


Smartphone-Based Immersive Videos in Elementary Level: Effects on Science Learning Achievement and Critical Thinking
	Abstract
This study investigates the impact of smartphone-based immersive videos on science learning achievement and critical thinking among elementary students. The objective was to examine differences in students’ performance before and after virtual exposure and to compare outcomes between control and experimental groups. A true-experimental pretest–posttest control group design was employed. The population comprised Class V students of government elementary schools in Odisha, with the accessible population limited to Cuttack city. Using a simple random sampling technique, one school was selected, and all 60 students in a single section of Class V participated. Instructional content covered two units of the science curriculum: Forest, Erosion of Soil and Water Pollution, and Air Pollution. Data were collected using a researcher-developed science learning achievement test and the standardized New Jersey Test of Reasoning Skills/Critical Thinking. Descriptive statistics and independent-sample t-tests were used for data analysis. Findings revealed that the experimental group significantly outperformed the control group in science achievement after exposure to smartphone-based immersive videos, demonstrating the positive effect of immersive, low-cost technologies. However, no significant difference was observed in critical thinking skills, likely due to the short intervention period of 10 days. The study is limited by its small sample size, single-school setting, and short duration, warranting caution in generalization.
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INTRODUCTION
[bookmark: _GoBack]Since the seventies, “the change from behaviourism to cognitivism in educational psychology has placed an increasing responsibility upon the learners for their learning” (Chen, 2002). “The constructivist approach is based on the premise that science is a human construction, which accepts that children construct or change their representations about the environment in which they live, mainly through three processes: interaction with adults, interaction with their peers, and their personal experiences” (Kokkotas and Vlachos, 1998). The theory of constructivism supports the learning environment, which is important to knowledge construction, should represent real-life activities (Isman, 2011; Rhodes, 2013), and children’s existing ideas should be elicited. As Osborne and Freyberg (1985) pointed out, “unless we know what children think and why they think that way, we have little chance of making any impact with our teaching, no matter how skilfully we proceed”. Therefore, “the constructivist teaching process involves more student-centred, active learning experiences and more work with concrete materials”. (Richardson, 1997) emphasizes that teachers can facilitate “student-centred learning by providing various activities including demonstrations, diagrams, examples, and images”. In the constructivist classroom, the students are made to construct their knowledge by relating the classroom transactions with real-life experiences. The teaching and learning of various subjects should centre on their relevance to life. The realities of life vary for different students, and since these diversities of experiences cannot be exactly brought into the classroom, the teacher can use different means and media to expose them virtually and nurture their curiosity and interest, and enhance their knowledge.
Virtual reality learning improves visualization, 3D visualization, identification, and understanding, with students valuing its role in engagement. VR exercise boosts physical fitness, muscle strength, balance, and extremity function, while reducing fatigue, tension, and depression, and aiding rehabilitation for stroke, spinal cord injury, cerebral palsy, and cognitive decline. Augmented reality and virtual reality foster interactivity, motivation, experiential learning, knowledge retention, and problem solving, but technical issues and teacher training remain challenges. Gender differences appear in motivation, attention, and communication, but not in autonomy or outcomes, with both genders benefiting academically, highlighting AR/V’s potential as inclusive tools, particularly for students with autism spectrum disorder. (Belmonte et al., 2022; Latif et al.,2024; Qian et al., 2020; Campos et al., 2022), The integration of Virtual Reality (VR) in education has emerged as a transformative approach to enhance student engagement, conceptual understanding, and skill development. Premalatha et al. (2025), through a systematic review of 28 studies, highlighted the role of VR in improving science process skills at the school level, reporting positive outcomes such as deeper comprehension, improved laboratory practices, and heightened engagement. Similarly, Jose (2023) reviewed diverse VR applications, ranging from simulations and virtual laboratories to gamification and collaborative environments, demonstrating VR’s potential to promote discovery-based learning, critical thinking, and creativity across disciplines. Complementing these insights, Tamilselvi and Subramaniam (2023) examined VR adoption in Indian classrooms, noting growing momentum through initiatives by UNESCO MGIEP, Samsung, and private providers, despite contextual challenges. Collectively, these studies underscore VR’s expanding role in reshaping pedagogy, offering immersive and experiential learning opportunities while raising important considerations for its effective and sustainable integration. The aim of this present study is to highlight the Smartphone-Based Immersive Videos in Elementary Level: Effects on Science Learning Achievement and Critical Thinking. The study deals with four variables: mobile learning, Immersive videos, learning achievement, and critical thinking.    
THEORETICAL FRAMEWORK OF THE STUDY:
This study is grounded in the constructivist learning perspectives, which suggest that students learn best when they actively build their understanding through experiences and interactions. According to Piaget (1971) and Vygotsky (1978), children learn best through active experiences and support from tools and others. VR offers both by letting students explore and interact with scientific content. Mayers (2009) Cognitive Theory of Multimedia Learning adds that students understand better when they learn through both pictures and words, which VR provides in an engaging and clear way. According to Dewey(1916), "Education means supplying the conditions which foster growth, not toward a predetermined end but rather in the direction of an increase in the range and complexity of situations to which the child is capable of applying reasoned inquiry" (Kolb’s,1984) Experiential Learning Theory also supports the use of VR, as it gives students real-life-like experiences that help them reflect, think, and apply what they learn. 
             Lastly, Paul and Elder's (2002) theory of critical thinking shows how VR can help students become better thinkers by solving problems, asking questions, and making decisions. Together, these theories suggest that using VR through smartphones can make science lessons more meaningful and help students in the Cuttack district think more clearly and learn more effectively. Smartphone-based VR is an accessible STEM education tool that enhances student understanding and engagement, particularly in visualizing complex concepts. While meta-analyses show VR can be slightly more effective than traditional methods, results are mixed, with some studies reporting no or negative effects. Hands-on follow-up activities further support learning by reinforcing virtual content through physical interaction (Smith et al. 2023; Luo et al., 2021; Wu et al., 2020; Fiorella & Mayer, 2016; Makransky et al., 2021). 
REVIEW OF RELATED LITERATURE
The Review of Related Literature presented as a tabular format in list 1
List 1: Statement of Literature Review
	Authors (Year)
	Objective
	Main Findings

	Harwood & McMahon, 1997
	To test video instruction on chemistry.
	Findings indicated that students taught with video media achieved higher scores and demonstrated more positive attitudes toward chemistry.

	Adey & Edmiston, 2001
	To outline challenges in teaching CT.
	Result showed that teaching critical thinking was shown to be a slow process and difficult to evaluate compared to content knowledge.

	Moemennasab et al., 2002
	To test video vs. lecture.
	Findings revealed that video-based instruction enhanced cognitive learning outcomes and improved learner satisfaction compared to traditional lectures.

	Triona & Klahr, 2003
	To compare physical vs. virtual materials in experiment design.
	Study found that both physical and virtual materials were effective, though VR offered greater ease and flexibility for instructional use.

	Shim et al., 2003
	To test VR-based program in biology.
	Result shows that students preferred VR learning environments, reporting them to be engaging and beneficial for understanding scientific concepts.

	Burbach et al., 2004
	To test implicit instruction on CT skills.
	Findings revealed that implicit instructional strategies significantly improved critical thinking skills, particularly deduction and interpretation.

	Amante, 2006
	To test video-based learning tools.
	Streaming video resources were shown to significantly increase student motivation and support learning outcomes.

	Yahaya. 2006
	To explore immersive VR for decision-making education.
	Study found that immersive VR environments enhanced decision-making skills and supported authentic learning experiences.

	Zacharia et al., 2008
	To compare physical vs. virtual experiments.
	Findings indicated that combining physical and virtual manipulatives yielded better conceptual understanding than using physical tools alone.

	Walser, 2008
	To highlight need for CT development.
	Study emphasized that developmentally appropriate activities are essential for fostering workplace-relevant critical thinking skills.

	Huizenga et al., 2009
	To examine engagement and learning with mobile city game.
	Findings indicated that mobile game-based learning increased student engagement and facilitated meaningful knowledge acquisition.

	Chow, 2009
	To assess VR as a teaching-learning tool.
	Findings revealed that VR was shown to provide immersive, interactive, and self-directed learning opportunities.

	Cavusa & Uzunboylub, 2009
	To investigate mobile learning’s impact on CT.
	Study found that mobile learning interventions improved creativity and fostered positive attitudes toward learning.

	Cook., 2011
	To explore visuals’ role in comprehension.
	Findings indicated that combination of visual aids with explanations enhanced student comprehension and retention in science learning.

	Chen., 2012
	To test thematic video instruction.
	Result showed that thematic video-based instruction promoted higher engagement and greater knowledge retention than conventional approaches.

	Norouzi et al., 2012
	To test mobile learning on CT.
	Findings indicated that mobile learning improved creativity and critical thinking, with no significant gender differences reported.

	Smith., 2016
	To analyze perceptions of cell phones in education.
	Findings revealed that teachers and administrators expressed the need for training in the pedagogical use of mobile technologies.

	Sung et al., (2016)
	To synthesize effects of mobile devices
	Study found that mobile devices had a positive impact on learning performance, with a moderate effect size (0.523).

	Wang et al., 2017
	To assess VR’s impact.
	Result showed that VR was found to significantly enhance student motivation and improve academic performance.

	Hsu, 2020
	To explore VR effects on motivation & learning.
	Findings indicated that use of VR increased student motivation and academic achievement, with slightly higher gains among female students.

	Al-Amri et al., 2020
	To assess 3D-VRLE on achievement & motivation
	Study found that 3D-VRLE intervention significantly improved both physics achievement and student motivation.

	Liu et al., 2022
	To test VR classrooms’ impact.
	Study found that immersive VR classrooms enhanced student achievement, boosted motivation, and reduced cognitive load.

	Campos et al., 2022
	To measure VR’s effect on vector comprehension.
	Findings indicated that VR improved students’ spatial visualization skills and was positively received by learners.

	López-Belmonte et al., 2022
	To analyze gender influence on AR/VR learning.
	Findings revealed that male students demonstrated higher motivation and communication, while female students showed stronger attention. No gender differences were found in autonomy or outcomes.

	Ferdinand et al., 2023
	To test priming usefulness on VR effectiveness.
	Findings indicated that priming students on the usefulness of VR improved learning outcomes, though excessive daily-life priming reduced presence.

	Conrad, et al., 2024
	To evaluate effectiveness of IVR in learning outcomes
	Findings revealed that immersive VR was shown to be highly effective in developing declarative and procedural knowledge, particularly in active learning contexts.

	Tene et al., 2024
	To review VR/AR in science education
	VR was effective for experiential learning, while AR was more beneficial for developing laboratory skills.

	Latif et al., 2024
	To explore AR/VR on engagement, comprehension & retention
	Result showed that AR and VR significantly improved comprehension, engagement, and knowledge retention, though challenges of cost, accessibility, and teacher preparedness persist.



SIGNIFICANCE OF THE STUDY:
In the constructivist age of innovation and productivity, knowledge and technology have come to occupy centre stage in national and international policy debates. In this modern scenario, the National Policy on Information and Communication Technology (ICT) in School Education “aims at preparing youth to participate creatively in the establishment, sustenance, and growth of a knowledge society leading to all-round socio-economic development of the nation and global competitiveness”. In India, ICTs were launched in schools in December 2004 and revised in 2010 to provide opportunities to secondary-stage students for building upon their capacity for ICT skills and direct them towards the computer-aided learning process. ICT in schools has been included under the Rashtriya Madhyamik Shiksha Abhiyan (RMSA).Many studies have also found that technology has a positive impact on students’ academic achievement. According to Peeraer and Petergem (2011), ICT benefits schools in several ways, like enhancing learning in the classroom, improving accountability, introducing the use of PowerPoint presentations and the internet, and mainly engaging students through virtual exposures. Onchwari (2011) supports the view that ICT in schools can lead to high-quality teaching and learning. Others who concur with this view are Yusuf (2005), Dzidonu (2010), and Rebecca and Marshall (2012). Nisar, Munir, and Shafqat (2011) found that the availability and usage of ICT improve the knowledge and learning skills of students. Zacharia et al. (2008) have investigated virtual experiment techniques that enhanced students’ conceptual understanding. Slykhuis et al. (2005) researched the visual aspects of a presentation slide that increase understanding and retention for the learner. Mobile learning is now among the blended instructional methods Eryilmaz, 2013). Although ICT has the potential to improve the education system of a country to a great extent, it becomes ineffective in India due to infrastructure facilities, lack of competency of teachers, insufficient funds, shortage of equipment, and issues of maintenance and upgrading of equipment (Budhedeo, 2016). At the elementary level, learners benefit significantly from experiential and immersive learning. However, in many parts of India, including Cuttack district, classroom teaching still largely relies on traditional textbook-centric methods that may not fully engage students or develop critical skills such as scientific inquiry and critical thinking. This is especially true in government and rural schools where exposure to innovative practices is limited. Greater improvement in students' achievement in physics after using the 3D virtual reality learning environment compared to their counterparts in the traditional learning environment (Amri, 2020). Virtual reality has the effect of improving students’ learning motivation and learning effectiveness in the digital teaching of mathematics (Hsu, 2020). The integration of AI and VR has been highlighted as part of a broader strategy to foster genuinely inclusive learning environments in alignment with the Convention on the Rights of Persons with Disabilities (Chalkiadakis, 2024). Virtual reality is also recognized as a suitable tool for environments that emphasize learner engagement and practical application through active manipulation and constructive creation (Conard, 2024).
Research Questions:
1. Is there a difference in Class-V students’ science learning achievement before (Pre-test) and after (post-test) exposure to immersive videos through a smartphone?
2. Is there a difference in Class-V students’ critical thinking skills before (Pre-test) and after (post-test) exposure to immersive videos through a smartphone?
Hypothesis:
1. There is no significant difference in Class-V students’ science learning achievement before (pre-test) and after (post-test) exposure to immersive videos through a smartphone.
2. There is no significant difference in Class-V students’ critical thinking skills before (pre-test) and after (post-test) exposure to immersive videos through a smartphone.
MATERIAL AND METHODS 
Design of the Study:
Keeping in view the research questions of the study, the investigators have used a true-experimental design of the experimental method of research with a control group and a pre-post-test research design. Quantitative research determines the relationship between an independent variable and a dependent variable, and it can be descriptive, which establishes only associations between variables and the subjects that were measured once, or experimental, which establishes causality and the subjects were measured before and after a treatment (Hopkins, 2008).

Learning Achievement Test in Science
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Fig. 1. Research model of the study.
Table 1: Pre-test, post-test Control Group design
	
	Group
	Pre-test
	Treatment
	Post-test

	R
	Experimental group
	          O1
	           X
	          O2

	R
	Control group
	          O3
	            _
	          O4



Variables of the Study
The variables used in the present study are as follows:
Independent variable: Instructional Content in Science, i.e., Unit-VI (Forest, Erosion of Soil and Water Pollution) & Unit-VII (Air Pollution) were delivered to students by giving exposure to immersive videos through a smartphone.
Dependent Variables: Learning achievement test in Science and Critical Thinking Skills.
Population and Sample
The target population for the study comprised all Class V students of Government elementary schools in Odisha, while the accessible population was restricted to the 31 elementary schools located in Cuttack city. Using a simple random sampling technique (lottery method), the investigators selected one elementary school from among these. The study was conducted with a limited sample of 60 students and focused on two chapters of the elementary science curriculum. All students enrolled in one section of Class V in the selected school were included. In consultation with the subject teachers, the investigators identified two units of the Class V science textbook—Unit VI (‘Forest, Erosion of Soil, and Water Pollution’) and Unit VII (‘Air Pollution’)-for the experiment. These units were taught beginning in the first week of December 2024, in accordance with the lesson diary prescribed for teachers.
Tools Used
In this study, the following two tools were used to gather information from the respondents. Academic learning achievement test: The researcher and science instructor developed an equivalence pre-test for all students and a learning content post-test of academic learning achievement for the five science lessons. The pre-test consisted of 25 multiple-choice questions that assessed students’ fundamental knowledge of science content covered in the science curriculum before the study, to determine the level of general science knowledge equivalence before participation (perfect score = 25). The post-test included 25 items that measured students’ memory and understanding of the Forest, Erosion of Soil and Water Pollution, and Air Pollution science lessons (perfect score = 25). The ‘New Jersey Test of Reasoning Skills’ (1985), developed by Dr. Virginia Shipman, Senior (Research Psychologist), Educational Testing Service (USA), was adopted to measure the critical thinking skills. The test items are designed to concentrate on logical reasoning skills and are not dependent upon specialized vocabulary or content. The reported reliability using Cronbach's alpha coefficient is 0.84. Examples of skills tested are part-whole reasoning, causal relationships, identification of good reasons, syllogistic reasoning, and detecting assumptions.
Results of the Study:
Analysis and Interpretation based on Descriptive Statistics
Effect of immersive videos through smartphones on learning achievement in science 
To study the effect of immersive videos through smartphones on learning achievement in science at Class V, descriptive measures, including mean, standard deviation, and percentile scores on learning achievement in science, were calculated. The calculated values are presented in the following tables. 
Table 2: Pre-test and Post-Test Descriptive Measures of the control group and experimental group of Learning Achievement in Science 
	Group
	Test type
	N
	Mean
	S. D
	Q1
	Q2
	Q3

	Control group
	Pre-test
	30
	11.17
	3.931
	7.00
	11.50
	14.00

	Experimental group
	Pre-test
	30
	11.53
	3.875
	8.00
	11.50
	15.25

	Control group
	Post-test
	30
	11.00
	5.527
	6.75
	10.50
	15.25

	Experimental group
	Post-test
	30
	17.07
	3.028
	15.00
	16.50
	19.25



The present analysis aimed to compare the pre-test and post-test performance of a control group and an experimental group in order to evaluate the impact of an intervention. Both the control group and the experimental group consisted of 30 participants each for both the pre-test and post-test phases.  For the pre-test control group, the mean score for learning achievement in science of Class-V students is 11.17, and the S.D. is 3.931; and for the pre-test experimental group, the mean score for learning achievement in science of Class-V students is 11.53, and the S.D. of Class-V students is 3.875. The difference between the mean score of the pre-test control group and the experimental group on learning achievement in science is found to be 0.26. The second quartile for both groups was identical at 11.50. The interquartile ranges were also similar, suggesting that the spread of scores within the middle 50% was consistent across the groups.
In the post-test control group, the mean score learning achievement in science of Class-V students is 11.00, and the S.D. is 5.527, while in the post-test experimental group, the mean score learning achievement in science of Class-V students is 17.07, and the S.D. of Class-V students is 3.028. The difference between the mean score of the post-test control group and experimental group on learning achievement in science is found to be 6.07. The second quartile score for the control group was 10.50, slightly lower than its pre-test second quartile, whereas the experimental group’s post-test second quartile rose to 16.50. The first quartile and third quartile also show that the experimental group's performance shifted upward substantially after the intervention, with the first quartile increasing from 8.00 to 15.00 and the third quartile rising from 15.25 to 19.25. The control group exhibited minimal change in its quartile range.
These results show that the intervention had a positive impact on the participants’ post-test performance. While the control group's scores remained relatively stable, the experimental group demonstrated a significant improvement in the mean and quartile deviation scores. The decrease in standard deviation from 3.88 to 3.03 for the experimental group implies that the scores became more clustered around the higher mean, indicating consistent improvement across participants.
Table 3: Pre-test and Post-test Descriptive Measures of the control group and the experimental group of critical thinking skills
	Group
	Test type
	N
	Mean
	S. D
	Q1
	Q2
	Q3

	Control group
	Pre-test
	30
	7.23
	4.232
	4.00
	6.00
	11.00

	Experimental group
	Pre-test
	30
	5.77
	2.750
	3.75
	5.00
	7.00

	Control group
	Post-test
	30
	8.07
	3.939
	4.00
	8.00
	11.25

	Experimental group
	Post-test
	30
	6.37
	4.106
	3.75
	5.00
	8.25



 Table 3 depicts a comparative summary of descriptive statistics for the control and experimental groups, on pre-test and post-test performance in terms of mean, standard deviation (SD), and quartile values (Q1, Q2, Q3). For the control group, the pre-test mean score of Critical thinking of Class-V students is 7.23, and the S.D. is 4.232; and the pre-test experimental group mean score of Critical thinking of Class-V students is 5.77, and the pre-test S.D. of Class-V students is 2.750. The difference between the mean score of the pre-test control group and the experimental group on critical thinking is found to be 1.46. For the control group's pre-test, the first quartile (Q1) is 4.00, the second quartile (Q2) is 6.00, and the third quartile (Q3) is 11.00. The interquartile range (IQR) is thus 7.00. It indicates 50% of the scores fall between 4.00 and 11.00. The experimental groups' pre-test quartiles are slightly lower: Q1 is 3.75, Q2 is 5.00, and Q3 is 7.00, producing an IQR of 3.25.
In the control group, the post-test mean score for Critical thinking of Class-V students is 8.07, and the S.D. is 3.939; and the post-test experimental group mean score for Critical thinking of Class-V students is 6.37, and the S.D. is 4.106. The difference between the mean score on the post-test control group and experimental group on critical thinking is found to be 1.70. The quartile shifted in the upward direction: Q1 remained at 4.00, Q2 increased to 8.00, and Q3 increased to 11.25. It indicates that the middle 50% of the scores moved upward, with the median aligning closely with the mean, suggesting a fairly symmetrical distribution.
The experimental group's post-test mean increased to 6.37, and the S.D. is 4.11, which is higher than their pre-test mean but still lower than the control group's post-test mean. Their quartiles show a similar, slight upward trend. Compared to the pre-test, the Q3 value increased by over one point, indicating some improvement at the upper range scores.
 Analysis and Interpretation Based on Parametric Statistics
To throw light on the effect of immersive videos through smartphone on learning achievement in science and critical thinking skills, pre-test control group and experimental group, and post-test control group and experimental group on learning achievement in science and critical thinking skills were administered to Class-V students. By applying the t-test technique, the investigator tried to find out if the differences in mean scores of pre-tests and post-tests were due to the treatment. 
Table 4: Summary of the ‘t’ ratio between the pre-test and Post-test control group and experimental group of learning Achievement in Science 
	Group
	Test type
	N
	Mean
	SD
	df
	t-value
	p-value
	Remark

	Control group 
	Pre-test 
	30
	11.17
	3.931
	
58
	
0.364
	
.949
	
Not Significant

	Experimental group 
	Pre-test 
	30
	11.53
	3.875
	
	
	
	

	Control group 
	Post-test
	30
	11.00
	5.527
	
58
	
5.272
	
0.001
	
Significant

	Experimental group 
	Post-test
	30
	17.07
	3.028
	
	
	
	



Table 4 reveals that the mean scores of the pre-test control group and experimental group for learning achievement in science (Class V students) are 11.17 and 11.53, respectively. The S.D of the pre-test control group and experimental group are 3.931 and 10.491, respectively. The calculated ‘p’-value is .949, which is greater than the 0.005 level of significance. Thus, there is no significant difference between the learning achievement in science of the control group and the experimental group. The mean scores of the post-test control group and experimental group of learning achievement in science (Class-V students) are 11.00 and 17.07, respectively. The S.D of the post-test control group and experimental group are 5.527 and 3.028, respectively. The calculated ‘p’-value is .001, which is less than the 0.005 level of significance. Thus, the mean scores of the Pre-test of the control group and experimental group, and the post-test of the control group and experimental group of learning achievement in Science of Class-V students differ significantly. From the results, the investigator was inclined to conclude that the mean score difference in the pre-test control group and experimental group is due to the treatment, i.e., virtual exposure through smartphones running videos related to the contents. Hence, the Ho1 “There is no significant difference in learning achievement of control and experimental group students in science due to immersive videos through a smartphone “is rejected. Therefore, there is a significant difference in pre-test and post-test scores on learning achievement in science. In other words, it can be said that the post-test scores on learning achievement in science were found to be better than those of the pre-test. This effect is due to the treatment given after the pre-test. The findings of the present study are in confirmation with research studies conducted by (Harwood, W.S., McMahon, M. M., 1997; Moemennasab, 2002; Shim et al., 2003; Zacharia, 2008; Chen, 2012). Findings of their studies revealed that a positive effect of immersive video-based learning on the learning achievement of students. The possible reasons for their better performance may be that the virtual exposure through smartphones in the form of running videos appealed to more of their sense organs, which helped them understand the concepts better, and for which they performed significantly better. Learning through a new method might have increased their curiosity and motivation, which they did better in the post-test. It may also be that teaching and learning through immersive videos helped the students get more engrossed, involved, and participate in the learning; as a result, they retained the concepts better.
Table 5: Summary of the ‘t’ ratio between the pre-test and post-test control group and experimental group of critical thinking skills 
	Group
	Test type
	N
	Mean
	SD
	df
	t-value
	p-value
	Remark

	Control group 
	Pre-test 
	30
	7.23
	4.232
	58
	1.592
	0.005
	Significant

	Experimental group 
	Pre-test 
	30
	5.77
	2.750
	
	
	
	

	Control group 
	Post-test
	30
	8.07
	3.939
	58
	1.636
	0.898
	Not Significant

	Experimental group 
	Post-test
	30
	6.37
	4.106
	
	
	
	



It is evident from Table 5 that the mean scores of the pre-test control group and experimental group of critical thinking (Class-V students) are 7.23 and 5.77, respectively. The S.D of the pre-test control group and experimental group are 4.232 and 2.750, respectively. The mean score differences between the pre-test control group and experimental group show an increase of 1.46 points. However, the calculated t-value is 1.592 and the p-value is 0.005, which is less than the 0.05 level of significance. It is evident from Table 5 that the mean scores of the post-test control group and experimental group of critical thinking (Class-V students) are 8.07 and 6.37, respectively. The S.D of the post-test control group and experimental group are 3.939 and 4.106, respectively. The mean score differences between the post-test control group and experimental group show an increase of 1.70 points. However, the calculated t-value is 1.636, and the p-value is 0.898, which is greater than the 0.05 level of significance. Thus, the mean scores of the post-test control group and experimental group of critical thinking of Class-V students do not differ significantly. “Therefore, the null hypothesis (H₀₂) stating that there is no significant difference in the critical thinking skills of control and experimental group students due to virtual exposure through a smartphone is accepted.”. In other words, it can be said that the post-test scores on critical thinking skills were found to be almost similar to those of the pre-test. The finding is in tune with the earlier studies conducted by Moreno (1999), Ennis (1993), Fawkes et al. (2001), Norris (1986), and Adey & Edmiston (2001).
The reasons for this can be attributed to the short period for virtual exposure to running video through a smartphone, i.e., 10 days. It is perhaps difficult to develop critical thinking skills in a short period. Besides the effect of virtual exposure through smartphones, other factors, such as personal factors of the students, might have a bearing on their critical thinking skills. Perhaps the test questions were difficult for the students to comprehend and answer, as their critical thinking skills did not show a significant increase.
Discussion of the Study:
The current study aims to explore the Impact of Smartphone-Based immersive videos on Science Learning Achievement and Critical Thinking among class-v students using a true experimental pretest and post-test control group design. It was observed that meaningful patterns, especially regarding students’ science learning achievement, significantly improved in the experimental group compared to the control group after the intervention. 
Our results show that immersive learning environments using VR significantly enhance students’ conceptual understanding and motivation in science classrooms (Markransky and Lilleholt, 2018). Similarly, immersive technologies make abstract scientific concepts more concrete, particularly for adult learners (Freina and Ott, 2015). This supports the interpretation that virtual reality-based instruction can lead to deeper cognitive engagement, which translates into better learning retention and achievement (Makransky and Mayer, 2017). Results also indicate that students learn better from words alone, particularly when those visuals are interactive. The smartphone-based immersive video lessons enabled learners to visualise complex processes such as pollution and deforestation, which may otherwise be difficult to grasp through textbook-based instruction.
Our results of this study are consistent with the broader body of literature suggesting that virtual reality tools can effectively enhance student engagement and content mastery. Students in virtual reality-enhanced classrooms demonstrated better learning gains in science and social studies due to experiential and immersive content (Bailenson, 2018). Virtual reality improves learning motivation and spatial understanding; its impact on higher-order cognitive skills depends heavily on instructional design (Jensen and Konradsen, 2018). A quasi-experimental study showed that elementary students exposed to virtual reality performed better in science assessments than peers taught through traditional methods (Liu et al., 2020). Unlike studies that showed consistent improvements in both factual and conceptual learning through simulation-based learning, the limited scope of smartphone-based virtual reality in this study may have affected its ability to foster deeper analytical skills (Merchant et al., 2014). 
The results related to critical thinking skills did not show a statistically significant difference between the experimental group and the control group post-intervention, despite minor increases in mean scores. This suggests that short-term exposure to virtual reality may not be sufficient to influence complex cognitive abilities, such as critical thinking, which typically require sustained intervention and reflective activities. Virtual reality improves content understanding; its impact on higher-order thinking skills depends on the nature of instructional design and reflective scaffolding (Chen et al., 2020). Virtual reality environments can improve motivation and factual recall; their impact on higher-order skills like critical thinking may require longer exposure and guided inquiry-based frameworks (Merchant et al., 2014). Similarly, it was concluded that virtual reality must be embedded within a structured pedagogical strategy, such as problem-solving or argumentation-based learning, to stimulate critical reasoning effectively (Demircioglu et al., 2022).  
The study may have the following implications for the various stakeholders of education.
Implications for Teachers
· Teachers can use a smartphone to show the students videos and images related to their content. This may help the teacher to supplement their teaching.
· Using immersive videos to teach science through a smartphone is a low-cost and no-cost aid to teaching. He/she may create videos using a smartphone about the relevant events in the surroundings, which the teacher feels are related to the content of the syllabi.
· The teacher can create a virtual learning environment in the classrooms through a series of videos so that students can transcend the boundaries of ordinary classrooms and jump into the virtual atmosphere to master their course content.
Implications for Parents
· Parents can support their children’s understanding of difficult concepts by using videos and other visual resources to make learning more concrete and accessible.
· Parents can encourage their children to go beyond textbook knowledge by fostering curiosity, exploration, and engagement with diverse learning materials.
Implications for Policy Makers
· Training/workshop programmes can be organized for the teachers to orient them on the creation of video and audio programmes through smartphones from locally available resources to contextualize the learning, as well as use the same in the transmission of content in classroom teaching.
· The government, in collaboration with IT companies, can devise a low-cost smartphone having limited features like audio-video, camera, internet browsing, and distribute the same to the schools on a trial basis to assess its impact on the learning achievement of the students.
· Workbooks should be designed so that the students get an opportunity to work on their reasoning skills by exploring content from the web.
Implications for Academicians
· Workshops, seminars, and expert lectures can be organized to raise awareness among teachers on the usages and benefits of providing virtual exposure to reality in classroom teaching through smartphones.
· There can be supervision and monitoring done to assess if teachers use the technology in their classrooms. The supervisors can then document the results so that they can be more vigorously used in the teaching-learning process.
Conclusion 
The present study focused on the use of smartphones to show virtual real-life exposures while teaching science to elementary school students and to observe its effects on students’ academic achievement as well as critical thinking skills. The study found that there is a significant difference in learning achievement in science between the control and experimental groups after exposure to immersive videos through a smartphone (post-test). The experimental group has performed better in learning achievement in science as compared to the control group. It revealed that there is a positive effect of immersive videos through smartphones on students’ academic achievement in science. So, the teacher can create a virtual learning environment in the classrooms through a series of videos so that students can transcend the boundaries of ordinary classrooms and jump into the virtual atmosphere to master their course content.
Limitation:
This study has certain limitations. Firstly, the sample was restricted to a single elementary school in Cuttack, Odisha. Secondly, the intervention period was relatively short and focused only on two science units, which may not be sufficient to assess long-term effects or critical thinking growth. Thirdly, the measurement of critical thinking relied on standardized test scores without qualitative data, which might have provided deeper insights. Fourthly, the study was delimited to a true experimental research design.
This study has limitations, which should be considered in future research. Future studies could expand the sample size across multiple schools and extend the intervention over a full academic term. The integration of reflection and discussion activities to promote critical thinking alongside immersive video-based instruction. Incorporating mixed method approaches may also yield a more comprehensive understanding of how immersive videos influence both academic and cognitive domains. Moreover, integrating immersive videos with collaborative learning models, such as project-based or inquiry-based learning, could better facilitate critical thinking development.
The present study was delimited to
1. One elementary school in the Cuttack district of Odisha.
1. A sample of 50 students.
1. Students of Class V.
1. Variables are learning achievement in science and critical thinking.
1. The pre-test post-test control group design.

Ethical Approval:

As per international standards or university standards written ethical approval has been collected and preserved by the author(s).

[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]Disclaimer (Artificial intelligence)
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1. Used for the language development only

References:
1. Al-Amri, A., Osman, M., & Musawi, A. Al. (2020). The effectiveness of a 3D-virtual reality learning environment (3D-VRLE) on the omani eighth grade students’ achievement and motivation towards physics learning. International Journal of Emerging Technologies in Learning, 15(5), 4–16. https://doi.org/10.3991/IJET.V15I05.11890 
2. Bailenson, J. (2018). Experience on demand: What virtual reality is, how it works, and what it can do. WW Norton & Company.
3. Barakat Assistant Professor, H., Saadany, A., & Abdurrahman, M. (2012). effectiveness of instructional design model (isman-2011) in developing the planning teaching skills of teachers college students’ at king saud university. In TOJET: The Turkish Online Journal of Educational Technology (Vol. 11, Issue 1). http://hishamh.net 
4. Campos, E., Hidrogo, I., & Zavala, G. (2022). Impact of virtual reality use on the teaching and learning of vectors. Frontiers in Education, 7. https://doi.org/10.3389/feduc.2022.965640 
5. Chalkiadakis, A., Seremetaki, A., Kanellou, A., Kallishi, M., Morfopoulou, A., Moraitaki, M., & Mastrokoukou, S. (2024). Impact of Artificial Intelligence and Virtual Reality on Educational Inclusion: A Systematic Review of Technologies Supporting Students with Disabilities. In Education Sciences (Vol. 14, Issue 11). Multidisciplinary Digital Publishing Institute (MDPI). https://doi.org/10.3390/educsci14111223 
6. Chen, B., Wang, Y., & Wang, L. (2022). The Effects of Virtual Reality-Assisted Language Learning: A Meta-Analysis. In Sustainability (Switzerland) (Vol. 14, Issue 6). MDPI. https://doi.org/10.3390/su14063147 
7. Chen, C. S. (2002). Self Self-regulated Learning Strategies and regulated Learning Strategies and Achievement in an Introduction to Information Achievement in an Introduction to Information Systems Course Systems Course. In Information Technology, Learning, and Performance Journal (Vol. 20, Issue 1). 
8. Conrad, M., Kablitz, D., & Schumann, S. (2024). Learning effectiveness of immersive virtual reality in education and training: A systematic review of findings. In Computers and Education: X Reality (Vol. 4). Elsevier B.V. https://doi.org/10.1016/j.cexr.2024.100053 
9. Dalal, S., & Manisha. (2017). A study of home environment in relation to scientific attitude, study habits and emotional maturity of adolescents. International Journal of Indian Psychology, 4(4), DOI: 10.25215/040021 
10. Demircioglu, T., Karakus, M., & Ucar, S. (2023). Developing Students’ Critical Thinking Skills and Argumentation Abilities Through Augmented Reality–Based Argumentation Activities in Science Classes. Science and Education, 32(4), 1165–1195. https://doi.org/10.1007/s11191-022-00369-5
11. Dewey, J. (1916). Nationalizing education. Journal of Education, 84(16), 425-428.
12. Dubovi, I. (2024). Facial expressions capturing emotional engagement while learning with desktop VR: the impact of emotional regulation and personality traits. Interactive Learning Environments, 32(9), 5041–5057. https://doi.org/10.1080/10494820.2023.2208173 
13. Dzidonu, C. (2010). An analysis of the role of ICTs to achieving the MDGs. United States of America: Division for Public Administration and Development Management, United Nations Department of Economic and Social Affairs (UNDESA).
14. Etuk, E. N., Koko, G., Etudor-Eyo, E. U., & Samuel, J. (2011). CONSTRUCTIVIST INSTRUCTIONAL STRATEGY AND PUPILS’ ACHIEVEMENT AND ATTITUDE TOWARDS PRIMARY SCIENCE. In Bulgarian Journal of Science and Education Policy (BJSEP) (Vol. 5). 
15. Fiorella, L., & Mayer, R. E. (2016). Eight Ways to Promote Generative Learning. In Educational Psychology Review (Vol. 28, Issue 4, pp. 717–741). Springer New York LLC. https://doi.org/10.1007/s10648-015-9348-9 
16. Ford, K., & Lott, L. (2009). The impact of technology on constructivist pedagogies. Theories of Educational Technology.
17. Freina, L., & Ott, M. (n.d.-a). A Literature Review on Immersive Virtual Reality in Education: State Of The Art and Perspectives. http://www.google.com/patents/US3050870 
18. Freina, L., & Ott, M. (n.d.-b). A Literature Review on Immersive Virtual Reality in Education: State Of The Art and Perspectives. http://www.google.com/patents/US3050870 
19. Georgiou, M. (2016). The impact of constructivist multimedia-based instruction on students' achievement in science (Doctoral dissertation, Northcentral University).
20. Harwood, W. S., & McMahon, M. M. (1997). Effects of Integrated Video Media on Student Achievement and Attitudes in High School Chemistry. Journal of Research in Science Teaching, 34(6), 617–631. https://doi.org/10.1002/(SICI)1098-2736(199708)34:6<617::AID-TEA5>3.0.CO;2-Q 
21. Hsu, Y. C. (2020). Exploring the learning motivation and effectiveness of applying virual reality to high school mathematics. Universal Journal of Educational Research, 8(2), 438–444. https://doi.org/10.13189/ujer.2020.080214 Innovative use of web forums to foster collaboration in PBL session. (n.d.).
22. Jensen, L., & Konradsen, F. (2018). A review of the use of virtual reality head-mounted displays in education and training. Education and Information Technologies, 23(4), 1515–1529. https://doi.org/10.1007/s10639-017-9676-0 
23. Jia, Q. (2010). A Brief Study on the Implication of Constructivism Teaching Theory on Classroom Teaching Reform in Basic Education. In International Education Studies (Vol. 3, Issue 2). www.ccsenet.org/ies 
24. Keengwe, J., & Onchwari, G. (2011). Fostering meaningful student learning through constructivist pedagogy and technology integration. International Journal of Information and Communication Technology Education (IJICTE), 7(4), 1-10.
25. Kohman, R. A., & Rhodes, J. S. (2013). Neurogenesis, inflammation and behavior. Brain, Behavior, and Immunity, 27(1), 22–32. https://doi.org/10.1016/j.bbi.2012.09.003 
26. Kokkotas, P., Vlachos, I., & Koulaidis, V. (1998). Teaching the topic of the particulate nature of matter in prospective teachers’ training courses. International Journal of Science Education, 20(3), 291–303. https://doi.org/10.1080/0950069980200303 
27. Kolb, D. A. (n.d.). Experiential Learning: Experience As The Source Of Learning And Development Executive skills of Family Medicine Faculty View project How You Learn Is How You Live View project. http://www.learningfromexperience.com/images/uploads/process-of-experiential-learning.pdf! 
28. Liu, K., Zhang, W., Li, W., Wang, T., & Zheng, Y. (2023). Effectiveness of virtual reality in nursing education: a systematic review and meta-analysis. BMC Medical Education, 23(1). https://doi.org/10.1186/s12909-023-04662-x 
29. López-Belmonte, J., Moreno-Guerrero, A.-J., Marín-Marín, J.-A., & Lampropoulos, G. (2022). The Impact of Gender on the Use of Augmented Reality and Virtual Reality in Students with ASD. Education in the Knowledge Society (EKS), 23. https://doi.org/10.14201/eks.28418 
30. Luo, H., Li, G., Feng, Q., Yang, Y., & Zuo, M. (2021). Virtual reality in K-12 and higher education: A systematic review of the literature from 2000 to 2019. In Journal of Computer Assisted Learning (Vol. 37, Issue 3, pp. 887–901). Blackwell Publishing Ltd. https://doi.org/10.1111/jcal.12538 
31. Makransky, G., & Petersen, G. B. (2021). The Cognitive Affective Model of Immersive Learning (CAMIL): a Theoretical Research-Based Model of Learning in Immersive Virtual Reality. In Educational Psychology Review (Vol. 33, Issue 3, pp. 937–958). Springer. https://doi.org/10.1007/s10648-020-09586-2 
32. Makransky, G., Terkildsen, T. S., & Mayer, R. E. (2019). Adding immersive virtual reality to a science lab simulation causes more presence but less learning. Learning and instruction, 60, 225-236.
33. Mayer, R. E. (2014). Incorporating motivation into multimedia learning. Learning and instruction, 29, 171-173.
34. Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014). Effectiveness of virtual reality-based instruction on students’ learning outcomes in K-12 and higher education: A meta-analysis. Computers and Education, 70, 29–40. https://doi.org/10.1016/j.compedu.2013.07.033
35. Moemennasab, M., Rahemi, S., Ayatollahi, A., & Aeen, M. (2002). The effect of video-based instruction on students' cognitive learning. Journal of medical education, 1(3).
36. Moreno, R., & Mayer, R. E. (2002). Learning science in virtual reality multimedia environments: Role of methods and media. Journal of educational psychology, 94(3), 598.
37. Osborne, R., & Freyberg, P. (1985). Learning in Science. The Implications of Children's Science. Heinemann Educational Books, Inc., 70 Court Street, Portsmouth, NH 03801.
38. Peeraer, J., & Van Petegem, P. (2011). ICT in teacher education in an emerging developing country: Vietnam’s baseline situation at the start of “The Year of ICT.” Computers and Education, 56(4), 974–982. https://doi.org/10.1016/j.compedu.2010.11.015 
39. Piaget, J. (1971). The theory of stages in cognitive development. In Green, D. R., Ford, M. P., & Flamer, G. B. (Eds.), Measurement and Piaget.
40. Premalatha, R., & Indu, H. (2025). Systematic Review on Enhancing Science Process Skills through Virtual Reality in School Education. Indian Journal of Educational Technology, 7(II), 366-380. https://journals.ncert.gov.in/IJET/article/view/1407 
41. Qian, J., McDonough, D. J., & Gao, Z. (2020). The effectiveness of virtual reality exercise on individual’s physiological, psychological and rehabilitative outcomes: A systematic review. In International Journal of Environmental Research and Public Health (Vol. 17, Issue 11, pp. 1–17). MDPI AG. https://doi.org/10.3390/ijerph17114133 
42. Rahaman, A., & Forid, M. S. (2024). Impact of Augmented Reality (AR) and Virtual Reality (VR) on Interactive Learning Systems. https://scienceget.org/index.php/pjaei 
43. Rebecca, W., & Marshall, S. (2012). A New Face of Education: Bring Technology into the Classroom in the Developing World. Global Economy and Development, Brookings. Sarkar, S.(2012). The Role of Information and Communication Technology (ICT) in HigherEducation for the 21st Century. The Science Probe, 1(1), 30-40.
44. Richardson, V. (2018). Constructivist Teaching and Teacher Education: Theory and Practice. https://www.researchgate.net/publication/324532933 
45. Shim, K. C., Park, J. S., Kim, H. S., Kim, J. H., Park, Y. C., & Ryu, H. Il. (2003). Application of virtual reality technology in biology education. Journal of Biological Education, 37(2), 71–74. https://doi.org/10.1080/00219266.2003.9655854 
46. Shipman, V., & Nuñez Gornes, L. (1986). La prueba de habilidades de razonamiento II: Nueva Jersey [Test manual]. Secretaría de Educación Pública.
47. Shradha Budhedeo Assistant Professor, A. H. (2016). Issues And Challenges in Bringing ICT Enabled Education To Rural India. 4. https://doi.org/10.18535/ijsre/v4i01.01 
48. Slykhuis, D. A., Wiebe, E. N., & Annetta, L. A. (2005). Eye-tracking students’ attention to PowerPoint photographs in a science education setting. Journal of Science Education and Technology, 14(5–6), 509–520. https://doi.org/10.1007/s10956-005-0225-z 
49. Smith, J. R., Snapp, B., Madar, S., Brown, J. R., Fowler, J., Andersen, M., Porter, C. D., & Orban, C. (2023). A Smartphone-Based Virtual Reality Plotting System for STEM Education. PRIMUS, 33(1), 1–15. https://doi.org/10.1080/10511970.2021.2006378
50. Tamilselvi, N., & Subramaniam, V. (2023). Exploring viability of Adapting VR in Classroom Education in India. Bayan College International Journal of Multidisciplinary Research, 3(1), 58-65.
51. Vats, S., & Joshi, R. (2023, December). The impact of virtual reality in education: A comprehensive research study. In International Working Conference on Transfer and Diffusion of IT (pp. 126-136). Cham: Springer Nature Switzerland.
52. Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard University Press.
53. Wasif Nisar, M., & Ali, S. (2011). Usage and Impact of ICT in Education Sector; A Study of Pakistan. Australian Journal of Basic and Applied Sciences, 5(12), 578–583. 
54. Wu, B., Yu, X., & Gu, X. (2020). Effectiveness of immersive virtual reality using head-mounted displays on learning performance: A meta-analysis. In British Journal of Educational Technology (Vol. 51, Issue 6, pp. 1991–2005). Blackwell Publishing Ltd. https://doi.org/10.1111/bjet.13023 
55. Yuh-Tyng Chen. (2012). Integrating anchored instructional strategy and modularity concept into Interactive multimedia PowerPoint presentation. International Journal of the Physical Sciences, 7(1). https://doi.org/10.5897/ijps11.1605 
56. Yusuf, M. O. (2005). Information and communication technology and education: Analysing the Nigerian national policy for information technology. International Education Journal, 6(3), 316–321. http://iej.cjb.net 
57. Zacharia, Z. C., Olympiou, G., & Papaevripidou, M. (2008a). Effects of experimenting with physical and virtual manipulatives on students’ conceptual understanding in heat and temperature. Journal of Research in Science Teaching, 45(9), 1021–1035. https://doi.org/10.1002/tea.20260 
58. Zacharia, Z. C., Olympiou, G., & Papaevripidou, M. (2008b). Effects of experimenting with physical and virtual manipulatives on students’ conceptual understanding in heat and temperature. Journal of Research in Science Teaching, 45(9), 1021–1035. https://doi.org/10.1002/tea.20260.









xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
 

Pre-test


Students' average grade in the previous science class


Students' average grade in the previous science class


Group


Experimental Group


Control Group


Implementation


Teaching lessons with the traditional method (using textbook)


Teaching lessons with VR material


Post-test


