
 

Online Learning in Educational Research 
Volume 6, Issue 2, 55-67. 

e_ISSN: 2798-2351 
https://www.journal.foundae.com/index.php/oler/index 

            DOI: 10.58524/oler.v6i2.1111 
 

 

Augmented Reality-Supported Reading Instruction: Fostering Reading 
Literacy and Critical Thinking in Primary Schools 

 
Febrina Dafit* Khairil Ansari Yusnadi  

Universitas Islam Riau, 
INDONESIA 

Universitas Negeri Medan, 
INDONESIA 

Universitas Negeri Medan, 
INDONESIA 

 
 

Article Info   Abstract  
 
Article history: 

Received: February 24, 2026 
Revised: April 19, 2026 
Accepted: May 19, 2026 

  

The fast-paced development in information technology has resulted in a change i 
The increasing integration of digital technologies into primary education has 
created new opportunities to strengthen literacy instruction, yet empirical 
evidence on how augmented reality (AR) supports both reading literacy and 
critical thinking among young learners remains limited. This study investigated 
the effectiveness of AR-supported reading instruction in enhancing primary 
school students’ reading literacy and critical thinking while exploring their 
learning experiences in technology-enhanced classrooms. An explanatory 
sequential mixed-methods design was employed involving 147 fifth-grade 
students from two primary schools in Pekanbaru, Indonesia. Quantitative data 
were collected through pre- and post-intervention assessments, followed by 
semi-structured interviews with selected students and teachers to explain the 
observed learning outcomes. The findings indicate that AR-supported instruction 
substantially improved students’ reading literacy and critical thinking compared 
with conventional classroom learning. Qualitative evidence further revealed that 
interactive three-dimensional visualizations, collaborative learning activities, 
and teacher-guided questioning promoted deeper text comprehension, active 
participation, and analytical reasoning throughout the learning process. This 
study extends current research by demonstrating that the educational value of 
augmented reality lies not only in its technological features but also in its capacity 
to facilitate meaningful instructional interactions that support higher-order 
cognitive development. The findings provide practical guidance for integrating 
augmented reality into primary literacy instruction to foster students’ reading 
literacy and critical thinking in digitally enriched learning environments. 
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INTRODUCTION 

Every school across the world is required to change its teaching style due to the digital shift in 
the field of education (Parmaxi & Demetriou, 2020). Teachers in elementary schools are increasingly 
expected to adapt their teaching practices in response to the ongoing digital transformation in 
education (Vedrenne-gutiérrez et al., 2024). Children, now more than ever, are required to learn to 
read, write, and think critically in the fast-paced and globalized world of the twenty-first century. 
According to Kirsch & Lennon, (2017), OECD, (2019) and Meng et al., (2025) and other educational 
research, the most essential skills that children are required to learn to succeed academically and in 
their future lives are reading and writing. In addition to providing knowledge, reading and writing 
help children comprehend, think critically, and develop interpersonal skills (Alramamneh et al., 
2023; Castles et al., 2018). Beyond their role in academic achievement, reading and writing are also 
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associated with students’ readiness to progress to higher levels of education, including college 
admission (Asadi & Ebadi, 2024; Chang et al., 2025). In addition to providing children with 
knowledge, reading and writing help them think and develop interpersonal skills, which are essential 
in the formation of friendships (Li et al., 2025; Wong & Hughes, 2023). Elementary school children 
are required to develop their reading and writing skills in order to cope with the challenges that come 
with learning in the twenty-first century. 

Given the fact that reading helps in language acquisition and understanding the world globally, 
the ability to read is more important now than ever before. Reading ability has been shown to 
influence worldview and cognitive skills, as confirmed by numerous studies done globally (Alkhabra 
et al., 2023; Tian & Ironsi, 2025). Among the most important factors that determine the quality of the 
education system in a country are reading literacy, as confirmed by the Progress in International 
Reading Literacy Study (PIRLS) and the Programme for International Student Assessment (PISA). 
Contrary to this, Indonesian students are failing in reading literacy. About 70% of children in 
Indonesia were unable to read even at Level 2, which is the lowest level, according to the OECD PISA 
2018 report. This implies that only 30% of the children in Indonesia are capable of reading and 
understanding (OECD, 2019). This is further confirmed by the fact that the majority of the children 
in Indonesia are only basic readers and cannot even make inferences from the reading material 
(Caffrey et al., 2023; Rusli et al., 2025). Improving the reading ability of elementary school children 
in Indonesia is one of the best ways of improving the education system in the country. 

Recent classroom observations and preliminary findings indicate that many students in public 
elementary schools in Pekanbaru, Indonesia, still experience difficulties in comprehending reading 
texts. This finding is consistent with previous studies showing that primary school students often 
struggle to understand texts at a deeper level (Afflerbach et al., 2020; Alkhabra et al., 2023). People 
tend to read in a mechanical way and only concentrate on what is immediately obvious. In many 
cases, students tend to engage in surface-level reading, focusing only on explicitly stated information. 
As a result, they encounter difficulties in understanding the overall meaning of texts, identifying main 
ideas, and responding to questions that require higher-order thinking (Tian & Ironsi, 2025). In 
addition, repetitive instructional practices may reduce students’ motivation to engage with reading 
materials, particularly those requiring critical interpretation (Kusuma & Rahmawati, 2025; Li et al., 
2025; Wong & Hughes, 2023). This condition highlights a gap between the goals of 21st-century 
education, which emphasize active and critical engagement in reading, and current classroom 
practices. Therefore, there is a need to improve instructional approaches to support students’ 
reading comprehension more effectively (Luo, 2023; Parmaxi & Demetriou, 2020). Reading alone is 
not sufficient to address the challenges of contemporary education. Students are also expected to 
interpret, analyze, and connect what they read with real-world contexts.  

By reading alone, the challenges that the twenty-first century presents cannot be overcome. 
They must also be able to understand, think, and connect what they read with the real world. 
According to Vongkulluksn et al. (2023) the traditional method cannot effectively support the 
acquisition of critical literacy skills, which is an important aspect of learning in the contemporary 
world. Technology-based learning is an alternative solution that can effectively support the 
communication of students, tailor learning to the needs of the individual, and increase the number of 
learning resources available to learners (Sari et al., 2022; Widiarni et al., 2024; Zahara & Jupri, 2022). 
Technology can also help the learning process for children to learn more about what they read and 
write, making reading and writing courses much more fun. Moreover, they can prepare the students 
to think critically about the information they read in the contemporary world of knowledge. 

Augmented reality (AR) is an emerging technology that has been increasingly applied in 
educational contexts (Wulansari et al., 2025; Zainuddin et al., 2025). AR integrates digital 
information with the real-world environment, allowing users to interact with virtual objects within 
a physical setting (Pérez-Cova et al., 2022; Smith et al., 2020). The implementation of technologies 
such as computer vision and interactive media makes it possible to make abstract and complex 
notions appear as understandable representations (Candido & Cattaneo, 2025; Twabu, 2025). In the 
field of education, AR was shown to be promising due to its ability to represent learning material in 
a multimedia format, incorporating various aspects, including visual, textual, and interactive. The 
ability of AR technologies to facilitate multimodal representation becomes particularly important for 
disciplines where students need to form an adequate understanding of theoretical information, as 
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these technologies can assist in connecting textual and contextual representations of ideas (Polat et 
al., 2025; Staneviciene & Žekienė, 2025). It has already been shown that the use of AR can improve 
the engagement and performance of students. Yet most research conducted thus far has concentrated 
on higher or secondary education in sciences and technologies. There is no substantial evidence 
about the application of AR in primary education regarding reading literacy and critical thinking. In 
addition, existing studies have predominantly relied on quantitative approaches, providing limited 
insight into the learning processes experienced by students. Therefore, this study seeks to examine 
the impact of AR learning media on primary school students, with a particular focus on reading 
literacy and critical thinking skills, while also considering students’ learning experiences through a 
mixed-methods approach. 

 
METHOD 

For the purpose of gaining a thorough knowledge of the topic of the research, a mixed 
methodology was used in this research, whereby both qualitative and quantitative methods of 
research were utilized. The process involves analyzing quantitative data before collecting qualitative 
data. For the quantitative method, a quasi-experimental design was used for the examination of the 
effect of Augmented Reality (AR) as a learning media towards improving students' reading literacy 
and critical thinking skills. While the qualitative analysis involved studying students' and teachers' 
experiences in applying AR-based learning (Ferron et.l., 2023; Gopalan et al., 2023). 

 
Participants 

A total of 147 students from the fifth grade of SDIT Bunayya and SDIT Imam Syafii in 
Pekanbaru, Indonesia, served as the research sample. Total sampling was conducted since all 
individuals from the population were involved in the research process. Since the experiment took 
place naturally in the class setting, the students were divided into intact groups, comprising one 
experimental group (n = 73) and one control group (n = 74). The experimental group was taught 
using augmented reality (AR) learning media, while the control group received conventional 
instruction without the use of technology. A pretest was administered before the intervention to 
assess students’ initial levels of reading literacy and critical thinking skills and to ensure baseline 
comparability between the groups. 

. 
Research Procedure and Intervention 

Three phases were involved in the research process, namely preparation, implementation, and 
evaluation. The preparation stage included the development of the research instruments, which 
consisted of the reading literacy test and the critical thinking test, designed by the researcher 
following the theories and findings from previous research works. Instruments for the test were 
created according to indicators for measuring students' proficiency in reading literacy and critical 
thinking skills. Afterwards, the instruments were assessed by subject matter experts to measure 
content validity. A pilot study was then performed to measure the reliability of the instruments 
before conducting the main research process. 

At the beginning of the experiment, a pre-test was carried out in order to determine the level 
of reading literacy skills and critical thinking skills possessed by the students. The duration of the 
intervention was six weeks. During this phase, the experimental group received teaching assisted by 
augmented reality (AR) learning media in the Indonesian language, especially narrative texts. The AR 
media application was used through tablet computers, where students were able to experience 
interaction with 3D visualization and animation related to the narrative texts. 

The use of AR was conducted through instructional activities in a structured format. The 
teachers helped the learners interact with the AR by encouraging them to undertake guided reading, 
questioning sessions, and discussions. The learners were encouraged to use the AR functions, analyze 
the story that was visualized in it, and make connections between the visuals and the text contained 
in the learning resources. 

On the other hand, the control group was subjected to conventional classroom instruction. In 
this case, students read from their textbooks and undertook activities in worksheets. Both groups 
were given similar learning objectives, learning period, and content coverage. After the completion 
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of the learning activity, a post-test was conducted to determine the influence of the AR on the 
learners’ literacy and critical thinking skills. 
 
Data Collection 

The reading literacy skills and critical thinking skills of the learners were measured through 
pre-tests and post-tests. In the case of reading literacy skills, the assessment focused on the ability of 
the learners to perform different tasks like comprehension, analysis, evaluation, and conclusion-
making. On the other hand, the assessment of critical thinking skills was done by focusing on different 
criteria like argument building, reflection, and fact versus opinion discrimination. All these skills have 
been linked to higher-order thinking skills in Bloom’s taxonomy (Cammies et al., 2024; Sagala & 
Andriani, 2019). 

In the qualitative part of this research, twelve students from the experimental class and five 
teachers were selected using a purposive sampling technique. The criterion for selecting the 
participants was based on the fact that the participants should be those who were actively engaged 
in the implementation of the AR learning program. The researchers used semi-structured interviews 
in order to understand the experience of the learners and the teachers about AR learning technology. 
The total number of participants in the qualitative study was considered enough to find some 
recurring trends in the learning experience of the learners. 

Furthermore, classroom observations were made during the entire duration of the study to 
assess the actual use of the AR learning media in class. This observation was made by the researchers 
using an observation guide, which mainly focused on the learners' engagement with the AR media, 
participation in the learning process, and teacher facilitation in the process of instruction. 

 
Analysis Data 

The quantitative data obtained were analyzed by means of the Statistical Package for Social 
Sciences (SPSS). In order to test the effect of the augmented reality (AR) intervention on the 
dependent variables, which include reading literacy and critical thinking skills, a one-way MANOVA 
statistical test was applied. It is believed that MANOVA was an appropriate choice because the 
researcher sought to evaluate two interrelated dependent variables at the same time. 

It should be noted that while the pre-test and post-test design was implemented in the current 
research, the primary analysis involved comparing the post-test scores between the experimental 
and control groups in order to investigate the effect of the intervention on the dependent variables. 
As for the pre-test scores, they were analyzed through descriptive statistics to ensure comparability 
between the groups before the intervention. The following MANOVA model can be presented: 

 
𝐘 = 𝐗𝐁 + 𝐄 

Where: 
Y represents the matrix of dependent variables,  
X represents the design matrix of the independent variable (group membership),  
B represents the matrix of regression coefficients, 
E represents the matrix of error terms. 
 

Before conducting the analysis, the assumptions of MANOVA were examined. Normality was 
assessed using the Kolmogorov–Smirnov test, while homogeneity of covariance matrices was tested 
using Box’s M test. For the qualitative data, thematic analysis was conducted following (Braun and 
Clarke, 2006). The analysis involved familiarization with the data, initial coding, theme development, 
and interpretation to identify recurring patterns in students’ and teachers’ experiences with the use 
of AR learning media. 

 
RESULTS AND DISCUSSION 

Once the research instruments were validated, this section presents the descriptive and 
inferential statistical analysis of the quantitative data, as well as the empirical study’s results. These 
are the statistical underpinnings of the more in-depth discussions that follow. 
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Quantitative Findings 
Instrument Validity and Reliability 

The reliability of the tools used for collecting the data is the foundation of the reliability of the 
results obtained through the quantitative research method. Thus, the reading literacy and critical 
thinking tests were subjected to a rigorous validation procedure before the main study commenced. 
For the purpose of ensuring that the main study remains separate from the validation procedure, a 
pilot test was conducted with a group of thirty students. For each test item, the correlation between 
the item score and the test score was obtained using the Pearson product-moment correlation 
coefficient. If the value of 'r' was greater than the critical value of 0.361 (df = 28, p = 0.05), the test 
item was retained. The results of the reliability tests were obtained through the use of Cronbach’s 
alpha. The detailed results of the tests conducted in this regard are presented in Table 1. 
 

Table 1. Summary of Instrument Validity and Reliability Analysis 

Instrument 
Number 
of Items 

Valid 
Items 

Invalid 
Items 

Cronbach’s 
Alpha 

Interpretation 

Reading Literacy Test 25 22 3 0.915 Excellent Reliability 
Critical Thinking Test 20 18 2 0.898 Good Reliability 

 
From the results of the instrument testing, it was found that out of 20 items in the critical 

thinking test instrument, 18 were statistically valid, while out of the 25 items in the reading literacy 
test instrument, 22 were statistically valid. In addition, the invalid items were eliminated to enhance 
the psychometric properties of the instruments. Internal consistency of the reading literacy test was 
very high since its Cronbach’s Alpha was 0.915, while that of the critical thinking test was high with 
an Alpha of 0.898. 

 
Descriptive and Inferential Analysis 

The main purpose of the quantitative study was to identify the factors that contributed to the 
effectiveness of the AR-based educational intervention. In the first part of the analysis, the pre-test 
and post-test results were examined descriptively. Then, Multivariate Analysis of Variance was 
employed to test the primary hypothesis. 

 
Descriptive Statistics 

Table 2 shows the mean scores and standard deviations for the experimental group, which 
used the AR method, as well as the control group. It is important to note that the above assessment 
clearly indicates the changes that occur in the reading and critical thinking skills from before the test 
to after the test. 

 
Table 2. Descriptive Statistics of Pre-Test and Post-Test Scores for Reading Literacy and Critical 

Thinking Skills 

Group Variable Test N Mean Std. Deviation Std. Error Mean 

Experimental 
Reading Literacy 

Pre-test 73 65.21 9.88 1.16 
Post-test 73 83.96 8.03 0.94 

Critical Thinking 
Pre-test 73 72.89 9.54 1.12 
Post-test 73 90.01 7.52 0.88 

Control 
Reading Literacy 

Pre-test 74 64.88 9.95 1.15 
Post-test 74 66.96 9.64 1.12 

Critical Thinking 
Pre-test 74 71.95 9.81 1.14 
Post-test 74 73.81 9.15 1.06 

 
As shown in Table 2, both the experimental and control groups had comparable mean scores 

in the pre-test for reading literacy and critical thinking skills. However, differences between the 
groups became evident in the post-test results. The experimental group demonstrated a substantial 
increase in mean scores, with gains of 18.75 points in reading literacy and 17.12 points in critical 
thinking. In contrast, the control group showed only modest increases of 2.08 points in reading 
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literacy and 1.86 points in critical thinking. These results indicate a greater improvement in reading 
literacy and critical thinking skills in the experimental group compared to the control group. 
 
Hypothesis Testing 

In order to test the hypotheses posed by the research question, a one-way Multivariate Analysis 
of Variance (MANOVA) was employed. Before running the analysis, the assumptions of MANOVA 
were checked. The findings of Levene’s Test for Equality of Error Variances confirmed that the 
assumption regarding homogeneity of variances was met in the case of dependent variables (p > .05). 
Furthermore, according to the findings of the Box’s M test, the assumption of homogeneity of 
covariance matrices was fulfilled (Box’s M = 5.153, F = 1.692, p = .166). Finally, the distributions of 
all variables met the requirements regarding normality (the Kolmogorov-Smirnov test confirmed 
that p > .05). Thus, the necessary assumptions for the analysis to be conducted were fulfilled. 

As for the outcome of the multivariate analysis, there was found to be a statistically significant 
effect of the instructional approach on the composite dependent variables (F (2, 144) = 145.953, p < 
.001, Wilks’ Lambda = .330; partial η² = .670, which indicates a large effect size). 

The between-subjects analysis also revealed that there was a statistically significant effect of 
the instructional strategy on each dependent variable. For reading literacy, there was a significant 
difference between groups as indicated by the analysis of variance, F (1, 145) = 134.887, p < .001 
with a large effect size (partial η² = .482). Similarly, critical thinking skills were significantly different 
between groups, F (1, 145) = 137.386, p < .001, with a large effect size (partial η² = .487). 

As can be seen, learners in the experimental group performed better than those in the control 
group in terms of both reading literacy and critical thinking skills. Descriptive comparisons of the 
pre-test and post-test scores of learners provide a clearer picture of their performance in the 
experiment. Descriptive comparisons of the pre-test and post-test scores of learners provide a 
clearer picture of their performance in the experiment. This can be shown in Figure 1. 

 

 
Figure 1. Comparison of Mean Scores for Reading Literacy. Source: Data analysed (2026) 

 
The increased level of reading literacy among the students may be a result of using augmented 

reality for teaching purposes, since the technology promotes better comprehension of text materials. 
The incorporation of visual aids through augmented reality may also facilitate vocabulary acquisition 
and allow students to relate the major themes to their representations within the context. Moreover, 
the interactional nature of augmented reality may foster student engagement when reading. As 
suggested, Leonia et al (2025) technology integration allows for more meaningful interaction with 
textual information, and in this case, AR may serve as a link between the verbal text and other 
learning modalities. 

The figures presented above are clear enough, as seen from Figure 1, which represents the level 
of learning gained by the experimental group as compared to the control group. Furthermore, Figure 
2 demonstrates how augmented reality affects critical thinking skills development. 
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Figure 2. Comparison of Mean Scores for Critical Thinking. Source: Data analysed (2026) 

 
This study offers new and relevant empirical evidence within the context of Indonesian 

language instruction at the elementary school level by demonstrating that the use of AR media 
significantly enhances students’ reading literacy and critical thinking skills. The integration of AR 
enables the presentation of narrative texts in a multimodal format, in which textual, visual, and 
auditory elements are combined within a contextualized learning ecosystem. In addition to helping 
learners comprehend narrative structure, character recognition, and event relations within texts and 
their corresponding real-life experiences, this strategy is also supported by findings from Bursali & 
Yilmaz (2019). These authors found that AR applications used during reading lessons help improve 
comprehension through increased interest and active participation in learning processes. 
Furthermore, Zhang et al (2024) point out that the quality of teachers and instructional techniques 
should also be considered key factors in developing reading literacy. 

 
Qualitative Results 

However, while the data is statistically correct, it is just one aspect of the whole study. The 
findings from the experimental group were significant enough for us to further investigate the 
theories behind the results. In this section, we will integrate the overall findings along with the 
statistical data to create an effective argument as we go further into exploring technology, education, 
and cognition in the context of augmented reality learning. 
 
The Reading Literacy and Critical Thinking Skill of AR-Mediated Learning  

As seen from the results obtained from the qualitative analysis, there was an improvement in 
the level of comprehension for the students through interaction with AR-based learning resources. 
Visuals incorporated within the AR application, including 3D visuals and animations within the story, 
were mentioned by many participants as having made it easier for them to understand the text. One 
participant noted, “It’s easier to understand what is happening when the character appears in front of 
me.” This shows that the integration of multimodal representation assisted students in 
comprehending the text presented to them (Akçayır & Akçayır, 2017; Garzón & Acevedo, 2019) 

Apart from enhanced comprehension, the results also indicate increased engagement in 
reading tasks. Observations within the classroom showed that the learners were actively 
participating in discussion, responding to teacher prompts more often, and being more attentive 
when AR features were incorporated into their lessons. These findings support the claims made in 
the literature about the benefits of an AR-based learning environment in terms of enhancing 
engagement and motivation among learners (Ibáñez & Delgado-Kloos, 2018; Radianti et al., 2020). 

From a cognitive perspective, these findings can be interpreted in light of multimedia learning 
principles. The integration of visual and verbal information through AR may facilitate the 
construction of mental models, thereby supporting deeper comprehension (Mayer, 2009). At the 
same time, AR may help reduce cognitive load by presenting information in a more structured and 
accessible format, allowing learners to process complex information more effectively (Sweller et al., 
2019). In this context, AR functions as a bridge between textual information and experiential 
learning, supporting both reading literacy and the development of critical thinking skills. 
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Development of Critical Thinking in AR-Mediated Learning  
The results obtained from this experiment suggest that there has been a marked improvement 

in the critical thinking skills of students, with a mean increase of 17.12 points for the experimental 
group. This indicates that using AR-based learning media improves higher-order thinking skills more 
than traditional methods of teaching. 

Additional information about the phenomenon in question can be derived from qualitative 
data. The participation of students in AR-based exercises seemed to facilitate their progression from 
mere interest to analysis. Specifically, while engaging in AR-based reading exercises, students were 
found analyzing the characters’ behavior and visual cues within the story. One student commented, 
“Watch his expression when he looks away,” while another added, “I think he’s not just angry, he’s 
furious.” These interactions indicate that students were engaging in interpretation and inference, 
which are key components of critical thinking. 

The data also show that AR-mediated learning supported several sub-indicators of critical 
thinking, including argumentation, analysis, and inference. Students actively discussed their 
interpretations of visual and textual information, compared different viewpoints, and justified their 
responses. Observations further revealed that teachers facilitated this process by posing open-ended 
questions such as “What do you think will happen next?” and “Why do you think that?” This suggests 
that the effectiveness of AR-based learning is closely linked to instructional strategies that encourage 
inquiry and reflection. 

These findings can be interpreted within the framework of higher-order thinking and 
multimedia learning. The integration of visual and verbal information through AR may support 
deeper processing by helping students construct meaning from multiple sources of information 
(Mayer, 2009). In addition, such learning environments may encourage analytical and evaluative 
thinking, as described in Bloom’s taxonomy (Anderson & Krathwohl, 2001; Sagala & Andriani, 2019). 
Previous studies have also reported that AR can support critical thinking by providing interactive 
and context-rich learning experiences (Ibáñez & Delgado-Kloos, 2018; Garzón & Acevedo, 2019). 
Overall, the results suggest that AR-based learning, when combined with appropriate instructional 
support, may contribute to the development of students’ critical thinking skills, particularly in the 
context of reading activities. 

 
Collaborative Learning in AR-Mediated Classrooms 

AR-mediated learning involved the development of new interaction patterns, especially in 
relation to the process of developing collaborative learning skills. From classroom observations and 
interviews with students and teachers, it is clear that learning processes have evolved from 
individual activities to more collaborative approaches. 

In order to facilitate the process of collaborating, students engaged in small groups, with each 
group working with one tablet device at a time. This means that for students to collaborate and 
complete tasks assigned to their groups, they had to communicate, negotiate interpretations and 
decisions, and work collaboratively as a whole. Activities became social rather than individual, which 
is characteristic of learning through interaction and collaboration typical of 21st-century learning 
theories (Rotar, 2025). 

Data analysis shows that the process of peer-assisted learning took place in these collaborative 
groups. Students who were proficient in using technological devices helped those who needed more 
help in using AR technologies. Moreover, the more competent students who understood narrative 
material were able to assist other students and explain difficult topics by visualizing concepts. This 
is indicative of socially mediated learning processes and Vygotsky’s concept of the Zone of Proximal 
Development (Vygotsky, 1978). 

Teachers also reported changes in participation patterns within collaborative groups. Students 
who were typically less active in whole-class discussions became more engaged when working in 
smaller groups. The use of AR appeared to provide alternative ways for students to contribute, 
particularly through interaction with visual and interactive elements. This suggests that AR-
mediated environments may support more inclusive participation in collaborative learning contexts. 

Overall, the findings indicate that collaborative interaction played a central role in the learning 
process, alongside the cognitive affordances of AR. When appropriately structured, AR-based 
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learning can support both social interaction and knowledge construction within group-based 
learning environments (Hammad et al., 2020).  

Teachers’ Role in AR-Mediated Learning 
The findings indicate that AR alone was not sufficient to influence learning outcomes without 

appropriate teacher support. In the AR-mediated learning environment, the teacher’s role shifted 
from primarily delivering content to facilitating students’ interaction with learning materials. 
Interview data from teachers suggest that this shift required changes in instructional practices, 
particularly in guiding students’ engagement with the AR activities. 

Some teachers initially expressed concern about using new technology in the classroom, 
particularly regarding classroom management and students’ responses to the AR media. For 
example, one teacher stated, “At first, I worried the students would treat it as a toy and not take it 
seriously. Then I realized that it was up to me to integrate the technology into the lesson, including how 
I planned my questions, managed the timing, and organized the group activities after the AR session.” 
This response indicates that the effectiveness of AR was closely related to how teachers structured 
and facilitated the learning process. 

These findings can be interpreted in relation to the Technological Pedagogical Content 
Knowledge (TPACK) framework, which emphasizes the integration of content knowledge, pedagogy, 
and technology in teaching practice. The interview data suggest that teachers who were able to use 
AR as part of a structured instructional strategy were more effective in maintaining students’ 
attention and guiding classroom discussion. 

In this context, the teacher functioned not only as an instructor but also as a facilitator who 
provided questions, prompts, and additional support based on students’ learning needs. Students 
who required more time to engage with visual models were able to do so, while others were 
encouraged to extend their understanding through deeper interpretation and discussion. This 
finding is consistent with previous studies suggesting that technology integration becomes more 
meaningful when supported by effective pedagogical practice (Safitri et al., 2025). Overall, the 
qualitative findings indicate that the contribution of AR to learning was strengthened when teachers 
played an active role in designing and facilitating the instructional experience. 
 
Implications for Theory, Practice, and Policy  

From a theoretical perspective, the findings extend existing work on multimedia learning by 
showing how augmented reality (AR) can support the integration of visual and verbal information in 
primary education contexts. The results suggest that principles related to dual coding and cognitive 
load may remain relevant in AR-mediated environments, particularly when learning materials are 
designed to support comprehension and reduce unnecessary cognitive demands (Mayer, 2009; 
Sweller et al., 2019). In addition, the qualitative findings indicate that AR can facilitate socially 
mediated learning processes, supporting the co-construction of knowledge in line with constructivist 
perspectives. 

From a practical perspective, the findings stress the necessity of proper instruction design and 
teacher facilitation in order to harness the potential of AR in an education setting. The findings reveal 
that AR technology will be most useful in learning environments where it promotes discussion, 
questioning, and collaboration. In this case, teachers are key participants in making sure that 
students' use of AR material supports learning objectives. Such findings reinforce the relevance of 
the TPACK approach, as the success of AR implementation would mean teachers have to be proficient 
not only in technology but also in pedagogy. 

From a policy perspective, the findings show that the implementation of AR in teaching is 
heavily dependent on the teachers' readiness for such changes. In this regard, there is a need for 
adequate policy frameworks that take into account the role of the infrastructure in technology 
implementation and the need for professional development of teachers in integrating technology into 
pedagogical practices. 
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LIMITATION 

This study is subject to several important limitations, most notably the non-random allocation 
of groups based on pretest results, which may introduce selection bias and limit internal validity. 
Furthermore, although pre-test scores were analyzed descriptively to ensure initial comparability 
between groups, they were not statistically controlled in the main multivariate analysis. This may 
limit the ability to fully account for baseline differences between groups and may have influenced the 
post-test outcomes. Future studies may employ more robust statistical procedures, such as 
MANCOVA or repeated-measures analysis, to provide stronger statistical control over initial group 
differences.  

Firstly, this study was conducted in a narrow educational setting, only including two primary 
schools in Pekanbaru, Indonesia. This study might not apply to other educational settings. Further 
studies need to be conducted to explore how this study works in different educational settings. 
Secondly, this study was conducted for only six weeks. Although this study showed significant short-
term learning outcomes in reading and critical thinking, it is still uncertain whether these learning 
outcomes persist in the long term. Thirdly, this study focused on reading literacy and critical thinking 
skills, but other learning outcomes, such as the level of student motivation, collaboration, creativity, 
or technology skills, were not explored in this study. Further studies need to be conducted to explore 
these learning outcomes to provide a better understanding of the overall impact of this study. Lastly, 
this study used a small sample size of qualitative data, including five teachers and twelve students. 
Further studies need to be conducted using a larger sample size of qualitative data to explore a wider 
range of views, but this study still provided significant information regarding teachers’ and students’ 
attitudes towards AR-based training.  

 
CONCLUSION 

This paper focused on assessing the extent of influence that augmented reality learning 
material could have on the reading literacy and critical thinking skills of the primary school students. 
It is clear from the results obtained in the paper that the group of participants who undertook their 
studies in an AR-learning environment performed better than their counterparts who undertook 
traditional classes in terms of both reading literacy and critical thinking. It should be noted that apart 
from quantitative results, there were also interesting qualitative outcomes of the study. These 
outcomes gave insights into the process of using AR-based learning material and helped identify how 
AR facilitated reading, interactions between peers, and active involvement in the process. 
Nevertheless, one should take into account that despite the impressive outcomes, the findings cannot 
be generalized. First of all, there are several limitations to this study because the quasi-experimental 
design was used. In addition, it took place in a specific educational setting, which means that some 
factors may affect its results. Overall, the findings of this study reveal that the use of AR learning 
materials has great prospects for enhancing the development of reading literacy and critical thinking 
skills of primary education students. 
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