOT
3HAYUTEIbHBIC YIyYIICHUS B TOANCPKAHUU W TMOHUMAaHUH (U3INICCKAX KOHIICTIUH 110
CpPaBHEHHIO C TPAaTUIMOHHBIMH METOAaMH OOydYeHHUS. OKCIEPUMEHT TIOJHOCTBIO He
TpeqHa3HaueH I OTKa3a OT JIa0OPaTOPHBIX YCTPOWCTB, HO MOKA3hIBACT, YTO MOOWIHHEIC
NPWIOKEHUSI MOTYT OBbITh 3((GEKTHBHON aJbTEPHATHBOI OMACHOW M JIOPOroCTOSLICH
1abopaTOpHOM cpelle M YTO TaKWe MHCTPYMEHTHI MOXKHO MCIOJB30BATH I yIyYIIEHUS
MpernojaBaHusl B €CTECTBEHHBIX Haykax. M3 8 kmacca Obuto orobpaHo 58 ydamuxcs, Mo
pe3yipTaTaM TECTHPOBAaHHUS pasfesieHo Ha 2 rpymmel. Uepe3 2 THS SKCHEpUMEHTa HaJ
YY9aCTHUKAMH C HCTIONb30BaHHEM TPAJUIMOHHOTO ¥ MOOWIBHOTO IPUIIOXKEHUS,
MPOAHAIM3UPOBAHEl PE3YJIbTAaThl M IOKA3aHO, YTO MOOMIBHOE MPIJIOKEHHE IIOMOIJIO
TTOBBICUTH YPOBEHb OOYUYCHHSI.

KiroueBbie cioBa: moOwipHOe npmiiokeHnue, AR, EdLab, oOpazoBanue, mkona,
¢usnka

Introduction
Augmented Reality (AR) is a technology that enhances our perception of the real
world by superimposing digital information and media onto it. This technology is used in
various fields, including education, entertainment, and advertising. AR enables users to
interact with virtual objects in a real-world environment, providing an immersive and
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interactive experience (Kukulska-Hulme, 2009). In the context of education, AR technology
can be used to create virtual learning environments and simulations that allow students to
explore and experiment with concepts in a more engaging and interactive way. AR can also
be used to provide real-world examples of abstract concepts and theories, making it easier for
students to understand and retain the information (Cobcroft et al., 2008).

The integration of technology into education has been a growing trend in recent
years, and for good reason. Technology has the potential to greatly enhance the quality of
education, making it more effective and enjoyable for students of all ages. It provides new
and innovative ways for teachers to engage students and for students to access information
and resources. One of the main benefits of technology in education is increased student
engagement and motivation. By incorporating technology into lessons, teachers can create
interactive and engaging learning experiences that keep students interested and motivated.
This can be especially important for subjects such as physics, which can be perceived as
abstract and difficult. Another benefit of technology in education is improved access to
information and resources. With the internet and mobile devices, students can access a wealth
of information and resources at any time and from anywhere. This can be especially beneficial
for students who may struggle to understand concepts in the traditional classroom setting.
Finally, technology has the potential to revolutionize the way teachers design and deliver
lessons. With the use of educational apps, simulations, and virtual environments, teachers can
create lessons that are interactive, immersive, and tailored to the needs and learning styles of
their students (Birt et al., 2018).

The use of mobile applications based on augmented reality in physics lessons at
school has numerous advantages for both teachers and students. AR technology provides an
immersive and interactive learning experience, improves student engagement and motivation,
and enhances the understanding and retention of abstract concepts. By incorporating AR
technology into physics lessons, teachers can create lessons that are engaging, interactive, and
tailored to the needs and learning styles of their students (Abidin et al., 2017).

One of the main advantages of using mobile applications based on augmented reality
in physics lessons is improved engagement and interactivity. AR technology enables teachers
to create virtual learning environments and simulations that allow students to explore and
experiment with physics concepts in a more engaging and interactive way. By providing a
hands-on and immersive experience, students are more likely to be interested and motivated
in the subject, leading to greater engagement in the lesson. For example, a teacher could use
an AR app to create a virtual physics lab where students can perform experiments and
simulations, helping them to understand and retain the information in a more meaningful way.
This type of interactive experience can also help to make physics more accessible to students
who may struggle with abstract concepts in a traditional classroom setting (Motiwalla, 2007).

Another advantage of using AR in physics lessons is enhanced assessment and
evaluation. With AR technology, teachers can create gamified quizzes and assessments that
make learning more enjoyable for students and provide a more accurate evaluation of their
understanding of the subject. These types of assessments can also provide immediate feedback
to students, allowing them to see where they need to improve and making it easier for teachers
to identify areas where they need to provide additional support. For example, a teacher could
use an AR app to create a physics quiz that allows students to answer questions by pointing
their mobile device at objects in the real world. This type of gamified assessment can help to
engage students and make learning more enjoyable, leading to greater motivation and
understanding of the subject (Ozdamli & Cavus, 2011).

The use of AR in physics lessons can also lead to increased student understanding
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and retention. By providing real-world examples and simulations, students are more likely to
understand and retain the information. Additionally, the hands-on and interactive nature of
AR technology helps to make abstract concepts more accessible and understandable, leading
to greater retention of the information. For example, a teacher could use an AR app to create
a virtual 3D model of a physics concept, such as the laws of motion. This type of interactive
and immersive experience can help students to understand and retain the information in a
more meaningful way, leading to improved performance on assessments and a deeper
understanding of the subject.

Finally, the use of AR in physics lessons is easy to integrate into lesson planning.
With the availability of AR apps and software, teachers can easily incorporate AR technology
into their lessons without having to make significant changes to their teaching style or lesson
plans. Additionally, the use of AR technology does not require any special training or
technical expertise, making it accessible and user-friendly for teachers of all experience
levels. For example, a teacher could use an AR textbook app to enhance a lesson on the laws
of motion. The teacher could easily integrate the app into the lesson by having students use
the app to interact with the textbook and perform simulations related to the subject. This type
of integration allows teachers to enhance their lessons with AR technology without having to
make significant changes to their teaching style or lesson plans. The use of mobile
applications based on augmented reality in physics lessons has numerous advantages for
teachers. By improving engagement and interactivity, enhancing assessment and evaluation,
increasing student understanding and retention, and making it easy to integrate into lesson
planning, AR technology provides an effective and accessible tool for teachers to enhance
their lessons and improve student performance in physics (El-Hussein, 2010).

One of the major advantages of using mobile applications based on augmented
reality in physics lessons is the immersive and interactive learning experience it provides. AR
technology allows students to experience physics concepts in a more engaging and interactive
way, providing them with a hands-on and immersive learning experience. This type of
experience helps students to understand and retain the information in a more meaningful way
and can also help to make physics more accessible to students who may struggle with abstract
concepts in a traditional classroom setting. For example, a student could use an AR app to
explore the laws of motion through simulations and virtual experiments, helping them to
understand and retain the information in a more engaging and interactive way. This type of
immersive learning experience can also help students to develop critical thinking skills as they
explore and experiment with physics concepts (Bressler et al., 2019).

Another advantage of using AR in physics lessons is improved understanding of
abstract concepts. By providing real-world examples and simulations, students are more likely
to understand and retain the information. Additionally, the hands-on and interactive nature of
AR technology helps to make abstract concepts more accessible and understandable, leading
to a deeper understanding of the subject. For example, a student could use an AR app to create
a virtual 3D model of a physics concept, such as the laws of gravity. This type of interactive
and immersive experience can help students to understand and retain the information in a
more meaningful way, leading to improved performance on assessments and a deeper
understanding of the subject (Chiang et al., 2014).

The use of AR in physics lessons can also lead to enhanced engagement and
motivation. By providing a more interactive and engaging learning experience, students are
more likely to be interested and motivated in the subject, leading to greater engagement in the
lesson. Additionally, the gamified and interactive nature of AR technology can make learning

more enjoyable for students, leading to greater motivation and a more positive attitude
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towards learning. For example, a student could use an AR app to answer physics questions by
pointing their mobile device at objects in the real world. This type of gamified and interactive
experience can help to engage students and make learning more enjoyable, leading to greater
motivation and understanding of the subject (Fombona et al., 2017).

Finally, the use of AR in physics lessons provides students with real-world
application of physics principles. By providing virtual simulations and real-world examples,
students are able to see the practical applications of physics in their daily lives, leading to a
deeper understanding and appreciation of the subject. For example, a student could use an AR
app to explore the real-world applications of the laws of motion, such as how they apply to
sports and physical activities. This type of real-world application can help students to see the
relevance of physics in their daily lives, leading to a deeper understanding and appreciation
of the subject. Thus, the use of mobile applications based on augmented reality in physics
lessons has numerous advantages for students. By providing an immersive and interactive
learning experience, improving understanding of abstract concepts, enhancing engagement
and motivation, and providing real-world application of physics principles, AR technology
provides an effective and accessible tool for students to improve their understanding and
performance in physics. With its hands-on and interactive approach, AR technology can help
to make physics more accessible and enjoyable for students of all levels, leading to greater
success and a deeper appreciation of the subject (Aydin, 2021).

One of the most effective ways to use augmented reality in physics lessons is through
virtual reality labs and experiments. These applications allow students to experience physics
concepts in a hands-on and interactive way, providing them with a real-world simulation of a
laboratory experiment. By using VR technology, students can perform experiments that would
be too dangerous or too expensive to perform in a traditional classroom setting, leading to a
deeper understanding of the subject. For example, a student could use an AR app to explore
the behavior of waves in a virtual physics lab. This type of hands-on and interactive
experience allows students to see the behavior of waves in real-time, leading to a deeper
understanding of the subject. Additionally, virtual reality labs and experiments can provide a
fun and engaging learning experience, helping to increase student motivation and engagement
(Sharma et al., 2018).

Interactive 3D models and simulations are another effective way to use augmented
reality in physics lessons. By providing students with a 3D representation of a physics
concept, they can better understand the subject and retain the information in a more
meaningful way. Additionally, the interactive nature of these simulations can help to make
abstract concepts more accessible, leading to a deeper understanding of the subject. For
example, a student could use an AR app to create a virtual 3D model of a physics concept,
such as the behavior of light. This type of interactive and immersive experience can help
students to understand and retain the information in a more meaningful way, leading to
improved performance on assessments and a deeper understanding of the subject.

Augmented reality textbooks and study guides are another effective way to use AR
in physics lessons. By providing students with a hands-on and interactive experience, these
types of applications can help to improve student understanding and retention of the
information. Additionally, AR technology can provide a more engaging and interactive
experience than traditional textbooks, leading to greater motivation and engagement. For
example, a student could use an AR app to study the behavior of light and waves. This type
of interactive study guide can provide a more engaging and interactive learning experience,
helping students to understand and retain the information in a more meaningful way.

Gamified physics quizzes and assessments are another effective way to use AR in
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physics lessons. By incorporating gamification elements, such as points, rewards, and
leaderboards, these types of applications can help to engage students and increase motivation.
Additionally, gamified assessments can help to evaluate student understanding in a more
meaningful and interactive way, leading to greater student success. For example, a student
could use an AR app to answer physics questions by pointing their mobile device at objects
in the real world. This type of gamified and interactive experience can help to engage students
and make learning more enjoyable, leading to greater motivation and understanding of the
subject. Additionally, this type of gamified assessment can help teachers to evaluate student
understanding in a more meaningful way, leading to improved performance and deeper
understanding of the subject. In conclusion, there are numerous effective mobile applications
based on augmented reality for physics lessons. From virtual reality labs and experiments, to
interactive 3D models and simulations, to augmented reality textbooks and study guides, to
gamified physics quizzes and assessments, AR technology provides an effective and
accessible tool for students to improve their understanding and performance in physics. With
its hands-on and interactive approach, AR technology can help to make physics more
accessible and enjoyable for students of all levels, leading to greater success and a deeper
appreciation of the subject.

One of the main challenges of using augmented reality in physics lessons is the cost
and availability of AR technology. While AR technology is becoming more widespread, it
can still be difficult and expensive to obtain the necessary hardware and software to use it
effectively in a classroom setting. In some cases, schools may not have the budget to purchase
or maintain the necessary AR technology, making it difficult for teachers to use it in their
lessons. Additionally, some students may not have access to the necessary technology outside
of the classroom, limiting the benefits of using AR in physics lessons.

Another challenge of using AR technology in physics lessons is the technical
difficulties and requirements that come with using it. AR technology can be complex and
difficult to set up, requiring specialized skills and knowledge to use it effectively.
Additionally, AR technology often requires a stable internet connection, which can be
difficult to maintain in a classroom setting. This can limit the use of AR technology in physics
lessons and make it difficult for teachers to use it effectively.

While AR technology can be an effective tool for improving student engagement and
motivation, it also has the potential to be distracting. For example, students may be more
interested in exploring the AR environment than paying attention to the lesson. Additionally,
some AR apps may be designed more for entertainment than education, leading to a lack of
focus and decreased student performance. This can make it difficult for teachers to use AR
technology effectively in the classroom and limit its benefits.

Finally, the limited availability of AR physics apps is another challenge of using AR
technology in physics lessons. While there are many AR apps available for general
educational purposes, there is a limited number of apps specifically designed for physics
lessons. This can make it difficult for teachers to find AR apps that are relevant and effective
for their students. Additionally, some AR apps may not be of high quality or may not be up-
to-date with the latest physics knowledge, limiting their effectiveness in the classroom. While
the use of mobile applications based on augmented reality in physics lessons has numerous
advantages, it also presents several challenges and limitations. From the cost and availability
of AR technology, to the technical difficulties and requirements, to the potential for
distraction, to the limited availability of AR physics apps, these challenges can limit the
effectiveness of AR technology in the classroom and make it difficult for teachers to use it

effectively. Despite these challenges, however, AR technology remains a promising tool for
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improving student engagement and motivation, and for helping students to understand and
retain complex physics concepts. By overcoming these limitations and challenges, teachers
and students can benefit from the many advantages of using AR technology in physics lessons.

This study evaluates the impact of mobile technology on the learning outcomes of
8th grade students from Ne85 school-lyceum in Astana. The study compares the performance
of two groups of students - one using mobile technology (EdLab app) for learning physics,
and the other taught through traditional methods. The results show that the use of the mobile
app EdLab leads to improved learning outcomes in terms of understanding the concepts of
electricity. The app provides students with a range of information on theories and practical
aspects of electricity, and allows them to conduct experiments without physical apparatus.
The study highlights the potential of mobile technology in enhancing the quality of education
and increasing accessibility, while also acknowledging the need to address issues such as
excessive screen time and privacy concerns.

Research methods

In our technological era, everyone has their own portable mobile devices. By
accessing the internet easily through these devices, people can carry out their activities
anywhere in the world. Time and space are no longer obstacles and people can communicate
and exchange information with each other. The term "mobile" refers to the ability to move
freely or to be in a different place easily and conveniently. Mobile learning emphasizes the
importance of using mobile devices for education in any place and at any time. The
convenience and accessibility of information are the main advantages of mobile technology,
which greatly contributes to education. The limitations of traditional education are being
increasingly overcome. Devices such as the iPad greatly enhance the learning experience for
students by improving their engagement, enriching their mobile experiences, and encouraging
them to use modern technologies for learning.

Mobile learning has many advantages, such as improving digital and technological
skills, allowing for individual and collaborative learning, providing support and customization
for learners, reducing digital divide, improving the quality of education, and promoting self-
evaluation and self-awareness. The widespread use of mobile technology can enhance
communication and knowledge transfer between learners and teachers, and increase the
efficiency of education. This study highlights the positive aspects of mobile learning, and
suggests that mobile technology can be effectively utilized in education to improve the quality
of education and increase accessibility. However, it also acknowledges the need to address
issues related to technology use, such as excessive screen time, privacy concerns, and the need
for proper regulation (Sembayev et al., 2021).

This study uses a mobile technology-based experimental method to evaluate the
effect of the technology on the learning outcomes of students. The study was conducted with
56 8th grade students from N85 school-lyceum in Astana. The students were divided into two
groups, an experimental group and a control group, each consisting of 28 students. The
experimental group used mobile technology for their learning, while the control group was
taught through traditional methods. The study was conducted over two days, focusing on the
topic of «Electricity». The results of the pre- and post-test were analyzed and compared
between the two groups.

EdLab mobile application is used for conducting physics experiments. Its main goal
is to allow students to perform experiments on «Electricity» in physics class, without the need
for physical apparatus. The app allows students to measure electrical parameters like
amperage, voltage, resistance, and current through experiments. The results can then be

recorded and analyzed.
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The mobile app EdLab provides information about the theories of physics, as well as
practical information that is useful for students and teachers alike in conducting experiments
related to the «Electricity». The app is equipped with an ammeter, voltmeter, resistor, and
current sensor, and allows users to record experimental results in real-time. The app is well-
designed and contains a wealth of information, making it a valuable resource for students who
are studying physics and need to better understand the concepts of the «Electricity».

Results and discussion

Students «Electricity» are encouraged to carry out experimental activities in order to
deepen their understanding. After testing the students, their knowledge level is divided into
two groups based on their test results. Group I has a knowledge level of 68.2 % and Group II
has a knowledge level of 69.1 %. Group I students used EdLab mobile application during
their experimental activities, while Group II students performed experiments in a traditional
manner. Figure 1 represents the flowchart of the experiment procedure. The test results show
that students who used the EdLab mobile application had a slightly lower score compared to
those who performed experiments in a traditional manner. The experiment (questionnaire)
was carried out as described.

In the educational process, it is important to observe the high level of interest in the
use of mobile applications by top students, who are eager to acquire new information, learn
new things, and use modern technologies. They are curious and actively experiment in the
educational process. With the help of new technologies, students are able to acquire
knowledge on their own and the teacher's role is limited to the role of a guide. The
implementation of educational activities with the use of mobile applications contributes to an
increase in students' level of involvement, as well as their level of motivation. Students
themselves take the initiative in checking the results of their educational activities, and with
the help of mobile applications, the first group of students use the acquired knowledge
effectively. However, in the second group of students, who have not fully grasped the format
of learning, there are still difficulties in performing tasks on time. We should note the
possibility of using mobile technologies in the future for conducting educational activities.
The use of mobile applications can also have a positive effect on students' psycho-emotional
state and reduce stress. Mobile learning with the help of apps can significantly improve the
learning outcomes and motivation of students. The study showed that students using mobile
learning with apps had a 7.4 % increase in their learning outcomes compared to students who
used traditional learning methods, while students who used mobile learning with apps had a
1 % higher motivation level compared to students who used traditional learning methods. The
use of mobile devices allows students to study at any time and place, thus increasing their
flexibility and accessibility to learning materials. Mobile learning can also help students focus
and avoid distractions during their studies. However, it is important to note that excessive use
of mobile devices can negatively affect students' health and well-being. Therefore, it is
essential to balance the use of mobile learning with other activities and ensure students have
a healthy study-life balance.

190



8th grade students

7

Before the experiment. the test on the subject is taken and divided into groups

]

by level of knowledge

Group [ Group IT

(—
K—

According to the test results, According to the test results,
the level of knowledge of the level of knowledge of
students is 68 2% students is 69.1%

—
—

Learning through the AR Training in the traditional
mohile app way

(—
—

Test resulis obtained in the subject after the experiment

(—
K—

=l

5.6%

=8
=l
[}
[y

(=]
&

(—
(—

Conclusion

Figure 1 — The flowchart of the conducted experiment

Education is becoming increasingly mobile and technology-based, with students
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being able to access information and materials from their own devices. This presents
new opportunities for effective learning, but also requires teachers to have a thorough
understanding of educational technologies. The main goal of education remains to provide
students with practical knowledge, and it's important for teachers to implement technological
tools effectively (Serik et al., 2022). However, the use of these tools is often not well-
researched and implemented without proper testing. The use of mobile devices in education
has allowed many students to improve their theoretical and practical knowledge in various
subjects. By aligning with the SAMR model, we can ensure that teachers use mobile devices
in a way that enhances learning and creates more meaningful educational experiences. The
use of mobile devices in education has been shown to increase student engagement and the
ability to understand complex concepts. It is therefore important for teachers to make full use
of these devices in their teaching practices to improve the quality of education.

1. To enhance the competence of teachers, transformation-oriented training sessions
could be held, where models of innovative teaching methods can be demonstrated, practical
examples given, and teachers encouraged to apply new or improved teaching methods.
Teachers can also exchange ideas and information in an open and collaborative environment
and apply best practices in their teaching to achieve better results.

2. Teachers should provide students with learning opportunities and resources. They
should teach students how to effectively use internet resources, stressing the importance of
ethical behavior. The goal is to equip every student with the necessary digital literacy skills.
Additionally, teachers can encourage the use of technology in the classroom to enhance the
learning experience for all students.

Conclusion

The use of mobile applications based on augmented reality in physics lessons at
school has numerous advantages for both teachers and students. From improved engagement
and interactivity for teachers, to immersive and interactive learning experiences for students,
AR technology has the potential to enhance the effectiveness and enjoyment of physics
lessons.

The advantages of using AR technology in physics lessons include improved
engagement and interactivity for teachers, enhanced assessment and evaluation, increased
student understanding and retention, and easy integration into lesson planning. For students,
AR technology offers an immersive and interactive learning experience, improved
understanding of abstract concepts, enhanced engagement and motivation, and real-world
application of physics principles. Despite these advantages, however, there are also several
limitations and challenges of using AR technology in physics lessons, including the cost and
availability of AR technology, technical difficulties and requirements, potential for
distraction, and limited availability of AR physics apps.

In conclusion, the use of AR technology in physics lessons has the potential to greatly
enhance the effectiveness and enjoyment of these lessons for both teachers and students.
However, it is important for teachers to carefully consider the limitations and challenges of
AR technology and to work to overcome these challenges in order to fully realize its potential
benefits.

Future research on the use of AR technology in physics lessons should focus on
exploring new and innovative ways to overcome the limitations and challenges of AR
technology, such as developing more affordable and accessible AR hardware and software,
improving the technical ease of use, reducing the potential for distraction, and increasing the
availability of high-quality AR physics apps. Additionally, research should also focus on the
effectiveness of AR technology in improving student learning outcomes and teacher
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effectiveness, and on developing best practices for using AR technology in physics lessons.
By exploring these areas, we can better understand the full potential of AR technology in
enhancing the education of our students and preparing them for a successful future in physics
and beyond.
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