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Abstract: Augmented Reality (AR) has the potential to transform learning by making complex
concepts and theories more engaging and easier for students to understand. This study examined
the effectiveness of an AR-based instructional strategy on science learning outcomes among
eighth-grade low vision students. A quasi-experimental pretest—posttest control group design was
used, involving 60 students selected through simple random sampling from two government-
sponsored, Bengali-medium, co-educational schools in the Kolkata municipality. The
experimental group (n = 32) learned the “World of Microbes’ unit in science through AR-assisted
pedagogy, which included interactive 3D models and immersive learning experiences. In
contrast, the control group (n = 30) was taught the same unit using conventional methods. Data
were collected using a self-developed standardized test with a reliability coefficient of 0.88.
Two-way ANCOVA was applied to analyse the data. The results showed that students in the AR
group achieved significantly higher learning outcomes than those in the control group. Further,
girls showed better performance in comparison to their counterparts. Overall, the findings
highlight the potential of AR-assisted pedagogy to enhance science education at the middle

school level for low vision students.

Keywords: Augmented reality, Science, Learning outcomes, Low vision students, Middle school

level.
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1. Introduction

The participation of students with disabilities in schools is steadily increasing worldwide
(Buchner et al., 2020). According to the United Nations’ Universal Declaration of Human
Rights, all learners have equal rights to education, regardless of race, colour, gender, language,
religion, region, social and cultural background, or special needs (UDHR, 1948). The Rights of
Persons with Disabilities (RPWD) Act, 2016, further states that individuals with visual
impairment may experience significant limitations in the skills required for independent living
and community participation, including challenges in communication, self-care, social
interaction, safety, and self-direction (RPWD Act, 2016). Science, as a discipline, plays a crucial
role in shaping everyday decisions and experiences. Therefore, it is important to adopt effective
teaching strategies that enhance students’ motivation and actively engage them in science
learning (Nurita et al., 2017; Rosa et al., 2019). However, many school students struggle to
understand a complex scientific concept, which often affects their interest and attitude toward the
subject (Sahin & Yilmaz, 2020). To address these challenges, the use of interactive visual aids in
the classroom is essential, as they help learners better grasp abstract and difficult concepts in

science.

According to information available on the website of the Department of Women and Child
Development and Social Welfare, Government of West Bengal, based on the 2011 Census, the
total population of persons with visual impairment in Kolkata city is approximately 1.1 million.
A large number of students with low vision studying in government-sponsored schools in the city
remain severely marginalized due to the lack of an appropriate and supportive learning
environment. At the Class VIII level, learners typically fall within the age range of 13-15 years,
a stage at which they are capable of understanding abstract concepts and solving problems, as
proposed by Piaget’s theory of cognitive development. The integration of modern technologies
in science education has been shown to enhance students’ understanding of scientific concepts
and improve their problem-solving skills (Uddin et al, 2023). In this context, augmented reality

(AR) has emerged as a powerful tool in creating a more engaging and supportive learning
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environment (AlAli et al., 2025). AR is a three-dimensional technology that enables learners to
better comprehend and experience the real world by overlaying it with virtual elements (Leung &
Blauw, 2020). Numerous studies have highlighted the effectiveness of AR in teaching and
learning science (Ibili & Sahin, 2015).

2. Review of Related Literature

According to Peikos and Sofianidis (2024), the use of augmented reality (AR) significantly
enhanced the motivational and cognitive outcomes of primary school students. It also improved
student engagement and understanding, while fostering a sense of creativity. A bibliometric
study covering the period from 2010 to mid-2023 further revealed that science education and
mobile AR have gained considerable importance in recent years (Singh et al., 2024). The
integration of AR has also contributed meaningfully to making the teaching—learning process
more effective. Several empirical studies highlight the positive impact of AR in secondary
education. Bhardwaj (2023) reported that the use of mobile-based AR applications in teaching
science to ninth-grade students led to significant improvements in their interest and academic
performance. Similarly, Chander (2023) found that ninth-grade students taught with AR
applications developed by NCERT showed notable gains in academic achievement. Talan et al.
(2022) also observed that AR applications had a positive effect on secondary school students’
academic performance in science, along with increased interest, motivation, and easier
comprehension of concepts. In the same vein, Abdullah et al. (2022) reported a positive
influence of AR on students’ academic achievement in science. Furthermore, Cetin and Turkan
(2021) demonstrated that incorporating AR into science instruction enhanced students’
achievement and fostered more positive attitudes toward the subject, even in distance learning
environments.

Augmented reality (AR) technology enriched the learning experience and proved to be an
effective instructional approach, particularly in the context of remote learning during the

COVID-19 pandemic. At the university level, the use of AR in physics laboratories was found to
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be beneficial in reducing students’ cognitive load and enhancing their competency levels (Thees
et al., 2020). Sahin and Yilmaz (2019) reported that integrating AR into science education
improved students’ academic achievement, fostered more positive attitudes toward the subject,
and was well accepted by learners without increasing anxiety. In a comprehensive review of 68
studies, Akcayir and Akcayir (2017) observed that most AR-based research has been conducted
with K-12 students. However, a synthesis of the existing literature reveals a significant gap: to
date, no study has specifically examined the impact of AR-based instructional strategies on

science learning outcomes among students with low vision.

3. Rationale of the Study

One of the most crucial aspects of implementing augmented reality (AR) applications in the
classroom 1is their potential to enhance students’ knowledge and skill development in course
content. By creating an immersive and interactive learning environment, AR provides valuable
opportunities to enrich both instructional practices and learning experiences (Fidan & Tuncel,
2019; Bujak et al., 2013; Dunleavy et al., 2009). In schools where access to well-equipped
laboratory facilities is limited, the use of AR in science education becomes especially important,
offering an effective alternative to conventional teaching methods. Thevin and Brock (2018)
demonstrated that visually impaired learners benefited from interactive graphics when instruction
was supported through audio augmentation. Similarly, Quintero et al. (2019) reported that AR is
widely used in science education for inclusive purposes, showing significant advantages in
increasing motivation, interaction, and interest among students with hearing, visual, motor, and
cognitive impairments. Jones et al. (2020) concluded that digital simulators such as OpenVisSim
can effectively replicate visual impairment challenges, thereby supporting better instructional
design. Lo Valvo et al. (2021) found that AR applications helped visually impaired individuals
improve their spatial awareness and interaction with their surroundings. Through training with
ARIANNA+, which integrates convolutional neural networks (CNNSs), users were able to

identify objects and landmarks more effectively.
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Furthermore, Abdelazim (2021) reported measurable improvements in pre- and post-assessments
when AR-based notecards were used with children who have visual impairments. The study
revealed that AR interventions had a significant positive impact on students’ visual learning
abilities, particularly in pictorial production and optical reading skills. Despite these
advancements, earlier research has pointed out that inequalities in educational attainment still
persist, especially in relation to gender (Breen & Jonsson, 2005).

This study aims to enhance the science learning competencies of children with low vision at the
middle school level by integrating augmented reality (AR) applications as an instructional
intervention, with particular attention to gender-related differences. For the purpose of
experimentation, an important unit titled ‘World of Microbes’ from the Class VIII science
textbook prescribed by the West Bengal Board of Secondary Education (WBBSE) was selected.
This unit was chosen because many learners experience difficulties in understanding its concepts
and applying them to real-life situations. Based on this rationale, the following objectives and
hypotheses have been formulated.

3.1 Objectives

(i) To study the effect of treatment on learning outcomes in science of students with low vision
by assuming their pre-learning outcomes as a covariate.

(ii) To study the effect gender on learning outcomes in science of students with low vision by
assuming their pre-learning outcomes as a covariate.

(iii) To study the effect interaction between treatment and gender on learning outcomes in

science of students with low vision by assuming their pre-learning outcomes as a covariate.

3.2 Hypotheses
Ho1: There is no significant effect of treatment on learning outcomes in science of students with

low vision by assuming their pre-learning outcomes as a covariate.
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Ho2: There is no significant effect of gender on learning outcomes in science of students with
low vision by assuming their pre-learning outcomes as a covariate.

Hos: There is no significant effect of interaction between treatment and gender on learning
outcomes in science of students with low vision by assuming their pre-learning outcomes as a
covariate.

3.3 Operational Definitions of the Terms Used

e Learning outcomes: It includes the academic performance of students in the learning
outcome test developed by the researcher in science.

e Science: It includes the content matters of Physics, Chemistry, Biology, and
Environmental Science in the same textbook for class VIII.

e Low vision students: Students wearing glasses were considered.

« Middle school level: Students of class VIII in the age group of 13-15.

e Gender: It includes boys and girls.

4. Method of Research

4.1 Design used in the study: A quasi-experimental pretest-posttest control group design was
used in the present study.

4.2 Population: students studying in class VIII in government-sponsored Bengali medium co-
education schools of Kolkata Municipality in West Bengal were considered as population.

4.3 Sample: 62 students of class VIII from two schools of similar nature located in Kolkata
Municipality were taken as samples for this study. The description of the sample is presented in
Table 1.

Table 1: Description of the sample in terms of group, gender and family type

Sl Group Gender Total
No. Boys Girls
1. Experimental 15 17 32
2. Control 13 17 30
Total 28 34 62
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4.4 Procedure of Experimentation

For developing AR based instructional materials, a Unite AR application was used. Permission
was taken from the school authorities. Both groups were pretested through a learning outcomes
test comprising 20 multiple-choice items on the “World of Microbes’ unit. For a correct response
to each item, one mark was assigned, and for each wrong response, zero marks were assigned.
The reliability coefficient was computed using the split-half method, which was obtained as 0.88.
The test was validated by incorporating opinions collected from three subject experts. So the test
was considered reliable and valid.

After the pretest, the two groups were taught the ‘World of Microbes’ unit. Students of the
experimental group were taught using the AR applications. Students of the control group were
taught using the conventional method. During the experimental work, the researcher behaved
like a facilitator and guide. The researcher created an interactive learning environment
throughout the experimentation period of four weeks. Visual representation of a few concepts of
the living organism unit using AR applications, which were used during teaching-learning to the

students of experimental groups, is given in Figure 1.

-

Blue
' Bacterium
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Figure 1: Experimental group students using AR applications in learning the concept of (a)

Bacteriophage virus (b) Influenza virus (c) Bacteria and (d) Corona virus.

Figure 1(a) presents the structural components of a bacteriophage, a virus that infects bacteria.
The AR application highlights key parts such as the sheath, enabling students to visualize the
mechanical structure the virus uses to inject its genetic material into a host cell. Figure 1(b)
illustrates the influenza virus through a cross-sectional 3D model that reveals its internal
organization. Students can clearly observe the outer envelope, the arrangement of surface
proteins, and the genetic material enclosed within. Figure 1(c) depicts different types of bacteria,
labeled as “Blue Bacterium,” helping learners distinguish among various bacterial shapes, such
as cocci and bacilli, and identify features like flagella that aid in movement. Finally, Figure 1(d)
shows the coronavirus in detail, highlighting its distinctive spike proteins radiating from the
surface. This visualization is especially useful for understanding how the virus attaches to and
enters human cells.

Following the intervention, the same set of questions used in the pretest was used to administer a
posttest to both groups.

4.5 Tool Used for Data Collection: A self-developed learning outcomes test comprised of 20

MCQ was administered for pretest and posttest.

4.6 Techniques Used for Data Analysis: A statistical technique, namely one way analysis of
covariance was employed through “the Statistical Package for Social Science (IBM SPSS

Statistics, Version 21)” and interpretation was done accordingly.

5. Results
Assumptions of normality and homogeneity of variances were tested; as a result, the data were

found to be normal. Hence, parametric statistics were applied to test the hypotheses.
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Testing of Hypotheses

Treatment had two levels, namely, AR strategy and conventional method. Gender also had two
levels, namely, boys and girls. Data were analyzed using 2X2 factorial design ANCOVA, and
the results are displayed in Table 2.

Table 2: Summary of 2X2 Factorial Design ANCOVA of learning outcomes of low vision

students in science by assuming their pre-learning outcomes as a covariate

Source of SSv.x df MSSy.x Fv.x- Remark Effect size (an)
Variance Value
Treatment (P) 96.27 1 96.27 29.16 p<0.01 0.338
Gender (Q) 24.98 1 24.98 7.57 p< 0.01 --
PXQ 4.45 1 4.45 1.35 ns --
Error 188.19 57 3.30
Total 61

ns = Not significant

According to Table 2, the adjusted F-value for the intervention is 29.16, which is statistically
significant at the 0.01 level with df = 1/57. This indicates a significant difference in the adjusted
mean scores of learning outcomes between learners taught using the AR strategy and those
taught through the conventional method, when pre-learning outcomes are taken as a covariate.
Therefore, the null hypothesis stating that there is no significant difference in the adjusted mean
scores of science learning outcomes between the two groups is rejected. Furthermore, Table 2
shows that the effect size of the treatment is 0.338, which is also significant at the 0.01 level.
This suggests that the intervention accounts for 33.8% of the variance in learning outcomes.
Hence, the AR-based intervention had a positive and meaningful impact on students’ learning in
science after controlling for pre-learning outcomes.

Table 2 also indicates that the adjusted F-value for gender is 7.57, which is statistically
significant. This shows that, when pre-learning outcomes are considered as a covariate, there is a

significant difference in the adjusted mean scores of learning outcomes in science between boys
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and girls. Consequently, the null hypothesis stating that gender has no significant effect on
learners’ science achievement is rejected. The differences in mean scores of learning outcomes
based on gender are further presented in Table 3.

Table 3: Gender wise adjusted mean scores of learning and standard error

Gender Mean Std. Error
Girls 14.76 0.31
Boys 13.47 0.35

Table 3 indicates that the adjusted mean score of learning outcomes for girls is 14.76, which is
higher than that of boys (13.47) when pre-learning outcomes are taken as a covariate. This
suggests that girls performed relatively better than boys in science achievement.

Table 2 further shows that the adjusted F-value for the treatment—gender interaction is 1.35,
which is not statistically significant. This indicates that, after controlling for pre-learning
outcomes, there is no significant interaction effect between treatment and gender on the adjusted
mean scores of learning outcomes in science. Consequently, the null hypothesis stating that there
IS no significant interaction effect on the science learning outcomes of low-vision learners is not
rejected. Thus, it can be concluded that students’ learning outcomes are independent of the
interaction between instructional treatment and gender when pre-learning outcomes are

considered as a covariate.

6. Discussion

The first objective of the study was to examine the effect of instructional treatment on the
science learning outcomes of students with low vision who were taught using an AR-based
strategy and the conventional method, with pre-learning outcomes taken as a covariate. This
objective was addressed using a two-way ANCOVA. The findings revealed that students who
were taught through AR applications achieved significantly better learning outcomes than those

who learned the same content through conventional teaching methods, after controlling for pre-
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learning outcomes. These results are consistent with the findings of earlier studies (AlAli et al.,
2025; Bhardwaj, 2023).

The second objective was to investigate the effect of gender on the science learning outcomes of
students with low vision, again considering pre-learning outcomes as a covariate. Using two-way
ANCOVA, the results showed that girls performed better than boys, which aligns with the
outcomes of previous research (Breen & Jonsson, 2005).

The third objective was to study the interaction effect of treatment and gender on the science
learning outcomes of students with low vision, with pre-learning outcomes as a covariate. This
objective was also examined using two-way ANCOVA. The findings indicated that there was no
significant interaction effect between treatment and gender on learning outcomes in science after
controlling for pre-learning outcomes. This result is in agreement with the conclusions of earlier
studies (Chaudhary & Tyagi, 2021).

7. Limitations

This study was limited to the following aspects: (i) the use of an AR-based instructional strategy,
(it) eighth-grade students, (iii) the science unit “World of Microbes’ (iv) a four-week period of
experimentation, consisting of 40 minutes of instruction daily on working days in both schools,
and (v) government-sponsored Bengali-medium co-educational schools affiliated with the West

Bengal Board of Secondary Education.

8. Educational Implication

The findings of this study indicate that the AR strategy is a crucial factor influencing students’
learning ability. However, students seldom use AR-based instructional approaches unless they
are actively encouraged to do so. It is therefore the responsibility of teachers to ensure that
learners adopt this strategy to enhance their understanding and develop their skills. Science
teachers, in particular, may be encouraged to integrate AR-based methods while teaching various
concepts. To support this, appropriate training in the effective use of AR applications can be

provided to teachers through seminars, workshops, and conferences, as well as through
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initiatives led by educational institutions, government agencies, curriculum developers, and

policymakers.

9. Conclusion

Teaching and learning science is a challenging task that demands strong critical thinking skills to
understand concepts deeply and apply them to real-life situations. This study examined the
effectiveness of an AR-based instructional strategy on the science learning outcomes of Class
VI students with low vision. The findings revealed that students taught using AR applications
achieved better learning outcomes than their counterparts taught through conventional methods.
Learners benefited more from the AR strategy because it supported them in understanding,
applying, and retaining complex concepts and skills. Through AR applications, students moved
beyond passive observation to active exploration, which enhanced both conceptual clarity and
long-term retention. The immersive and interactive nature of AR made microscopic structures
more visible, engaging, and easier to comprehend. Overall, the AR strategy brought about a

substantial improvement in the effectiveness of students’ learning.
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