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ARTICLE INFO ABSTRACT

The faulty teaching methods hamper the applicability of physics concepts.
Henceforth, this study was conducted. Sixty students of class tenth were selected
randomly from a conveniently selected CBSE board school. The students were
then assigned randomly to experimental and control groups by intact grouping.
In the study, quasi-experimental pre-test post-test research design was
implemented. PhET simulations were used for instructional purposes and
academic achievement was assessed through an Academic Achievement Test. It
was revealed that virtual lab-enabled active learning was more effective whilst
both male and female students had similar achievements when virtual lab-
enabled active learning was used for instruction.

Keywords: Virtual lab, Active Learning, Academic Achievement, Secondary
stage, Physics

Introduction

Academic achievement is a construct that is greatly influenced by the teaching method. As per the National
Achievement Survey of class tenth in the academic year, 2017-18 of cycle 2, the national-level achievement in
science was distressing. It was remarkably below the state-level achievement in science. The national average
achievement in science was merely 34% whilst that of the state average was 51%. Going by gender, both the
boys and the girls performed equally well in science and their percentages were found to be 51%. The low level
of achievement in science may be attributed to many factors, one being the faulty and futile methods of
teaching.

Henceforth there is a need to employ such methods of teaching that keep the students engaged in their learning
process and are constructivist. The active learning method is one such method. Bonwell and Eisson (1991)
defined active learning strategies as “instructional activities involving students in doing things and thinking
about what they are doing”. So active learning methods are those instructional methods in which the students
remain engrossed in their learning processes. Additionally, they remain active while making the meaning of
their learning.

The students remain active mostly when ICT is used to teach them. Virtual labs are such technological
advancements that remove abstraction in the concepts and increase visualization (Shih et al. 2016). When
these are used in sync with other active learning strategies, optimize students’ achievements (Zacharia and
Constantinou, 2008; Chen, 2010), and higher-order thinking skills to a large extent (McElhaney, 2007; Sun,
Lin, and Yu, 2008; Chen, 2010), remarkably enhances acquisition of concepts (Triona and Klahr, 2003, Klahr,
Triona, and Williams, 2007) and make the learning more meaningful (Darrah et al., 2014).

In this present era, it is required that students be taught in such a way that they take part in their learning
process rather than just remain passive learners. Learners are expected to actively construct their knowledge
based on their prior experiences as propounded by Jean Piaget (1971) rather than cramming and rote
memorization. So if students have to be equipped with 21st-century skills then they have to be masters of their
learning process rather than mere listeners. So to achieve these students must be actively engaged in their
learning process. John Dewey (1983) has propounded that students learn more by doing. Therefore, teachers
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must involve the learners in classroom activities and keep them active throughout their learning process.
Hence educators must plan activities and exercises that keep them active.

Active learning exercises are the activities that the teachers adopt in their teaching that keep the students
active. The students do not merely listen passively, rather they act (Bonwell and Eison, 1991). These activities
have several evident benefits.

So this study was conducted to see the effect of virtual lab-enabled active learning exercises on the academic
achievement of secondary-stage students in physics.

Review of related literature

The roots of active learning lie in evidence-based education and student-centered education that has been there
for a century. According to Dewey (1916), “learning is something that the individual does when he is studying.
He also added that it is an active and personally conducted affair”. So he was one of the most influential and
early advocates of active learning (Pesavento et al. 2015). Active learning methods have been reasonably used
in diverse scientific domains. It was found to advance the academic performance of the underrepresented
groups in STEM in courses like introductory mathematics and aerospace engineering using flipped classrooms
(Aji and Khan, 2019). In line with this, students believed that activity-based learning was very effective because
it enhanced their understanding apart from increasing their sense of accountability, creating an attractive
learning environment, and increasing achievement (Albadi and David, 2019).

Nonetheless, for the accomplishment of the active learning method, active learning environments play a
foremost role. In this regard, problem-based learning and project-based learning are some of the learning
environments that promote active learning (Silberman, 1996; Duch, Groh and Allen, 2001; McConnell, Steers
and Owens, 2003; Prince, 2004). Likewise, Technology-rich environments also play a substantial share in
endorsing active learning (Hassan and Puteh, 2017). One such environment is a technology-enabled virtual lab
(Nair et al. 2012). Virtual labs are the prototypes of physically existing real labs without walls (Babateen, 2011).
These labs have been evidenced to be useful in increasing achievement in chemistry (Tatli and Ayas, 2013),
and biology (Azizah and Aloysiuh, 2021) and are widely used in medical fields such as nursing for training
them for real situations (Padilha et al. 2019). Similarly, these labs have been profoundly used in various
engineering streams such as electrical, chemical, etc. (Muthusamy, Kumar, Rosfashida and Latif, 2005).
These labs provide a lot of avenues for the students to be active in such environments. Henceforth, these labs
can be used in various ways. They can further be used to train the students before going to the wet labs.
Moreover, after performing experiments in the virtual labs, increased student learning gains have been
witnessed in addition to student engagement, self-efficacy, motivation, and achievement (Goudsouzian et al.
2018; Reece and Butler, 2017; Su and Cheng 2019; Dyrberg et al. 2017). These benchmark discoveries and
findings will enable the identification of more beleaguered ways that will assist the instructors in their
endeavors to embrace active learning instructional practices that will in consequence endorse widespread
instructional alterations (Pelch and McConnell 2016; Lund and Stains, 2015).

Genders differ in their response to active learning methods (Aguillon, Siegmund, Petipas, Drake, Cotner and
Ballen, 2020). An analogous inclination was witnessed when virtual lab-enabled active learning was brought
into consideration. This drift was predominantly evident in the mastery of the concepts wherein male students
were promulgated to have mastered the concepts which were of higher order more than the female students
whose concept mastery was of subordinate levels only (Gunawan, Suranti, Nisrina and Ekasari, 2018). Further,
virtual labs were anticipated to be more significant in increasing the creativity of the males than the females
(Gunawan, Susilawati, Dewi, Herayanti, Lestari and Fathoroni, 2020). Likewise, the labs were advocated to be
reasonably more effective in improving the cognitive load (CL) and laboratory skills (LS) of males than the
counterparts (Ibrahem, Alsaif, Alblaihed, Ahmed, Alshrif, Abdulkader and Diab, 2022). Contrary to these
studies, certain studies revealed better results in favor of females in terms of creativity (Gunawan, Suranti,
Nisrina, Herayanti, Rahmatiah, 2018), and attitude (Keter, Wachanga, and Anditi, 2016). Concomitantly some
studies professed that virtual labs had no significant impact on either academic achievement or attitude
(Ambusaidi, Musawi, Al-Balushi and Al-Balushi, 2018). Further, it was propounded that students had similar
attitudes in chemistry practicals in both virtual labs (Vlabs) and physical labs (PLabs) (Ratamun and Osman,
2018). Furthermore, the achievement of male and female students was reported to be similar when taught
chemistry using the virtual lab in collaborative settings (Gambari, Obielodan and Kawu, 2017). Additionally,
researchers have argued that instructions carried through virtual laboratories increase academic achievement
(Dalgarno, Bishop, Adlong and Bedgood, 2009; Yu, Brown, and Billet, 2005; Tatli and Ayas, 2013). But at the
same time, some other studies cited that the virtual labs were insignificant to academic achievement
(Ambusidi, Musawi, Al-Balushi and Al-Balushi, 2018). Henceforth no conclusive remark could be drawn from
the studies conducted so far.

The above review of the literature divulges that there is a gap as no study was found that was done to
understand the effect of virtual lab-enabled active learning methods on the academic achievement of
secondary-stage students in physics. But studies were done to see the effect of the active learning method on
academic achievement in various STEM subjects. Also, the reviewed literature illustrates that most studies
were concerted on engineering and medical education but school education was in a dismal state. So studies
need to be carried out to address school education predominantly secondary education that lays the
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groundwork for taking it further and streamlining them towards their goals as either doctors or engineers and
scientists in prominent institutions of the country. Moreover, no such study has been conducted in Lucknow
over the years, so given the changing dynamics of society, such studies are the dire need of the hour.

Objectives

1. To compare the effect of the virtual lab-enabled active learning method and traditional teaching method on
scores of academic achievement of secondary stage students in physics.

2. To compare the effect of the virtual lab-enabled active learning method and traditional teaching method on
scores of academic achievement of male and female students of the secondary stage in physics.

Hypotheses

The following hypotheses were formulated for the objective of the present study-

Hoa1: There is no significant difference between the virtual lab-enabled active learning and the traditional
teaching method on mean scores of academic achievement of secondary-stage students in physics.

Hoz2: There is no significant difference between the virtual lab-enabled active learning and traditional teaching
method on mean scores of academic achievement of male and female students of the secondary stage in
physics.

Methodology

The study is quasi-experimental research that employs a pre-test and post-test equivalent group design. In the
present study dependent variable was academic achievement while the independent variable was active
learning enabled virtual lab method and traditional teaching method (teaching approach). The population is
comprised of CBSE board secondary stage students of Lucknow City. In the present study, 60 students
comprised the sample that was selected conveniently using intact grouping. Males and females were both parts
of the sample. Sampling was done at two levels: School was selected conveniently while two sections of class
10th were selected randomly and were assigned to experimental and control groups randomly by intact
grouping.

Tools used in the study
The following are the tools used in the study:

Active learning experience

An active learning experience was given to the students by the experimenter or through small group
discussions. The active learning experience was based on the topics of physics and was taught for a month.
Here the active learning experience was provided to the students through the virtual lab simulations. So it was
the simulated virtual lab that was used to give active learning experiences to the students. Here the simulated
virtual lab that was used was the PhET simulations. The PhET simulations are open-access simulations of the
project of the University of Colorado. Here the teachers and instructors could also contribute their simulations.
The electricity chapter was taught to the students for one month with virtual lab simulations. The topics
covered were:

Current, Voltage, Resistance, Resistivity, Ohm’s law, Construction of a basic circuit, Series and parallel
connection.

Academic achievement test

For the study, the physics achievement test was prepared for the students of the secondary level. The test
comprised 25 questions related to the topic taught through active learning. Four options were given for each
question and students had to choose the correct answer. This test was prepared by the investigator to measure
the achievement of students of class 10t in physics subject. The test was prepared on the topic- Electricity. The
test was validated by experts for content. The reliability of the test was found to be 0.75 using the Kuder-
Richardson formula and found that the tool was fairly reliable.

Results of the study

The following virtual lab simulations were used to explain the concepts of Current, Voltage, Resistance,
Resistivity, and Ohm’s law, Construction of a basic circuit, and Series and parallel connection as shown in
Figure 1. In these simulations, the students had to first assemble the various parts of the circuit and then vary
various parameters to see the effect on the other on the screen.
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Figure 1. As : imulations used by the students

After the collection of data, the data were subjected to statistical analysis. The data were analyzed using
ANCOVA.

Effect of virtual lab enabled active learning on academic achievement of secondary stage
students

The first objective was to compare the effect of the virtual lab-enabled active learning method and traditional
teaching method on scores of academic achievement of secondary-stage students in physics. So a research
hypothesis was formulated which was kept as an alternative to the null hypothesis “There is no significant
difference between the virtual lab-enabled active learning method and the traditional teaching method on
mean scores of academic achievement of secondary stage students in physics.”

Table 1 Summary of One Way ANCOVA of academic achievement in physics of secondary stage students
by considering their pre-academic achievement scores in physics as the covariate
Source df SS My« Fyx Remarks
Group 1 184.67 184.67 14.35 p<o0.01
Error 57 733.72 12.87
Total 60 26136.00
**Significant at 0.01 level.

The adjusted F-value is 14.35 which is significant at 0.01 level with df = 1/57 (Table 1). It indicates that there
is a significant difference in adjusted mean scores of academic achievement in physics of the students taught
physics through the virtual lab-enabled active learning and traditional methods when their pre-academic
achievement scores in physics are considered as the covariate. Thus the null hypothesis that there is no
significant difference in adjusted mean scores of academic achievement in physics of the students taught
physics through virtual lab-enabled active learning and traditional methods by considering their pre-academic
achievement scores in physics as the covariate is rejected. The adjusted mean scores are given in Table 2.

Table 2 Teaching method-wise M,, ., SEp and N of students

Teaching method N SEp My x
Virtual lab 30 0.47 32.39
Traditional 30 0.47 25.84

Further, the adjusted mean score of academic achievement in physics of the students taught through the virtual
lab-enabled active learning method is 32.39 which is significantly higher than that of the students taught
through the traditional method whose adjusted mean score of academic achievement in physics is 25.84 when
their pre-academic achievement scores are considered as the covariate. It may, therefore, be said that the
virtual lab-enabled active learning method was found to be significantly more effective in comparison to the
traditional method when their pre-academic achievement scores are considered as the covariate.

Effect of virtual lab enabled active learning on academic achievement of male and female
students at the secondary stage

The objective was to compare the effect of the virtual lab-enabled active learning method and traditional
teaching method on scores of academic achievement of male and female students of the secondary stage in
physics. So a research hypothesis was formulated which was kept as an alternative against the null hypothesis
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stated as “There is no significant difference between the virtual lab-enabled active learning method and the
traditional teaching method on academic achievement of male and female students of the secondary stage in
physics”.

Table 3 Teaching method wise N, M and SD
Teaching method Gender N M SD
Virtual lab enabled active learning Female 12 21.08 4.17
Male 18 23.67 5.09
Traditional Female 14 18.50 271
Male 16  21.69 4.60

Since the teaching method has two levels virtual lab and traditional lab while the gender has two levels- male
and female. Therefore, the data were analyzed using 2x2 Factorial design ANCOVA of academic achievement
in physics of male and female secondary stage students by considering their pre-academic achievement scores
in physics as the covariate and the results are given in Table 4.

Table 4 Summary of 2x2 Factorial design ANCOVA of academic achievement in physics of male and
female secondary stage students by considering their pre-academic achievement scores in physics as the

covariate
Sources of variance df SSyx MSSyx Fyxvawe Remarks
Teaching method (A) 1 53.86 53.86 3.25 n.s
Gender (B) 1 75.66 75.66  4.56**  p<o0.01
AxB 1 0.02 0.02 0.20 n.s
Error 55 911.71 16.58
Total 60 28779.00

n.s = Not Significant
** = Sjgnificant at 0.01

Effect of groups on academic achievement of male and female students in physics when their
pre-academic achievement scores are taken as covariate

From Table 3, it can be seen that the adjusted F-value for the ability group is 4.56 which is significant. It
indicates that the adjusted mean scores of academic achievement in physics of male and female students differ
significantly. So there was a significant effect of groups on the academic achievement of male and female
students in physics taking their pre-retention of academic achievement scores as a covariate. Thus the null
hypothesis that there is no significant difference in the effectiveness of virtual lab-enabled active learning and
traditional teaching methods on adjusted mean scores of academic achievement of male and female students
in physics at the secondary stage is rejected. It may, therefore, be said that the virtual lab method of teaching
has a significant effect on the academic achievement of secondary-stage students in physics.

Table 5 Teaching method-wise N, SE and M, ., of academic achievement
Teaching method Gender N SE My«
Virtual lab-enabled active learning Female 12 1.12 21.09

Male 18 0.97 23.37
Traditional Female 14 111 19.13
Male 16  1.02 21.47

Further from Table 4, it can be seen that the adjusted mean score of academic achievement of the virtual lab-
enabled active learning method females is 21.09 which is significantly higher than the traditional method group
having an adjusted mean score of academic achievement of 19.13. Similarly, the adjusted mean score of
academic achievement of the virtual lab-enabled active learning method males is 23.37 which is significantly
higher than the traditional method group having an adjusted mean score of academic achievement of 21.47. It
may, therefore, be said that the students taught through the virtual lab-enabled active learning method were
found to have academic achievement superior to the students taught through traditional methods.

Effect of methods of interaction between groups and gender when their pre-academic
achievement is taken as covariate

The adjusted F-value for interaction between methods of teaching and gender is 0.20 which is not significant
(Table 4). It indicates that the adjusted mean scores of academic achievement of the students in physics taught
through virtual lab-enabled active learning and traditional methods have no significant effect on genders. So
there was no significant effect of interaction between groups and gender on the academic achievement of the
students in physics when their pre-academic achievement scores are considered as a covariate. Thus the null
hypothesis that there is no significant effect of interaction between methods of teaching and academic
achievement of male and female students in physics when their pre-academic achievement scores are
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considered as a covariate is not rejected. It may, therefore, be said that there is no significant effect of
interaction between groups and gender on the academic achievement of the students in physics at the higher
secondary stage.

Discussion of the findings

The findings reveal that there is a positive impact of active learning experiences on Physics subject achievement
of students of secondary level. The students who are taught through virtual lab enabled- active learning
experiences show better academic achievement as compared to those who were not taught through this.

The virtual lab-enabled active learning method was found to be significantly more effective in comparison to
the traditional method when their pre-academic achievement scores are considered as the covariate. Virtual
lab-enabled active learning was effective in increasing the academic achievement of the students in the
secondary stage. This is because virtual labs are capable of providing visualization and thus reducing
abstraction. This finding is similar to the studies conducted by Raja et al. (2021). However, the results
contradict the results of Ambusaidi et al. (2018). So this study recommends the use of virtual labs to make the
students think critically, developing higher-order thinking skills and inquiry processes (Rajendran,
Veilumuthu and Divya, 2010). Likewise, active learning methods must be encouraged by the instructors. They
should make concerted efforts to encourage inclusive innovative strategies for the equitable participation of
all.

The virtual lab-enabled active learning method was found to be significantly more effective in comparison to
the traditional method when their pre-academic achievement scores were considered as the covariate. It was
also found to be significantly more effective on male and female students in comparison to the traditional
method when their pre-academic achievement scores are considered as the covariate. The virtual lab-enabled
active learning was regarded to be relatively more effective for males than females which corroborated with
the studies (Moss-Racusin et al. 2018; Oser, 2013). The results of the study contradicted the outcomes of the
study (Koksal and Berberoglu, 2014). However, there is no significant effect of interaction between groups and
gender on the academic achievement of the students in physics at the higher secondary stage. Although the
difference between male and female academic achievements was conveyed to be small nonetheless there was
no significant effect of interaction between methods of teaching and gender (Ratamun and Osman, 2018).

Conclusion

In the present piece of work, the researcher tried to study the effect of virtual lab-enabled-active learning
experiences on the academic achievement of physics students studying at the secondary level. The present
study has brought to light the importance of virtual lab-enabled-active learning experiences in teaching physics
as well as its impact on their achievement.

Henceforth, the study may pave the way for more research on the various strategies that may be employed in
such virtual and technology-rich environments that may promote active learning among the students.
Likewise, the study was conducted for a short duration of time on a small sample. So the study could be
conducted for a prolonged period on a larger sample. Additionally, future studies may be conducted in
consideration of diverse boards, and the location of the students.
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