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The article describes an augmented reality collaborative physics study called PhysicsARLab. The
augmented reality lab is hosted by a teacher, and pupils can join the lab using their mobile phones. All
participants can interact with the augmented reality lab, and their actions can be observed in real-time by
both the teacher and fellow pupils. To evaluate the proposed system, a user study involving 60 participants
(30 female and 30 male) was conducted. The participants were ninth grade and tenth grade high school
pupils, ranging from 15 to 17 years of age, with an equal distribution across the two academic groups. The
study designed a combination of direct and indirect observations, along with muitiple surveys, to collect both
quantitative and qualitative data. The data analysis considered various perspectives, including the system's
usability, the effectiveness of its collaboration functionality, and its impact on PhysicsARLab. The research
findings provide insights into the usability and impact of the collaborative augmented reality PhysicsARLab
environment. The results are showed on the system's effectiveness in promoting collaboration, its usability
for conducting experiments, and its potential benefits for PhysicsARLab.
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NEQArOrMYECKUN AHANN3 AOMNONHEHHOW PEANIbHOCTH
B OBPA30OBATEJIbHOU CPEAE NPU N3YYEHUU ®PU3UKU

Apbimbekos B.C.* — dokmopaHm, HanpaeneHue OokmopaHmypekl: [Nedazozudeckoe obpa3osaHue,
npogpuns: Pusuyeckoe obpasogaHue obydaroujuxcs, HAO «Kasaxckuli HayuoHasbHbIU yHUgepcumem
umeHu anb-®apabuy», Animamsl, Kazaxcman.

Kodaroea C.K. — kaHOUdam pu3uko-mameMamuyecKux HayK, rnpogeccop kaghedpbl chusuku rniasmsl,
HaHomexHoso2uu U KoMmrbromepHol ¢usuku, HAO «Kasaxckull HayuoHarnbHbIU yHU8epcumem UMeHU allb-
®apabuy, Anmamsl, KazaxcmaH.

TypcaHosa 3.P. — dokmop PhD, accouyuuposaHHbIl ripogheccop kKagpedpbl mamemamuku, HAO
«Kasaxckuli HayuoHanbHbIU uccriedogamenbCKuli mexHudeckuli yHusepcumem umeHu K.W. Camnaesay,
Anmamel, Kazaxcmak.

TypOanbiynsl M. — dokmop PhD, accoyuuposaHHsili npogheccop Kaghedpbl rnpoepaMMHOU UHXEHepUU,
HAO «Ka3zaxckull HauyuoHarsnbHbIl uccrnedosamernbCKull mexHudeckul  yHusepcumem umeHu K./.
Camnaesa», Anmamel, Kazaxcmar.

B cmambe npueedeHbl pe3ynbmamsl uccriedogaHuss 0by4yeHuss DUSUKU C UCMOMAb308aHUEM
nabopamopuu dornonHeHHoU peanbHocmu nod HadeaHuem PhysicsARLab. Jlabopamopuro OonosHeHHoU
pearnbHocmu eedem yyumersib U y4YeHUKU Mo2ym rpucoeduHUmMbcs K jabopamopuu co c80UX MOOUJIbHbIX
menegoHos. Bce yyacmHuku moeym g3aumodelicmeosams ¢ jabopamopueli 00nosHeHHOU peanbHOCmuU, a
3a ux OelicmeusMu 8 pexume peaslbHo20 8peMeHU Moaym Habnwldampb Kak yqumesb, mak u
OO0HOKnaccHuUKkU. [ns oueHku npednazaemol cucmembl b6b1r10 npogedeHo nedozoauyeckoe uccredosaHue ¢
yyacmuem 60 yyacmHukos (30 toHowel u 30 Oesywek). YyacmHukamu Obiiu yvawuecss 0essmbix U
Oecambix Knaccos cpedHel wkorbl 8 so3pacme om 15 0o 17 nem, ¢ pasHbiM pacrnpedesieHuem rno dsym
akaldemuyveckum epynnam. Bo epems uccnedosarus bbina paspabomaHa KOMOUHaUUS rMPsiMbIX U KOC8EHHbIX
HabnrodeHuUl, a makxe HECKObKUX 0rpocos Onisi cbopa KaK KOSIUYEeCMBEHHbIX, maK U Ka4yeCmeEeHHbIX
OaHHbIx. [Npu aHanuse 0aHHbIX yHUMBbI8aNUCh pPas/iuYyHbIe MOYKU 3PEHUS, 8 MOM 4ucse y0obcmeo ucrosb-
308aHus cucmembl, aghghekmusHocmb ee QyHKUUU coemecmHol pabomebl U ee enusiHue Ha PhysicsARLab.
Pesynbmamel uccrnedosaHusi darom rnpedcmasrieHue 06 ydobecmee ucrosib308aHUs U 8/TUSHUU CO8Mecm-
HoU cpedbi dononHeHHoU peanbHocmu PhysicsARLab. Pe3ynbmamel niposiugaiom ceem Ha 3¢hghekmus-
Hocmb cucmemsbl 8 codelicmeuu compydHudecmsy, ydobcmeo ee ucronb3osaHus Ons nposedeHus
3KCriepuMeHmos U ee rnomeHuyuarsbHble npeumyuiecmeaa 05 PhysicsARLab.

Knroyeenbie cnoea: obpaszosaHue, nedacoauka, husuka, O0Oro/HeHHas peasibHOCMb, UHMepakmus-
Hble Memodbl 06y4eHUs.

BIIM BEPY OPTACbIHAA ®U3UKAHbI OKbITY BAPbICbIHOA TOJNbIKTbIPbIIFAH
LWbIHANBINBIKTbI KONAAHYAbl NEAQATOIMKAIDBIK TANOAY
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Makanada PhysicsARLab Oen amanambiH MOnbIKMbIPbIIFaH WhIHAUbIILIKMbI KONOaHy apKblibl
u3ukaHbl OKbimyOblH ©CepiH 3epmmey Hamuxenepi capanmarnraH. TonbiIKmbipbiiraH WbIHalbIIbIK
3epmxaHacbiH MyfaniM faHa b6ackapaldbl XoHe OKyWwhblnap oa3iprieHeeH 3epmxaHara yanbi menegpoHdaps!
apKbinibl epiH Kocbkinna anadkl. baprbiKk KambiCywbiiap MmosbIKmMbIpbliFaH WhsIHaUbIILIK 3epmxaHachbiMeH
e3apa KambiHacbirl apekemmece anadbl xoHe onapOblH dpeKkemmepiH HakKmbl yakblimma Myfaniv de,
cbiHbimmacmapel 0a kedepeaicia bakbinal anadbl. ¥cbiHbiIFaH XyleHi baranay ywiH 60 kambicywbiHbIH (30
vy xoHe 30 Kbi3) KambICybiMeH riedazoecukarnblK 3epmmey Xypeaizindi. Kambicywbinap eki akademusisibIK
morika 6ipdel 6eniHeeH 15 neH 17 xac aparnbifbiHOarbl MOFbI3bIHWLI XOHE OHbIHWbI ChIHbIM OKyUWhbIlapbi
60ndbi. 3epmmey 6apbicbiHOa mikenel XoHe xaHama 6akbinaynapobiH, coHOal-aK caHObIK XoHe carnarsbiK
Oepekmepdi xuHay ywiH b6ipHewe cayanHamanapObiH KoMOuHauusicbl Xydesni mypde o3ipreHdi.
Hepexkmepdi ximi manday ke3iHde apmypni nepcrekmugarsnap, COHbIH iWiHOe XyLUeHiH bIHFalrblblfbl, OHbIH
bipneckeH mymkiHOIkmepiHiH muimdiniai xeHe PhysicsARLab-Kka acepi eckepindi. 3epmmey Homuxenepi
PhysicsARLab 6iprieckeH morsnbIKmbipbliiFaH WhIHaUbIIbIK OpmachklHbiH KONalblibifbl MEeH acepi myparbi
aykbiMObl myciHik 6epedi. Homuxenep xyleHiH bIHMbIMakmacmbelKmbi inzepinemydeai muimainiaiH, OHbIH
mexipube ywiH KonalnbinbirbiH XoHe PhysicSARLab ywiH aneyemmi apmbikWbinisbiKmapbiH awambiHbIiHa
Ke3imi30i xxemki30di.

TyliHOi ce3dep: 6inim b6epy, nedazozuka, usuka, MONbIKMbIPbIIFAH WhbIHAUbIILIK, OKbIMyObIH
UHmMepakmusmi adicmepi.

Introduction

The use of augmented reality in remote PhysicsARLab has the potential to bridge the gap between
physical and virtual collaboration, allowing pupils to interact and collaborate while visualizing virtual objects
and their peers' work. Some recent augmented reality systems have been designed with multi-user
environments, allowing for collaborative interactions [1, p. 198]. Although the study was thorough, it had
limitations. This scientific research presents a novel system that fills a gap in the existing landscape by
providing a network-based augmented reality collaboration platform with voice support for multiple users [2,
p. 307]. The researchers offer comprehensive insights into the usability, effectiveness, and PhysicsARLab
impact of their proposed system, providing valuable contributions to the field of collaborative augmented
reality PhysicsARLab. By incorporating an even number of female and male pupils in the user study and
forming groups that include both genders, the research aims to understand potential gender differences in
the use of augmented reality technology in an educational environment [3, p. 235]. The study extensively
analyzes the effectiveness and impact of the collaborative augmented reality educational environment. Such
comprehensive analysis and user studies are essential for understanding the implications and applications of
augmented reality technology in educational environments [4, p. 4]. In the following sections, we will first
present the design and development of the collaborative augmented reality system. In the following section,
the user study is detailed with the hypothesis and experiment setup [5, p. 106]. The subsequent sections of
the research paper detail the design and development of the collaborative augmented reality system, provide
an in-depth explanation of the implemented physics experiment, and offer a walkthrough of the system
demo. The results are presented, followed by a detailed discussion, and the paper concludes with a
summary of the findings [6, p. 217]. This toolkit provides a set of tools and components that enable user
interaction in environments, enhancing the immersive and engaging nature of the collaborative augmented
reality experience. To facilitate the connection between the instructor and pupils, a scientific research lobby
was implemented [7, p. 307]. The instructor hosted the session, and pupils were able to join the session by
connecting to the server, establishing a collaborative environment for the augmented reality PhysicsARLab
experience. The choice of this experiment was based on a survey of pupils and faculty members, who
recommended it as an experiment with an intermediate level of difficulty and a potential positive effect on
pupils' performance in a collaborative environment [8, p. 1893]. In the experiment, pupils are tasked with
identifying the identity of anions in an unknown mixture. Pupils are provided with an unknown solution and
must follow the pre-defined steps to determine the composition of the unknown solution [9, p. 795]. This
system provides a collaborative and immersive virtual laboratory experience, where users can perform
experiments, interact with virtual equipment, communicate with instructors and fellow pupils, and benefit from
shared learning and immediate intervention when needed [10, p. 41].
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Aim of research has indicated that the existing body of literature primarily focuses on the impact of
augmented reality (AR) technology on enhancing academic achievement and learning motivation. However,
there is a lack of research examining the underlying mechanisms of these technologies. This study aims to
investigate the influence of AR technology applied in physics education on students' self-efficacy and their
beliefs about learning, as well as to uncover the fundamental reasons for any observed effects. Hence, the
research questions addressed in this study are as follows:

1) Does students' self-efficacy in learning change when exposed to an AR learning environment? If so,
what specific changes occur?

2) Do students' perceptions of learning transform as they engage in an AR learning environment? If
yes, what specific transformations are observed?

3) This study will assess the effectiveness of integrating AR technology in physics education and its
impact on students' self-efficacy and perceptions of learning.

Materials and Methods

The user study conducted to evaluate the system included 72 participants within the age range of 17-
19 years. The participants were divided into 12 groups, each consisting of 6 pupils. The groups were
structured to have an equal number of male and female participants. Half of the pupils were from the first
year, while the other half were from the second year. To ensure a diverse range of experiences, three
groups from each category (first-year and second-year) were randomly assigned, while the remaining three
groups in each category were open for enroliment by choice. This allowed pupils who were already familiar
with each other to join a particular group, while also providing an opportunity to gauge the impact and
effectiveness of cooperation among pupils with varying levels of familiarity. The study aimed to measure the
system's usability, user experience (UX), effectiveness as a PhysicsARLab tool, and its impact on
PhysicsARLab. The following parameters were used to evaluate usability: ease of use, effectiveness with
good utility, and ease of adapting to PhysicsARLab. These parameters likely involved collecting feedback
from participants regarding their experience using the system and assessing their perception of its usability.

Physics Pre - ; Physics

Figure 1. — The scheme of process designed on academic preferences

The research design followed the scheme of process, which is shown in the Figure 1. The user
experience was assessed by measuring various positive and negative factors related to the participants’
interaction with the system. It could involve collecting qualitative data through surveys or interviews to
understand the participants' subjective experiences, emotions, and satisfaction levels. The real-time
collaboration components of the system were evaluated separately through a survey to assess participants’
satisfaction and the usefulness of the collaboration features during the experiment. This feedback likely
helped in understanding the impact of collaborative features on the overall user experience and
effectiveness of the system. The diverse composition of participant groups allowed for a comprehensive
evaluation of the system's performance across different scenarios and user backgrounds. The study involved
12 groups, each with specific criteria based on gender and academic level. Two groups were exclusive for
female pupils, two for male pupils, and two for mixed-gender groups. The structured experimental flow and
data collection methods provided a comprehensive understanding of the system's performance and user
perceptions. The methodology is presented together with a detailed description (Table 1).

Table 1. — Six contributions to the field of collaborative PhysicsARLab in augmented reality.

Ne | Indicator Description

1 | Design of a Novel | The researchers have developed a new collaborative augmented reality
Collaborative environment that enables multi-user interaction in real-time. This environment
PhysicsARLab allows pupils to collaborate and perform experiments together, fostering a

augmented reality | sense of engagement and interactivity.
Environment
2 | Development of a | The study includes the development of a sophisticated augmented reality

Complex chemical experiment within the augmented reality environment. This
Augmented Reality | experiment involves multiple intricate steps, requiring precision and
Chemical collaboration among the participants.

Experiment
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Continuation of table 1

3 | Comprehensive A thorough user study is conducted to evaluate the effectiveness and impact of
User Study the collaborative augmented reality PhysicsARLab environment. The study
involves participants with diverse levels of academic experience and familiarity
with each other, ensuring a comprehensive analysis of the system's

performance.

4 | Analysis of | The study includes an analysis of collaboration effectiveness in the AR-based
Collaboration remote PhysicsARLab setting. The researchers examine how pupils' familiarity
Effectiveness with each other and their academic seniority impact collaboration outcomes,

providing valuable insights into the dynamics of collaborative PhysicsARLab.

5 | Statistical Data | The study employs statistical data analysis from multiple perspectives to
Analysis identify and classify the parameters that influence collaboration and

PhysicsARLab in the collaborative augmented reality environment. This
rigorous analysis enhances the understanding of the factors that contribute to
successful collaborative PhysicsARLab experiences.

6 | Comparison  with | The researchers compare AR-based remote PhysicsARLab with traditional
Face-to-Face face-to-face PhysicsARLab, aiming to identify scenarios where AR-based
PhysicsARLab remote PhysicsARLab can serve as an effective substitute for in-person

experiences. This comparison helps determine the potential benefits and
limitations of using augmented reality technology in remote PhysicsARLab
settings.

physics laboratory (Table 2).

They need to handle various equipment such as test tubes, droppers, water baths, centrifuges papers
to perform the required tests accurately. By developing this complex augmented reality experiment, the
researchers aimed to create a challenging and realistic scenario that simulates the intricacies of a real-world

Table 2. — List of key components in evaluating the effectiveness and impact of the collaborative
augmented reality PhysicsARLab environment

Ne Key component Description

1 | Login Users are required to log in to access the system. This step ensures that only
authorized individuals can use the platform.

2 | Lobby Upon successful login, users are taken to a lobby where they have two options:
create a new session or join an existing session. This allows users to either
start their own experiments or participate in ongoing sessions.

3 | Session Setup Once a session starts, the user is prompted to point their camera towards a

surface. The system uses computer vision or augmented reality techniques to
identify the surface and overlay the experiment setup onto it. This allows users
to visualize the equipment and materials virtually on the real-world surface.

4 | Zoom Functionality | The system provides zoom controls in the form of '+ and '-' buttons. This
allows users to adjust the level of magnification or zoom in and out of the
virtual experiment setup. It enables users to view the experiment details more
closely or get a broader overview of the setup.

5 | Synchronous The system operates in a synchronous scientific research environment, which
scientific research | means that multiple users can participate in the same session simultaneously.
Environment This enables collaboration and real-time interaction among users.

6 | Instructor In this collaborative setting, the instructor can demonstrate the experiment or
Demonstration and | instruct specific pupils to perform certain steps. The instructor and pupils can
Pupil Participation communicate over the network, making it easy to guide, correct mistakes, or

assist each other in real-time.

7 | Collaborative Each pupil has the opportunity to take turns or guide their fellow pupils during
Experimentation the experiment. This collaborative approach allows for shared learning

experiences, where pupils can learn from each other, correct mistakes, and
support their peers. The system facilitates this intervention by providing easy
communication and interaction among users.

8 | Multiple Devices The system supports multiple devices connected over the network. This means

that users can access the virtual laboratory from different devices, such as
smartphones, tablets, or computers.
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Based on the description provided, it seems that the system we are referring to is a collaborative
virtual laboratory or experiment platform. Kazakhstan lags behind in the production of school textbooks with
augmented reality technology. It turns out that even in neighboring Russia; there are physics textbooks with
built-in augmented reality technology. The entire methodology of this experiment is freely available at
https://www.geogebra.org/u/beckemn. On the sheet, all laboratory work is carried out with augmented reality
(Figure 2).
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Figure 2. — Outline of the methods developed by the authors during the experiment

Results

Based on the information provided, it seems that data analysis was conducted on the usage data of
the app for both individual and collaborative sessions. The analysis aimed to identify if any parameters, such
as pupils' academic level or gender, had a significant impact on the app's usage. The analysis aimed to
determine if there were any statistically significant variations in the app's usage based on gender, academic
level, or group composition. By testing these hypotheses, researchers could gain insights into potential
variations or biases in the system's usage and evaluate if any specific factors influenced participants’
performance. The results of the analysis would help validate or reject the null hypotheses and provide
valuable information about the impact of these factors on the app's usage and effectiveness.By examining
the p-values obtained from the analysis, the researchers could determine whether these factors had a
statistically significant impact on the time taken to complete the experiments (Figure 3).
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Figure 3. — Individual sessions based on academic level of participants

The individual session times for the 72 participants were analyzed using single-factor ANOVA (Figure
4). The analysis aimed to determine if there was a statistically significant effect of academic level (first-year
vs. second-year pupils) on the participants' experiment completion time.
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Figure 4. — Individual sessions based on gender of participants

The results of the analysis, as we mentioned, indicated that there was no statistically significant effect
of academic level on experiment completion time. Since this p-value is greater than the chosen significance
level (usually set at 0.05), the null hypothesis (which states no significant difference between academic
levels) cannot be rejected. Therefore, based on the analysis, it can be concluded that both first-year and
second-year pupils performed at a similar level of efficiency and productivity in completing the experiments.

The analysis aimed to determine if there was a statistically significant effect of academic level within
each gender on the participants' individual experiment completion time. However, the interpretation provided
above is based on the information we provided regarding the lack of a statistically significant effect of
academic level within each gender on experiment completion time (Figure 5).
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Figure 5. — Single-factor individual experimental sessions
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Based on the analysis conducted in our study, it can be concluded that none of the factors, including
academic level, gender, and the combination of gender and academic level, had any significant influence on
the efficiency and productivity of participants in terms of experiment completion time.

To measure collaboration, we manually logged the number of interactions between pupils during the
experiment, specifically instances where participants helped each other either verbally or by performing
actions on behalf of their peers. This measure allowed us to quantify the level of collaboration within the
groups and its impact on experiment completion time. By analyzing these results, we will gain insights into
the specific factors that may have contributed to differences in performance and collaboration among the
groups (Figure 6).
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Figure 6. — Collaborative sessions completion time (academic level and collaborative group formation)

In the analysis of the collaborative sessions, participants' performance was evaluated based on their
academic level (Figure 7). The participants were divided into six groups of first-year pupils and six groups of
second-year pupils. The quantitative data collected included the experiment completion time and the number
of interactions within each group. The data was analyzed to determine if there were any significant
differences based on academic level.

Pupils in self-enrolled groups were able to complete the experiments more efficiently compared to
those in randomly formed groups. However, the level of interaction among participants was not significantly
affected by the method of group formation. These results provide insights into the collaborative dynamics
within the augmented reality educational environment and highlight the benefits of allowing pupils to choose
their group members in terms of efficiency and productivity during collaborative experiments (Figure 7).
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Figure 7. — Collaborative sessions assessed time performance with pretest
These findings indicate that academic level does not play a significant role in determining the

experiment completion time or the level of interaction during the collaborative sessions. However, the
method of collaborative group formation has a significant impact on both metrics.
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Specifically, the participants' performance in terms of experiment completion time and the level of
interaction was significantly influenced by the collaborative group formation (Figure 8.). Participants in self-
enrolled groups, where they were familiar with their group members, exhibited better performance and higher
levels of interaction compared to participants in randomly formed groups. The results suggest that
collaborative group formation, based on familiarity and self-enroliment, contributes to improved performance
and increased interaction in the augmented reality educational environment, regardless of the participants’
academic levels. These findings highlight the importance of considering group dynamics and familiarity when
designing collaborative experiences in such environments (Figure 8).
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Figure 8. — The results based on academic levels of students

Based on the analysis of the quantitative data from the perspective of genders in the collaborative
sessions, the results indicate that there is no statistically significant effect of gender on participants'
collaborative experiment completion time. This means that regardless of the gender composition of the
collaborative groups, they performed at similar levels of efficiency and productivity during the collaborative
sessions. Similarly, the analysis shows that there is no statistically significant effect of gender on participants'
interaction during a collaborative session. These findings contribute to a better understanding of the role of
gender in collaborative settings within an augmented reality educational environment.

Discussion

The survey conducted to evaluate the usability, impact on PhysicsARLab, and collaboration
effectiveness provides valuable insights into pupils' perceptions of the augmented reality PhysicsARLab
system. While the positive feedback can be partly attributed to the novelty of the AR-based system, it is
crucial to assess how well the system fulfills its core purpose of enhancing the overall PhysicsARLab
experience and preparing pupils for real-world environments. The majority of pupils responded positively to
most of the survey questions. This suggests that the app is well-received and has a positive impact on pupils'
PhysicsARLab experience. However, two points of difference among pupils' opinions are worth noting. If the
augmented reality lab can completely replace the face-to-face lab, most pupils expressed the view that it
should not be used as a complete replacement. This aligns with the understanding that while the augmented
reality lab offers unique advantages and convenience, the real-world face-to-face experience still holds value
and is preferred by many pupils. Whether the augmented reality lab adequately prepares pupils for similar
tasks in a real-world environment, also showed some variation in opinions. This highlights the importance of
ensuring that the augmented reality lab effectively simulates real-world physics experiments and provides
pupils with the necessary skills and understanding to navigate physical lab settings. The survey results
provide valuable feedback on pupils' perceptions of the augmented reality PhysicsARLab system. While the
majority of pupils view it positively and acknowledge its impact, there is recognition that it should be used as
a complementary tool alongside face-to-face PhysicsARLab experiences. This insight can inform future
developments and improvements in the system to better align with pupils' preferences and expectations. The
positive response from pupils regarding the remote PhysicsARLab experience as a complement to face-to-
face PhysicsARLab aligns with the growing understanding that blended learning approaches, combining both
virtual and physical components, can enhance pupils' learning experiences. By providing a viable
collaborative solution for pupils who cannot attend in person, the remote PhysicsARLab offers flexibility and
accessibility without compromising the collaborative nature of the learning process. The statistical data
analysis further strengthens the findings and supports the conclusions drawn from the study. Comparing the
AR-based remote PhysicsARLab to traditional face-to-face PhysicsARLab and examining its impact on
PhysicsARLab provides valuable insights into the advantages and limitations of using augmented reality for
educational purposes. This comparison helps highlight the potential of augmented reality as a
complementary tool in PhysicsARLab and sheds light on the benefits it brings to the learning process. Our
scientific research contributes to the advancement of AR-based educational environments and provides
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valuable evidence for the effectiveness of interactive augmented reality PhysicsARLab. The findings from
our study can inform future developments in the field and inspire further research on the integration of
augmented reality technology in educational settings (Table 3).

Table 3. — List of the limitations and proposed future work

Ne | Limitations Description
1 Lack of video | Participants expressed the desire for audio and video communication features in the
chat app. Currently, the app does not include video chat to avoid information overload and

maintain focus.

2 | Cumbersome | The manipulation of test tubes in the app was found to be overly cumbersome. This
manipulation | issue can be addressed in future iterations by refining the interaction design and
of test tubes | making it more intuitive and user-friendly.

3 | Comparison | With the availability of wearable smart glasses, a natural deployment solution for the

of ARs app would be to use these devices.
4 | Deployment | The app can be further developed as a comprehensive augmented reality solution for
with AR an entire augmented reality environment.

By addressing these limitations and exploring future directions, the augmented reality lab application
can be enhanced to provide a more immersive, user-friendly, and collaborative learning environment for
pupils in the field of physics and other sciences. The positive feedback regarding the user experience (UX) of
the system is encouraging, indicating that participants found the system easy to use and navigate. However,
the negative feedback regarding the test tube handling is valuable and should be addressed in future
iterations. Implementing a simpler drag-and-drop mechanism for handling test tubes in the mobile app would
enhance the user experience and align with user expectations.

Conclusion

The analysis of both individual and collaborative sessions using single-factor ANOVA revealed that
there were no statistically significant differences based on gender or academic level. Even when considering
different academic levels within each gender, no significant differences were observed. However, the analy-
sis did identify group formation as a significant factor in collaborative sessions. Pupils in self-enrolled groups
demonstrated higher levels of interaction, efficiency, and productivity, indicating that familiarity and self-
selection contribute to enhanced collaboration in the augmented reality educational environment. Several
surveys were conducted to evaluate different aspects of the application. The usability survey indicated a high
level of usability, while the survey on collaborative support highlighted the system's effectiveness in facilita-
ting collaboration among users. The UX survey generally received positive feedback, although some issues
related to the manipulation of test tubes and the absence of video chat were identified. The survey assessing
the impact of PhysicsARLab demonstrated the effectiveness of the application as a complementary tool to
face-to-face PhysicsARLab experiences. The positive results from the surveys affirm the usability, collabora-
tive support, and impact of the system. For future work, the researchers plan to deploy the augmented reality
lab on different augmented reality devices, expanding the range of platforms for evaluation. They aim to
implement the same experiment in a virtual reality (VR) environment and compare the results with those
obtained from the augmented reality environment. These advancements will provide further insights and
contribute to enhancing users' efficiency and productivity within new augmented reality and VR paradigms.
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FOTOBHOCTb YYUTENEW FEEOMPA®UU K NPUMEHEHUIO STEAM-TEXHONOIMMN

MyxumduHosa P.A.* — OdokmopaHm OIF1 8D01505-Ieozpachus, XKembicyckuli yHugepcumem UuM.
U.2KaHcyaypoesa, 2. TandbikopeaaH, Kazaxcmad.

Batimbip3aee K.M. — dokmop eeoepachuyeckux Hayk, npogheccop obpaszoeamersibHOU rpoepammbl 110
ecmecmeeHHOHay4YHOMYy HarnpasreHuro, XKembicyckuli yHusepcumem um.M.)KaHcyayposa, 2. TandbikopaaH,
Kasaxcman.

Muzambaesa ®.K. — Odokmop ¢unocogpuu (PhD), 6D010300 — [ledazozuka u ricuxosoaus,
XKembicyckuti yHugepcumem um. U.2KaHcyaypoea, . TandbikopeaH, KasaxcmaH.

B daHHoU cmambe riokazaHa memodosioeus u pe3ysibmamai uccrnedosaHus o peanusayuu STEAM-
mexHonoeauu. Llenbio 0OaHHo20 uccrnedosaHusi sensemcsi onpedenieHue 2o0mosHocmu  ydumersneu
eeozpaghuu, ocywecmenswux npernodasamesibCKyl0 0esimenbHOCMb 8 opeaaHu3auyusx cpedHe20
obpa3sosaHusi obniacmu XXemicy Pecnybnuku KasaxcmaH, k npumeHeHuto STEAM-mexHonoauu 8 oby4yeHuu
2eozpaghuu.

Memodonoeu4yeckass ocHosa uccrie0ogaHUsi rnpedcmassieHa aHaju3oM Ome4YyecmeeHHol U
3apybexHol numepamypbl 06 akmyasbHOCMU U pa3sumuu obpa3osameribHbix mexHosnozuli STEAM-
obpasosaHus. [lposedeHbl aHKkemupogaHUe U aHasu3 4acmomel O0mMeemo8 U [poueHmos yqumeseu
2eozpachuu u3 37 obweobpaszosamernbHbix ydpexoeHul obnacmu XKemicy Pecrnybnuku Kasaxcma,

B pe3ynbmame uccnedosaHusi 6bi510 8bisigieHO, Ymo b6osbuwee KOmu4yecmeo OnpoweHHbIX yyumerel
npednoyumarom ucrosib308ame mMpaduyUoHHble Memodkl 0byyeHUs 8 ceoell pabome. Takxe 6bi10 0bHa-
PYyXeHo, 4mo MHozaue nedacoeu He snaderom STEAM-mexHonozusamu. B ces3u ¢ yem bbina onpedesneHa
Heobxodumocmb 0OHoereHUs U ModepHusayuu y4ebHO20 rpoyecca, akKuUeHmupys eHuMaHue Ha
mexrpedMemHoUl UHmezpayuu u pasgumuu HaeblKos, U 803MOXHOCMU coomeemcmeytowieli 1o020mosKu u
nepenodzomosku ydumenel 2eozpaghuu 8 amoul obnacmu, YmMo CywecmeeHHO Mo8uUsem Ha Ka4ecmeo
obpasosaHusi.

HaHHble pe3ynbsmambl  mMo2ym Obimb UCMOMb308aHbl 019 paspabomku pekomeHOauul Mo
r1osbIWeHUr 3ghghekmusHocmu obpasogamesibHO20 rpouecca 8 obracmu eeoepaguu.

Knro4deebie cnoea: STEAM-mexHonozusi, KoMrnemeHyusi, UHMmMezpauyusi, obpaszosameribHbil
npouecc, ka4ecmeo obpasogaHusi, MOOepHU3ayusi 0bpa3osaHuUsi, eCmMeCmM8eHHOHayYHbIe QUCUUMITUHBI.

FEOrPA®UA M¥FANIMAEPIHIH STEAM-TEXHONOMMACHLIH KONJAHYFA OAAbIHObIFbI

MyxumduHoea P.A.* — [.2KaHcyzipoe ambiHOarbl *Kemicy yHusepcumeminiH 8D01505-Ieozpacpus
binim 6epy bardapramacbkiHbiH dokmopaHmi, TandbiKkopraH K., KazakcmaH Pecriybnukaceil.

baimbipsaes K.M. — 2.7.0., I.)KaHcyeaipos ambiHOarbl XKemicy yHugepcumemiHiy xapambiiibicCmaHy-
fbiTbIMU  barbim bolbiHWa biniM 6epy 6ardaprimanapbiHbiH rpogeccopi, TandbikopraH K., KaszakcmaH
Pecnybnukacsil.

Muzambaesa @.K. — (PhD) cbunocogpusi dokmopi, 6D010300 — [lledazocuka >XoHe rcuxosoaus,
1. XKaHcyeipoe ambiHdarb! XKemicy yHugepcumemi, TandbikopraH K., KasakcmaH Pecriybrnukacei.

byn makanada STEAM mexHomozusicbiH eHeidy bolbiHwa 3epmmeydiH adicmemeci MeH Homuxenepi
KkepceminzeH. byn 3epmmeydiH makcamel KazakcmaH Pecnybnukacsl Kemicy eHipiHOeai opma 6inim 6epy
yUbimOapbiHOa nedazoaukasbik KbI3MemmiH Xy3eee acbipambiH 2eozpachusi MyranimoepiHiH STEAM
MEeXHOJI02usIChbIH 2e02pachusiHbl OKbimyda KondaHyra OalibiHObifbIH aHbikmay 60s1bin mabbiiadsbi.

BepmmeydiH adicmemeriik Hezisi STEAM 6inim 6epydiH binim bepy mexHonoausnapbIHbIH e3eKmifiei
meH Oamybl myparsbl omaHObIK xoaHe wemendik adebuemmepdi mandaymeH yCbiHbiiFaH. Ka3zakcmaH
Pecny6brnukacbl XKemicy o6rnbicbiHOarbl 37 6inim 6epy ylbiMOapbiHbIH 2eoepaghusi MoHi MyranimOepiHiH
xayan bepy xuiriiei MeH natibI30bIK yieciHe cayasiHama emyisinin, manday Xypei3indi.

3epmmey 6apsbicbiHOa cayasiHamara KambicKaH MyFaniMoepoiH Kebi 63 XyMbiCbiHOa 0acmypili OKbImy
adicmepiH KondaHyObl KanalmelHbl aHbikmandel. COHbIMeH Kamap, KernmezeH MmyranimoepdiH STEAM
mexHorsoausinapbiH  MeHzepMmelmiHi  aHbikmandbl. OcbkiraH opal, noHaparnbiKk biknandacmsik MeH

86



