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Abstract .Recent studies emphasize a positive impact of learning 
with augmented reality (AR) systems in various instructional scenarios. 
This study investigated the effects of the use of  AR technologies in 
science laboratories on university students' laboratory skills and attitudes 
towards laboratories. A quasi-experimental pre-test/post-test control 
group design was employed. The participants were 180 third-year 
university students in physics chemistry and first-year master in physics 
chemistry, aged 20–24 years old. They were assigned to either an 
experimental or a control group Qualitative and quantitative data 
collection tools were used. The experimental results obtained after the 
use of augmented reality in the rectification PW. Revealed that AR 
technology has significantly improved the development of laboratory 
skills of university students. AR technology has both improved students' 
experimental skills and helped them develop positive attitudes towards 
physics laboratories. 
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for educational users, including mobility, visualisation, alternative perspectives,
comparison/contrast of multiple perspectives and integration of multiple
perspectives[5]. Thanks to a relevant formative assessment mechanism, AR-based
learning considerably improves learners' learning and motivation and reduces their
cognitive load[6]. for example, Bacca-Acosta, Baldiris, Fabregat, Graf and
Kinshuk [7] observed that the most reported benefits of using AR in educational
contexts were that students had better learning performance and increased
motivation. Saltan et Arslan[8] found evidence that the use of AR improves academic
performance, student engagement, student motivation and student satisfaction. Akçayır
et Akçayır [9] have also found that PLAR helps to improve learning outcomes in
educational contexts. Chiang et al[10] shows that the use of augmented reality in
physics education improves professional skills (e.g. spatial visualisation skills,
assembly skills) [10]

The integration of AR in physics laboratories aims to transcend the limitations inherent
in traditional teaching methods by providing students with interactive tools to explore 
and experiment with complex scientific concepts[11]. This innovative approach
represents a unique way of visualising abstract phenomena, making them more concrete
and accessible, which could potentially enhance understanding of the fundamental
principles of physics and generate greater interest in the subject among students [12]. 
In addition, AR reduces the time needed to visualise physical phenomena that are often
invisible, thus improving the overall effectiveness of physics learning[13]. Compared
with traditional teaching methods such as reading paper documents, PLAR stimulates
students' motivation and interest in learning[14]. AR-based laboratory experiments
allow students to develop deeper learning skills, significantly improving the quality of
physics teaching[15]. 

The integration of AR into physics laboratories has significantly improved student
performance, offering significant benefits in several key areas of learning [16]. 
Advances in AR technology have enhanced the visualisation of physical phenomena,
optimised the efficiency of experiments and deepened our understanding of concepts
[6]. Research has shown that the use of AR in practical physics work has not only led
to an improvement in students' results, but also to a reduction in the time needed to
carry out experiments [17], A recent study highlighted that AR applications in physics
laboratory experiments have facilitated the development of learning skills in students,
while enhancing the quality of teaching and providing enriching opportunities for
analysis, discussion and evaluation [14]. Research has also shown that the use of AR in
physics laboratories has significantly improved the success of learning and the
preparation of experiments, guaranteeing a safer and more efficient learning process.
[11]. The use of interactive 3D models of circuits and circuit components, made 
possible by AR, allowed students to visualise, manipulate and explore concepts in a 
more immersive and hands-on way [18]. In addition, studies have shown the positive
impact of AR on students' motivation, skills and attitudes towards practical physics
work, underlining its crucial role in improving the overall laboratory learning
experience [19]. However, despite the promising results, certain gaps remain in the

1 Introduction 

Pedagogical tools have proved effective in improving the learning and teaching 
environment in the classroom and have even changed the way we think about education. 
One such technology that is receiving increasing attention in educational research is 
augmented reality (AR)[1]. AR is a type of technology that adds an extra layer of virtual 
information to the real world[2]. It allows users to discover the real world with virtual 
objects superimposed on them via a computer or smartphone camera [3]. In the field of 
education, AR allows students to be fully immersed in a semi-virtual environment 
through their senses[4]. This technology offers exceptional pedagogical opportunities 
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for educational users, including mobility, visualisation, alternative perspectives, 
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perspectives[5]. Thanks to a relevant formative assessment mechanism, AR-based 
learning considerably improves learners' learning and motivation and reduces their 
cognitive load[6]. for example, Bacca-Acosta, Baldiris, Fabregat, Graf and 
Kinshuk [7] observed that the most reported benefits of using AR in educational 
contexts were that students had better learning performance and increased 
motivation.  Saltan et Arslan[8]  found evidence that the use of AR improves academic 
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et Akçayır [9] have also found that PLAR helps to improve learning outcomes in 
educational contexts. Chiang et al[10] shows that the use of augmented reality in 
physics education improves professional skills (e.g. spatial visualisation skills, 
assembly skills) [10] 

The integration of AR in physics laboratories aims to transcend the limitations inherent 
in traditional teaching methods by providing students with interactive tools to explore 
and experiment with complex scientific concepts[11]. This innovative approach 
represents a unique way of visualising abstract phenomena, making them more concrete 
and accessible, which could potentially enhance understanding of the fundamental 
principles of physics and generate greater interest in the subject among students [12]. 
In addition, AR reduces the time needed to visualise physical phenomena that are often 
invisible, thus improving the overall effectiveness of physics learning[13]. Compared 
with traditional teaching methods such as reading paper documents, PLAR stimulates 
students' motivation and interest in learning[14]. AR-based laboratory experiments 
allow students to develop deeper learning skills, significantly improving the quality of 
physics teaching[15].  

The integration of AR into physics laboratories has significantly improved student 
performance, offering significant benefits in several key areas of learning [16]. 
Advances in AR technology have enhanced the visualisation of physical phenomena, 
optimised the efficiency of experiments and deepened our understanding of concepts 
[6]. Research has shown that the use of AR in practical physics work has not only led 
to an improvement in students' results, but also to a reduction in the time needed to 
carry out experiments [17], A recent study highlighted that AR applications in physics 
laboratory experiments have facilitated the development of learning skills in students, 
while enhancing the quality of teaching and providing enriching opportunities for 
analysis, discussion and evaluation [14]. Research has also shown that the use of AR in 
physics laboratories has significantly improved the success of learning and the 
preparation of experiments, guaranteeing a safer and more efficient learning process. 
[11]. The use of interactive 3D models of circuits and circuit components, made 
possible by AR, allowed students to visualise, manipulate and explore concepts in a 
more immersive and hands-on way [18]. In addition, studies have shown the positive 
impact of AR on students' motivation, skills and attitudes towards practical physics 
work, underlining its crucial role in improving the overall laboratory learning 
experience [19]. However, despite the promising results, certain gaps remain in the 

literature, notably the lack of comparison with traditional teaching methods and the 
absence of objective measures of the effectiveness of the AR experience. In this 
context, our article aims to fill these gaps by examining the impact of the use of AR in 
physics practical work, focusing specifically on the study of righting TP. By assessing 
the performance of university students, our research aspires to provide valuable insights 
to inform educational practitioners on the benefits and challenges of integrating AR 
into physics laboratories More specifically, the aims of this study are: 

What is the impact of using augmented reality in physics laboratories on students' 
academic performance, particularly in terms of exam results, knowledge retention and 
the acquisition of experimental skills? 

2 Research methodology 

The methodology adopted in this study aims to examine the impact of the use of 
augmented reality on the performance of third-year undergraduate and first-year 
masters students in physics chemistry in practical physics sessions, with a particular 
focus on the case of straightening. The study sample is made up of 180 male and female 
students from the Ecole Normale Supérieure, selected at random to ensure a balanced 
representation of the two levels of study. 
As part of this research, an experimental device was designed to evaluate the students' 
performance before and after the augmented reality intervention. This evaluation was 
carried out in two stages: firstly, a pre-test was administered before any augmented 
reality intervention, aimed at assessing the participants' level of understanding and 
competence in physics straightening. Then, after a period of intervention using AR in 
practical physics sessions, a post-test identical to the pre-test was carried out to measure 
any changes in the students' performance. 

The experiment was carried out in several distinct stages to ensure a rigorous 
methodology and accurate assessment of the impact of augmented reality on student 
performance. Firstly, a preliminary experimental design phase was undertaken, during 
which the augmented reality tools were selected and integrated as part of the physics 
practical work sessions on straightening. The students were then randomly divided into 
two groups, an experimental group that took part in the physics practical sessions using 
augmented reality, and a control group that followed the sessions in the traditional way, 
without the use of augmented reality (see Figure 1). 
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Fig. 1. Screenshot of the laboratory manuals for the experimental (left) and control (right) 
groups. 

The main phase of the experiment involved the implementation of AR intervention in 
the physics practical sessions for the experimental group. During this time, students 
used AR devices to virtually manipulate electrical components and visualise 
rectification concepts in action. The sessions were designed to provide an immersive 
and interactive experience, allowing students to manipulate abstract concepts in a 
concrete way (see Figure 2). Through the perception of the marker label on the paper 
by a webcam or mobile device, augmented components (e.g. text, audio, video and 
links to additional materials and 3D objects) are produced by the AR 

 

Fig. 2. screenshot of the procedure for accessing AR resources  

As part of this study, AR application specially developed for practical physics 
sessions was used. This application was designed to be compatible with common 
mobile devices such as smartphones and tablets, allowing users to view virtual 
schematics of electrical circuits superimposed on real circuits. This feature provides 
an immediate, interactive experience for users. In addition, the application 
incorporates features such as automatic detection of electrical components and the 
ability to interact with them in real time. The addition of these further details about 
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the AR technologies used in this study is intended to facilitate the replication and 
application of the methodology in other similar studies. 

At the same time, the control group followed the practical sessions in the 
conventional way, using traditional teaching aids such as textbooks and practical 
demonstrations. Particular care was taken to ensure that the teaching conditions 
between the two groups remained as equitable as possible, with the exception of the 
use of AR in the experimental group. 

The use of a pre-test and a post-test allows a direct comparison of students' performance 
before and after the AR intervention, thus providing significant quantitative data on the 
effectiveness of this learning method. This rigorous methodological approach will 
enable an in-depth evaluation of the impact of AR on students' physics skills, 
particularly in the specific context of recovery. 

3 The Results 

In this study, students' performance was assessed through a pre-test and a post-test, 
before and after the AR intervention, respectively. The results presented below (see 
Table 1) provide an in-depth overview of the differences observed between the 
experimental and control groups, as well as relevant statistical analyses, highlighting 
the implications of this innovative intervention on physics learning. 

Table 1. ANOVA analysis of the pre-test results for the control and experimental groups 

variable groupe N Mean SD F P 
Pré-test Groupe de 

contrôle  
90 14,0207 1,17827  

,000 
 

,021 
Groupe 
expérimentale 

90 14,0236 1,18817 

 

The results of the analysis of variance (ANOVA) for the pre-test indicate a striking 
similarity between the initial performance of the two groups before any AR 
intervention. The means of the control and experimental groups were very close, with 
similar standard deviations. Although the F-test showed a slight variation between the 
means of the two groups, the difference observed was minimal and not significant. 
These results suggest that the initial performance of the two groups was virtually 
identical before the intervention. 
The impact of the augmented reality intervention on students' performance in the post-
test is presented in the table below (see table 2), highlighting the differences between 
the control group and the experimental group. 
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Table 2. ANOVA analysis of post-test results for control and experimental groups 

variable groupe N Mean SD F P 
Post-test Groupe de 

contrôle  
90 14,0207 1,17827  

839,749 
 

,000 
Groupe 
expérimentale 

90 19,3307 ,79138 

 
The results of the analysis of variance (ANOVA) revealed a significant difference 
between the performance of the control and experimental groups after the AR 
intervention. The experimental group obtained a significantly higher mean score than 
the control group, indicating a positive effect of the intervention on students' 
performance in physics. The variation observed between the two groups was not due to 
chance, as suggested by the high F test, and the very low p-value confirms the 
significance of this difference. 
 

4 Discussion and conclusion 

In this study, the use of AR technology in practical physics work was tested to measure 
the effects on the performance of university students. The superior performance 
observed among students in the experimental group at the post-test clearly indicates the 
benefits of this intervention on their learning. AR offers a deeper immersion into 
abstract physical concepts, allowing students to visualise and manipulate virtual objects 
in three dimensions. This interactive approach encourages a more intuitive and concrete 
understanding of concepts, which can lead to improved performance. These results 
have also been predicted by studies in the literature [17], [20], [21] which highlights 
the potential of AR to enhance learning by providing realistic simulations and making 
it easier to understand complex concepts. 

Furthermore, the similarity of initial performance between the two groups, as evidenced 
by the pre-test results, strengthens the internal validity of our study and confirms that 
the observed improvements are attributable to the RA intervention rather than to initial 
differences between the groups. This suggests that AR played a crucial role in 
improving the performance of students in the experimental group. However, despite 
these promising results, it is important to acknowledge the limitations of our study. The 
limited duration of the intervention and the small number of participating students may 
limit the generalisability of the results. In addition, external factors such as the students' 
level of familiarity with AR technology could have influenced the results. 
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understanding of concepts, which can lead to improved performance. These results 
have also been predicted by studies in the literature [17], [20], [21] which highlights 
the potential of AR to enhance learning by providing realistic simulations and making 
it easier to understand complex concepts. 

Furthermore, the similarity of initial performance between the two groups, as evidenced 
by the pre-test results, strengthens the internal validity of our study and confirms that 
the observed improvements are attributable to the RA intervention rather than to initial 
differences between the groups. This suggests that AR played a crucial role in 
improving the performance of students in the experimental group. However, despite 
these promising results, it is important to acknowledge the limitations of our study. The 
limited duration of the intervention and the small number of participating students may 
limit the generalisability of the results. In addition, external factors such as the students' 
level of familiarity with AR technology could have influenced the results. 

914             A. Laila et al.

Future research could deepen our understanding of the underlying mechanisms of AR 
learning. By exploring the different ways in which students interact with virtual 
environments and identifying the most effective learning strategies, we could maximise 
the impact of this technology on education. In addition, it would be interesting to study 
the long-term effect of using AR on students' performance and motivation to learn. In 
conclusion, our study shows that the integration of AR into practical physics work 
offers significant potential for improving student learning. The results of our analysis 
revealed superior performance among students in the experimental group, suggesting 
that the interactive immersion offered by AR can foster a deeper understanding of 
physics concepts and lead to higher academic achievement. 
In addition, an in-depth analysis of student reactions to the use of AR could provide 
valuable insights into the psychological and emotional aspects of AR learning. 
Understanding how students perceive and react to this technology could help educators 
design more inclusive learning experiences and overcome potential barriers to its 
widespread adoption. By focusing on these aspects, future research could help shape 
more effective and meaningful use of AR in education, paving the way for major 
advances in educational technology. 
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Future research could deepen our understanding of the underlying mechanisms of AR 
learning. By exploring the different ways in which students interact with virtual 
environments and identifying the most effective learning strategies, we could maximise 
the impact of this technology on education. In addition, it would be interesting to study 
the long-term effect of using AR on students' performance and motivation to learn. In 
conclusion, our study shows that the integration of AR into practical physics work 
offers significant potential for improving student learning. The results of our analysis 
revealed superior performance among students in the experimental group, suggesting 
that the interactive immersion offered by AR can foster a deeper understanding of 
physics concepts and lead to higher academic achievement. 
In addition, an in-depth analysis of student reactions to the use of AR could provide 
valuable insights into the psychological and emotional aspects of AR learning. 
Understanding how students perceive and react to this technology could help educators 
design more inclusive learning experiences and overcome potential barriers to its 
widespread adoption. By focusing on these aspects, future research could help shape 
more effective and meaningful use of AR in education, paving the way for major 
advances in educational technology. 
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        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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