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Abstract

The study was focused to explore the use of virtual world of computer in Biology experiments to
foster the students’ problem-solving skills (PSS). The study was made on explanatory sequential
mixed method design which included quantitative (true-experimental) approach was followed by
qualitative (interview protocol) method. Population of the study included government schools of
Punjab. The sample of the study included the government school of backward areas of south
Punjab. With help of random sampling technique, the sample was taken and divided into two
groups i.e., experimental and control group. The both groups were taught the concept of evolution.
But the experimental group was taught with the non-immersive virtual reality program i.e., MEGA
(Molecular Evolutionary Genetics Analysis) version 11. While, the control group was taught with
the traditional lecture method. Two research instruments were prepared for the data collection. For
the quantitative step of the study, a multiple-choice question paper was prepared to check students'
problem-solving skills. This MCQ paper was used as pre and post-test (before and after
intervention of experiment). For the qualitative step, the other research tool included interview
protocol to check students' remarks regarding their experimentation of VR (virtual reality). Data
analysis included independent sample t-test, (for quantitative study); while thematic analysis was
made to explore the students' experience during the intervention. The findings revealed that virtual
reality had significantly affected students’ PSS of experimental group than that of the control
group. The interview protocol further revealed the challenges and feasibility of the intervention of
the experiment.
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Introduction

Surge of advanced computer technologies to the education and other fields, have raised
up the demand of instruments, and gadgets in the education. Moreover, the sudden
eruption of pandemics in previous decades (turning the traditional concept of face-to-face
learning to online/blended learning), changed the face of education in such a way which
could not be recovered to its previous phase even after the situation got normal (Fenech,
2021; Nasution et al., 2021).

The use of digital technology penetrated to the educational routine turning a
paradigm shift from natural to virtual miraculous world (Alammary et al., 2014; Atwa et
al., 2022). The concept of virtual laboratories and virtual experimentation is one link of
that chain and has been proved as a blessing for the developing countries like Pakistan
(Kintu et al., 2017; Zhao & Song, 2022). With the use of virtual environments, students
of ignored areas which lacked sufficient laboratory facilities, and the students of online/
distance or blended mode of education, can get equal benefits (Thiong et al., 2014). The
students while using virtual environments, systematically confronts to different situations
which play vital role in their physical and mental development (Rehman et al., 2021a).As
Vygotsky indicates that games play a vehicle for learning new concepts (Vygotsky, 1978;
Vygotsky & Kozulin, 1986). Regardless of their complexity, the games aid learning
process, especially for teaching cause and effect relationships.

In summary, VR technology has the potential to enhance problem-solving skills
in biology by providing students with opportunities to engage in immersive, inquiry-
based learning experiences, and by offering visualizations of complex biological systems
and processes that are difficult to observe in the real world.

Research Objectives

Main research objectives of the study were:

e To investigate the change in level of problem-solving skills in the concept of
genetics and evolution, with engagement in virtual environment MEGA
(Molecular Evolution Genetic Analysis) version 11.13.

e To investigate the change in level of problem-solving skills in the concept of
genetics and evolution, without engagement in virtual environment.

Research Questions

e What change in level of Problem-Solving skills is obtained by students while
using virtual environment?

e What change in level of Problem-Solving skills is obtained by students without
using virtual environments?
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Literature Review
Historical Development of AVR in World and Pakistan getting Behind

Literature indicates that the invention of stereoscope in 1838(Martin, 1988;
Woodward et al., 1987), put foundations of use of virtual imaging in the world. View-
Master followed this next year, which is still being used today (de Jong, 2011). The start
of 3D imaging in 1960s, in the form of “Sensorama” (Jong & Njoo, 1992), and “Ultimate
Display” (Newell & Simon, 1961), and “Creation of Aspen Film Maps” (Huppert et al.,
1998) put a new wave of innovation to this virtual world imaging.

However, the term “Virtual reality” in its real sense was first used by Lanier
(Simmons & Lunetta, 1993), at the end of that decade. Till this time, the virtual reality
just meant for symbolism of real world in the form of virtual images whether still or
moving.

A novel and great advancement in the term started in 2001, as immersive and
non-immersive environment, where the persons experienced themselves to be part of
virtual world either by manipulating situations or not. Such displays were named as “SAS
Cube rooms” by Z-A productions (Saiz & Klein, 2002), and Google Street View by
Google offered stunning views of real world and made them accessible around the globe
(Sahin, 2006). Afterwards a mass spread in scope and depth of VR technology was
observed. Invention of games and simulations started and a new concept of AR and VR
occupied the educational platforms till 2018 (Rehman et al., 2021a).

Standing of Pakistan

Pakistan having standing among the developing countries of world, is yet behind
the world in its technological advancements. So, here the use of VR is very low. Only a
few companies are providing services to implement technology in educational
institutions. NED university was first to establish virtual labs in Pakistan named as “The
Grid” (Igbal et al., 2017) Among others EduSery, Haptica, and STYLY are prominent
names who are presenting computer simulation services in Pakistan (Burns & Vollmeyer,
2020). Haptica, EduSery (Wikipedia, 2022), and STYLY are offering different
educational simulation software, and laboratories services in Pakistan (Geven & Hasan,
2020; M. A. Nadeem, n.d.). STYLY even conducts various workshops in renowned
Pakistani universities to provide awareness and information regarding VR technology.

Still in comparison with the world education systems, use of VR technology in
Pakistan is just nominal (Hali et al., 2021). Following figure illustrates the standing of
Pakistan with respect to developed counties.
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Figure 1. Standing of Pakistan with developed countries w.r.t use of VR technology (A. Nadeem, 2019).

As described in the previous section, Pakistan is very far from world in use of
this technology due to lack of resources, to afford supercomputing systems and the other
add-ons. For example, Oculus Rift (Zubair & Zubair, 2020) and HTC Vive are two most
widely used devices for creating AVR environments which cost 450-650 dollars each
(Rehman et al., 2021b). Even then they require to support powerful PCs to run these
devices. So, purchasing such systems to develop virtual laboratories for educational
institutions is a big challenge for a developing country like Pakistan who has expenditure
over education only 2.5 of total GDP (World Bank, 2018).

Therefore, some older low-cost versions or immersive technology (e.g., HMDs)
or non-immersive computer simulations, are gradually getting fame in Pakistan
(Ameerbakhsh, 2018; Fadi & Aoude, 2015). Different technology companies' sale reality
software which requires cell phones instead of a PC or no extra attachments e.g., Gear
AVR of Samsung, and Google Daydream require no additional devices as mentioned
above (Mcgrath, 2022). These Samsung Gear or Google Daydream just require
headphones and smart phones (Burns & Vollmeyer, 2020). But mostly this immersive
simulator software is used in gaming instead of educational purpose such as PUBG
(Desmeulles et al., 2014). However, the interactions and projections of smartphone
display may not give real immersion due to their lower quality images, and limited
collaborative powers.
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In Pakistani classrooms (especially in secondary and higher secondary levels),
the maximum use of technology is limited to the PCs only (Rahmawati et al., 2018).
Other technological gadgets such as digital projectors, interactive whiteboards etc. are not
used in the schools. Therefore, the use of immersive AVRs is not possible in Pakistani
schools. Teachers are bound to perform conventional activities, and reluctant to embrace
modern technological developments (Farrell et al., 1999; A. Nadeem, 2019).

Introduction of low-cost non-immersive AVRs considerably supported this mode
of education. According to World Bank Report, inadequate education system is major
cause of poverty in the small-income countries and the introduction of this AVR
technology may enhance quality education for students in developing countries(OECD,
2016) and thus ultimately may lead to poverty eradication (World Bank, 2018). Further
various organizations around the world (such as Harvard, and MIT) are providing
training courses over the AVR technology.

Problem Based Learning Models (PBM)

Problem solving skills are always considered as base of the progress in science education,
as they are itself based on the scientific attitude of investigation. (Syafii & Yasin, 2013)
cited a recommendation made by College of Education, University of Washington
(2001), according to which, the usage of problem-solving skills aid students to grasp
essential knowledge and concepts in better ways.

Usually, PBM is considered as synonym to scientific learning approach including
similar steps such as 1) identifying problem; 2) selecting all possible solutions to the
problems; 3) identifying best possible solution to the problem; 4) trying out the selected
solution; and 5) presenting the findings under the guidance of teachers (Annetta et al.,
2010; Smith & Duncan, 2011). Getting through these steps, indulge students completely
to their assignments. It indicates the ability to fully understand and master the
fundamental concepts. Thus, the concept of constructivist learning is built up using the
PBL environments.

Use of VR in Enhancing Problem Solving Skills

In the present era of technology, the use of AVR is proved to have multidimensional
significance. Firstly, they provide a novelty of learning experience taking away from the
old-fashioned classrooms. Thus, they are getting popular being more attractive and
convenient for the young generations who are getting bored from the old fantasies. The
novelty of the experiments enhances their motivation and enthusiasm towards learning.
The tasks are practised as many times as the students want (Morimoto & Ponton, 2021).
Further the specimens are not let to decay, or disrupt (Aseeri, 2013; Qayyum et al., 2024).
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Secondly, the use of AVR stimulate heutagogic/constructivist learning
atmosphere by making students independent learners as compared to traditional
classrooms i.e., the students need to ask less questions and conversations with their
teachers and fellows as they are expected to do otherwise (Tabassum et al., 2024;
Youngblut, 1998).

Thirdly, the virtual world allows everyone to share and contribute in educational
cycle making them free from the constraints of age, time or status. Thus, they are equally
useful for the online, blended and face-to-face classrooms. They are equally useful for the
students with some impairments (Dilshad et al., 2016; Tibola et al., 2019).

Fourthly, they provide completely unlimited access to records, books or posts.
Sometimes these are only way to investigate real-life systems. These are useful to
investigate peace of behaviour under controlled conditions (Hite, 2022). They help to
compare alternative way of teaching. Instead of the various drawbacks of examination
systems in Pakistan (which is not going to be discussed in detail here being irrelevant to
the topic under study), the VR records the step-by-step progress of the learner
(Mohammad Babateen, 2011; Rahman et al., 2022; Savvides, 2018). Thus, it provides
better, unbiased and more valid assessment procedure. There is no need of invigilator to
catch on senses of students.

Theoretical Background

The theoretical background of the AVR leads to the constructivist approach (main
proponents: Piaget (1896-1980); Vygotsky (1896-1943); Dewey (1859-1952); and Bruner
(1915-2016). The concept of Piaget, and Dewey, assert the importance of activity-based
learning as the basis of science learning. Vygotsky adds the construction of new experiences
over the previous concepts (zone of proximal development) (Chang et al., 2020).

The problem-based method is used as modern constructivist learning approach
with which, some sort of understanding, and concept mapping is made while trying out
different solutions to find answers of given problems (Rasheed et al., 2021). This
approach focuses on the scaffolding to prompt cues, or tools to assist in learning.

The technology integration aids this scaffolding process and transforms the
learning process from teacher-centred to the learner-centred (Duwain Brazley, 2018).
Computer simulation, being one of the emerging technologies in Pakistan, allow learners
to develop habits of self-monitoring and self-paced (heutagogy) (Marin Morales, 2020).
Whereby, each step of given problem is monitored by computer program itself, which
makes the teacher free from observing each student’s work individually and where
chance of human error of missing observation is always left (Bailey, 2017).
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Thus, the concept of scaffolding through AVR computer simulations embraces
the theoretical foundations of Dewey, Piaget and Vygotsky (Madden et al., 2020;
Thompson et al., 2020). The problem-solving concepts completes their theories of
accommodation, and assimilation built on the previous concepts of genetics and
evolution.

Assimilation (Solving
Biological Problems)

Accommodation (Involvement and
Learning via AR)

Previous Theoretical Concepts of Genetics and Evolution

Figure 2. Theoretical Foundations of the Study.

The students were engaged in the previously taught concept of genetics and
evolution in computer simulations program MEGA. This provided a platform for the
students and even teachers to reflect their own learning and analyse different steps of
genetics and evolutionary process. These reflective practices built metacognitive
strategies within students and increased motivation for student learning (Annetta et al.,
2009; Martinez Fernandez, 2020).

Conceptual framework of the study

The conceptual framework of the study was based on comparison between two
learning situations i.e., in-vitro where interaction between human and laboratory
instruments is observed; and in-silico, where the interaction between human and virtual
environment in the form of computer simulation MEGA was observed.
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Figure 3. The Conceptual Framework for the Study
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Delimitations of the study

e Secondary students of 10" class who already had studied the chapters of
Darwinism and genetics.

e The government schools of south Punjab, who usually lacked laboratory
facilities.

e An explanatory mixed method design, with quantitative experimental work, and
qualitative interview protocols.

Research methodology

The study was mixed method explanatory research i.e., the quantitative method followed
by the qualitative method. The quantitative step included pre-test post-test control group
experimental design which is highly recommended design by the research experts (Gay,
2012)i.e.,

Table 1

Description of Study Design

Group Pre-test(O1) Treatment (X) Post-test (02)
Experimental Group (E) Yes Yes Yes

Control Group (C) Yes No Yes

While the qualitative part of the study included interview protocol, which
included the students’ feedback regarding the effectiveness, hurdles and feasibility of the
study. Following figure gives a summary of complete study methodology.

Data Analysis
Frequency distribution, t-Test,

‘ reflective field notes

Measurement

Self Constructed tools

1. ABiology MCQs Test to Measure Students
*Procedural Steps Leaming and Problem Solving Skills.

L. . 1. Interview protocol to get descriptive data to get
*Quantitative Step: True ! ‘ their views regarding experiment

Research Approach
Deductive & Inductive

Study Design_ «
*Explanatory d Method

Experimental (pretest-posttest
control group design)
*Qualitative Step: Interview Protocol

Sample Size

120 Students
Target Population . .
All secondary school students of S&:alﬁglg%ﬁmquf
Punjab

Figure 4. Summary of Research Methodology
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Population and Sample

Population of study included all students from government schools in southern Punjab,
who usually face various instructional issues regarding the facilities and competencies of
laboratory work.

A sample of 120 students was selected using cluster sampling technique. The
total sample was divided into two groups i.e., experimental and control group. The both
groups were equated on their competence level, based on their previous results.

Description of Research Instruments

Brief description of the research tool is summarised in following figure.

. Defining problem

Quantitative tool
MCQs Test
(for Problem Solving Skills and
Learning)

Research Tool

Qualitative Tool
Interview Protocol
(to find out views of
Students regarding their
experience)

Figure 5. Detailed description of the Study Tools
Validation of Research Instruments
The tools were validated by content and construct validity i.e.,

e At first, both of the research tools were got validated by expert review. The
content validity of the tool was found by the expert-review. The criteria for the
validation were set as approval from 80% of the experts as described by
(Fraenkel et al., 2012).

e The second tool comprised a paper designed on Multiple Choice items and was got
validated by statistical analysis i.e., discriminant validity and reliability co-efficient.

e The construct validity of the tool was determined by Average Variance
Extraction (AVE). Acceptance criteria as proposed by (Hair et al., 2018), was
that each latent construct should be greater than that of the highest squared
correlation of the other laten constructs. The values of the discriminant validity
are stated in following table:
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Table 2
Discriminant Validity of the Study Tool
= s 8 8

ps £z % 552 E_gs I
g2 s 2 5 53 25 sE 8.2
52 FE 8% 3% Fz2Z Fis
AL oA ~ g % 7 £3523% A35%®

Defining Problem 1.00

Exploring Problem 0.03 0.65

Plan moderation -0.01 0.16 0.49

Selection of suitable plan 0.02 0.42 0.07 0.68

Implementation of selected solution 0.05 0.55 0.20 0.36 0.67

Self-evaluation of tried method -0.05 0.19 -0.07 0.21 0.10 0.71

The reliability analysis of the tool was found by Cronbach Alpha. Hair et al., (2018)
further described the acceptance criteria for the Cronbach Alpha as acceptable in the
range of 0.45-0.59; average in the range of 0.60-0.69; adequate in the range of
0.70-0.79; good in the range of 0.80-0.89; and excellent when above 0.90. The reliability
analysis of the tool revealed value of Cronbach Alpha was found as 0.89 which was
considered as good as per aforementioned criteria.

Execution of experiment

The concept of evolution was taught to the both groups. The experimental group was
taught using most frequently used Mendelian genetics was selected for that purpose using
MEGA (Molecular Evolutionary Genetics Analysis) software version 11. It provides
user-friendly platform for analysing DNA and protein sequences, and exploring patterns
of genetic change. Moreover, it is efficient as it can be run on the computer as well on the
mobiles as well. Moreover, the software further aids those who adopts biology as major
advancement in career as it leads to the bioinformatics as well. The version of MEGA
taken for the present study was only free or trial version which was easily available for all
students anywhere. The software was first created since 1990 and is widely used till now
in various genetic studies (Kumar et al., 2016, 2024; Stecher et al., 2020; Tamura et al.,
2013, 2021).

The program content was aligned with the curricular content. The concept of
evolution to be run in the software involved two-step process i.e., multiple sequence
alignment and phylogenetic tree construction. The exemplary data set was prepared by
the researched which included the DNA sequences from three different genus’s of sweet
pea plant which is a subject of common interest in secondary classes.
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The experiment was executed for two weeks. afterwards a MCQ test was
constructed for the measurement of problem-solving skills and learning process. The
same test was administered as pre-test and post-test. The indicators used in the test
included: the ability to identify problem; ability to collect/ process data; ability to plan
solution; ability to execute the plan and solve problem; and the ability to evaluate their
own problem-solving process.

Data analysis plan

The results of the study were recorded in SPSS. Data analysis included frequency
distribution and t-test. While, the interviews were summarised and themes were
generated using those interviews.

Study Findings
For each study objective findings of the study are described by following tables:

The main objective of the study was to compare results of pre-test for each of the
experimental and control group. T-test was used for that purpose. The results of this
statistics are given in following table.

Table 3
Scores of the Experimental and Control Group on Pre-test
Groups Mean SD Mean Diff  t-Value Sig. Effect
size
Experimental Group 16.70 2.41
0.12 -0.67 0.51 .037
Control Group 16.58 2.07

It is clearly described by the table that there was insignificant mean difference on t-test
for the results of pre-test of experimental and control group. The mean difference value
(.12), p-value (.51), and effect size (.037) indicated a negligible difference between both
groups. This indicates that the both groups were of equal calibre on initial stage. After the
introduction of treatment (X), the both groups were post-tested and the following tables
describe the results of post-test for both groups.
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Table 4

Scores of the Control Group on Pre-test and Post-test

Group Mean SD Mean Diff  t-Value Sig. Effect size
Pre-Test 16.70 2.41

Post-Test ~ 22.18 2.15 548 8.70 0.00 047

The table indicates the difference of pre-test and post-test results of the control group.
The mean difference (5.48), and p-value (0.00), indicated that the after the intervention of
the experiment, control group gain was significant. However, the and effect size (.47)
value indicated that the inclusion of traditional method to the students is still less
applicable near to medium power of the data difference.

Next, the same was also determined for the experimental group on pre-test and
post-test as well.

Table 5

Scores of the Experimental Group on Pre-test and Post-test

Group Mean SD Mean Diff  t-Value Sig. Effect size
Pre-Test 16.58 2.08

Post-Test 34.95 )85 17.67 -21.14 0.00 .078

The table depicts the scores of experimental groups before and after the intervention of
experiment. The results of mean difference (17.67); t-value (21.14) and p-value (0.00)
indicate an obvious gain in the problem-solving skills of the experimental group.
Moreover, the value of effect size (.78) indicates a good power to the statistical analysis.
This indicates that the data is generalisable to the students' population of similar
characteristics

Both of the above tables indicate that the both experimental and control group
were showing significant gain after the intervention of the treatment. However, to find
out net-gain, a comparison of both (experimental and control) groups on post-test was
also determined.

Table 6
Scores of the Experimental and Control Group on Post-test
Group Mean SD Mean Diff  t-Value Sig. Effect size

Experimental Group  34.25 2.85

12.07 9.35 0.00 .068
Control Group 22.18 2.15

The table describes the comparison of post-test results of the both experimental and
control group. It was indicated that a significant mean difference of both groups on post-
test. Moreover, the mean value of the experimental group was clearly high than that of
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the control group. The mean difference value 12.07 was taken as the net gain of the
intervention. The effect size .68 indicated a medium strength to the statistical power
analysis. Which indicated that the difference is moderately applicable to the population.

As, the study was designed on sequential explanatory mixed method approach,
the next step was to explore the issues faced by the students during the intervention of the
treatment. For that purpose, interview protocol was used with the students of both groups.
The themes generated from the interviews i.e., the AVR is found to be very interesting
for the students. However, the students needed a sufficient training session for the
intervention of the treatment. It could also be proved good for further advancement in the
field. It was also expressed by some students that, this AVR session would be more
useful in higher classes rather than secondary level.

Discussion

Findings of study indicated interesting results i.e., the comparison of experimental and
control group indicated insignificant mean difference which means that the both groups
were equal at initial qualification. After the intervention of computer simulation, results
were compared between both experimental and control groups. The results of post-tests
indicated a significant mean difference from pre-tests in experimental group. But the
results of control group also indicated significant mean difference on post-test than pre-
test results. To observe main gain scores, the post-test results of both groups were
compared. It indicated again significant mean difference in favour of experimental group.

Literature indicated mixed results on use of computer simulations i.e., the studies
made by Igbal et al. (2016), and Rehman et al. (2021) indicated positive outcomes from
the use of computer simulated environments. However, the contrary results also were
observed in the researches. Usually researchers who reached these findings, further
supposed that the virtual world cannot compete the genuine handling of instruments in
laboratory. Therefore, the students who got real-world experimentation scored better than
that of those who used simulated environments (Aftab Alam, 2017; Falode & Gambari,
2017; Potkonjak et al., 2021; Scheckler, 2003).But a supposition for this difference can
also be stated as, the present study was not meant for the academic performance, rather it
was meant for the problem-solving skills in science experimentations. Meta-analysis
made by Azizah and Aloysius (2021) also indicated that the problem-solving skills are
raised by the use of repeated manipulation of simulated environments. Thus, many
researchers even supported the fact that the virtual laboratories can become a good asset
for school curricula in the present era of technological revolution (Almugbil, 2020;
Caratachea, 2021; Papaconstantinou et al., 2020).
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Further probe into the matter was made by qualitative phase of study, which
indicated that students raised the students’ interest towards use of the simulated
environments. But they had to face various challenges while learning computer simulations.
They also were of the point, that the virtual world cannot replace real-world altogether.
These findings were further discussed in the study made by Ngoyi (2013) where he asserted
that in spite of challenges associated with the virtual laboratories, their benefits are more
precious than that of the challenges. Researchers further asserted that the challenges can be
overcome by various ways. Angel-Urdinola et al. (2021) asserted that the technology
otherwise would remain inaccessible to the students, if not used via AVR or VR. Therefore,
there is need to overcome challenges with its use instead of avoiding that. VR training
trends as part of professional development of teachers, can be a right way towards and
efficient instruction to develop students' technical, practical and socio-economical skills as
well to enhance its generalisability. Similarly, Shin (2021) asserted that measures adopted
to change teachers' behaviours towards empathy, collaboration can be helpful to overcome
issues arising during VR class such as difficulty level, learning speed etc. Sundblad (2018)
overviewed that work on VR programming, can be helpful in making it easier and user
friendly. (Trentsios et al., (2020) concluded that the issues of control and immersive
sickness created with the HTC Vive system and Head Mounted Display (HMD, VR
glasses), can be overcome by using alternative ways such as WebGL (Web Graphic
Library) applications. The access to 3D atmosphere in web browsers (such as LabVIEW) in
this way leads to the direct integration of student with the e-learning environment.

Conclusions

The findings and discussion of the study, led to conclude that the virtual reality can be a
good but not best alternate for the physical laboratories. However, they are more
preferrable to stimulate problem solving skills among the students. The issues faced by
students for learning computer simulation programs, can be resolved easily by competent
teachers and staff development in this regard. Single computer lab, can become a science
lab for the students as well.

Recommendations

1. For administration and students
e Incorporating the AVR in science teaching especially in Biology course.
o Getting different forms of non-immersive or semi-immersive AVR in the
Biology labs, and mobile apps.

2. For future researchers
e Using experiments with different varieties of AVR to check its further feasibility.
e Making a replication study on demographic differences to determine widened
generalizability of the study findings.
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