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ABSTRACT

Access to adequate resources in the form of physical laboratory facilities and consumables has continually been a major challenge
to the success of students in physics, especially in developing countries This study was carried out to investigate the effect of the
virtual laboratory on the conceptual understanding of thermal physics among undergraduates. To achieve this, three research
questions and one hypothesis were raised. The quasi-experimental design using the pretest-posttest control group design was
employed in the study. The sample size for this study was made up of 120 first-year undergraduate students selected based on a
multistage sampling technique from students in the faculties of education, science, and engineering, who registered for the thermal
physics (Phy 104) course in Nigeria. The Thermal Concept Questionnaire (TCQ) was adopted as the research instrument for the study.
The data were analyzed using the SPSS package. Findings emanating from the study showed that the mean scores of students taught
with virtual laboratory were higher than those taught with the conventional laboratory method. However, there was no significant
difference in the mean scores. The virtual laboratory method could be recommended as a suitable alternative to the conventional
laboratory method.
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1. Introduction

With the unprecedented increase in the level of scientific and technological development [1], the
need to prepare future-ready graduates who will man the future workplace continues to be strong for
universities and other tertiary institutions [2]. Science and engineering education provide the
foundation for achieving this [3], hence, the increased focus on STEM learning at the pre-tertiary level
and sound science and engineering education at the tertiary level. Physics is one of the main science
subjects required for understanding the complexities of modern technology [4], it also forms the
foundation for the understanding of many practical applications and ideas in other areas of science,
hence the need for students of science and engineering to be well-grounded in physics.
Undergraduate introductory physics is thus a prerequisite for all courses within sciences, applied
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sciences, and engineering in the university to provide a solid foundation for the understanding of more
complex related concepts.

Despite the importance of physics, research continually shows that student performance remains
unimpressive, and pre-tertiary and tertiary physics education continues to show high rates of dropout
and low enrolment [3,5]. Among the reasons put forward to explain this, are poor pedagogy, especially
traditional, teacher-centered approaches to instruction, the challenge of understanding abstract
concepts, and making the connection between theory and practical [3]. This results in poor conceptual
understanding among learners, leading to poor performance. Because conceptual understanding is
directly linked to instructional strategy [6], a direct link can be established between instructional
strategy and students' conceptual understanding of physics.

The implementation of active learning environments across science, technology, engineering, and
mathematics (STEM) fields has garnered attention from education researchers across the globe [7,8].
These studies have revealed the greater advantages of active learning strategies over traditional,
lecture-based pedagogies. In the arena of science and physics education, a variety of active learning
approaches have led to the reformation of introductory physics courses in colleges and universities
[9]. One such innovation is the use of a virtual laboratory in the teaching of physics practical.

According to Kodavasal, et al., [10], virtual practicals are computer simulations that contain
several instructions and procedures, data analysis, and presentations where students can carry out
several activities as in real laboratories. Gunawan et al., [11] described a virtual laboratory as a form
of interactive multimedia object to simulate laboratory experiments on a computer. They provide
simulated versions of traditional laboratories and support learner-centered learning approaches in
which the learner is provided with objects that are virtual representations of real objects used in
traditional laboratories [12]. Virtual laboratories may contribute to teaching and learning processes
by allowing students to learn by doing, providing them with intriguing and enjoyable activities, urging
them to discover, and guaranteeing an active classroom interaction utilizing discussions and debates
[13,14].

The field of thermal physics is one that the students interact with daily. Thermal physics deals with
concepts relating to heat and temperature, which are directly related to the physical environment of
a living organism [15]. It is prevalent in the science curriculum from elementary to graduate education
[16] and it is one area in which students' poor conceptual understanding has been noted. Heat and
temperature are not directly observable quantities, hence, concepts developed by students originate
from the interpretation of ideas gained from everyday experiences [17].

Related previous studies have established a direct link between instructional strategy and
learners’ conceptual understanding [6,18]. However, there are insufficient studies reporting university
students’ level of conceptual understanding, particularly in the field of thermal physics [17,18] and
especially in developing nations like Nigeria. Though several instructors and schools are already taking
advantage of these virtual tools, it is not clear how effective these virtual laboratories (VLs) are in
supporting conceptual understanding of physics at the university level when compared with
traditional laboratory learning environments. There is a scarcity of evidence-based reports and
empirical data related to measured student learning outcomes or achievement [19] concerning this.
Therefore, this study aims to investigate the comparative effects of virtual laboratories and traditional
laboratories on the conceptual understanding of undergraduate students in thermal physics.

1.2 Research Question

Specifically, this research aims to answer the following research questions:
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i)  What is the level of conceptual understanding of thermal physics of undergraduate students
when taught in the traditional laboratory?

ii) What is the level of conceptual understanding of thermal physics of undergraduate students
when taught in the virtual laboratory?

i) Is there a significant difference in the level of conceptual understanding of thermal physics of
undergraduate students between traditional laboratory and virtual laboratory?

1.3 Research Hypothesis
The research hypothesis is as follow:

“There is no significant difference in the level of conceptual understanding (CU) between
undergraduate students taught thermal physics using virtual laboratory (VL) and the ones taught
using traditional laboratory (TL).”

2. Methodology

The quasi-experimental design using the pretest-posttest control group design is employed in this
study. The population of this study consists of all the 2020/2021 session intake students of the
University of Abuja who take the introductory practical physics (Physics 104) course. The choice of
first-year undergraduate students is based on the fact that it is the foundation year for all students
across the sciences, mathematics, engineering, and applied sciences who are required to register for
the introductory Practical Physics (Phy 104) Course. The sample size for this study was 120 first-year
students selected based on a multistage sampling technique from students in the faculties of
education, science, and engineering, who registered for the thermal physics (Phy 104) course.

This study involved two different groups of participants; half (60 participants) in the traditional
laboratory group and the other half in the virtual laboratory group. Based on several factors, including
space for traditional laboratory activities in line with COVID-19 social distancing recommendations,
management of learners by the instructor-researcher, and availability of sufficient laboratory
equipment, 30 students at a time can be accommodated within the laboratory. This wiase matched
by the same number in the virtual lab sessions. For data collection, each group of 30 participants
underwent 3 laboratory sessions over the 5 weeks of the study.

The main instrument for obtaining data in this study was the Thermal Concept Questionnaire
(TCQ) developed by [20]. It features 20 multiple-choice questions (MCQ) items aimed at exploring
students' understanding of basic concepts of thermal physics. The items of the TCQ were adapted
from the Thermal Concept Evaluation instrument [21]. The TCQ has 15 items and respondents' sum
scores were analyzed. As the data was an interval scale and the assumption was made for defining
properties for the population, the data is considered parametric data [22].

The study data were analyzed by descriptive and inferential analyses. Descriptive analysis was
used to analyze the data of improvement in the level of conceptual understanding. The inferential
analysis was used to analyze any improvement in students’ conceptual understanding as a whole.
Before the data analysis was done, a test of the analysis prerequisite needed to be done. The purpose
of doing the analysis prerequisite test was to get information on whether the data would be analyzed
by using parametric or non-parametric statistics. The analysis prerequisite test done to the sample
data was the Kolmogorov-Smirnov normality test.
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The data resulting from the normality test were then analyzed to know the conclusion related to
the increase/improvement of students' conceptual understanding of thermal physics. The inferential
analysis used for this study was the paired t-test because the data were normally distributed.

3. Results and Discussion
Table 1 shows the mean scores of the students’ CU before and after the use of TL and the standard

deviation. The mean score increased from 47.02 to 57.73 which indicated an improvement of 10.71.
This implies that TL has a positive impact on the learning of thermal physics.

Table 1

Mean difference in CU before and after the use of TL
Test N Mean Std. Deviation
Ctr_PreTest 60 47.02 7.414
Ctr_Postest 60 57.73 7.220
Gain 60 10.71

Similarly, Table 2 also shows the descriptive statistical level of the mean score in conceptual
understanding of students taught physics through the virtual laboratory. The average mean value of
the pre-test score was 47.13 while the post-test was 60.12. this means there is a gain of an average of
12.99%. this implies that there is a positive relationship in the level of conceptual understanding of
thermal physics among undergraduate students learning through virtual laboratory.

Table 2

Descriptive statistics of difference in the level of CU using VL

Test N Mean Std. Deviation
Exp_PreTest 60 47.13 8.035
ExP_Postest 60 60.12 7.533
Valid N (listwise) 60 12.99

From Table 3, on average, the score of CU from VL (M=60.12, SD=7.53) performed better than that
of TL (M=57.73, SD=7.22). The difference (2.39) (95%) is statistically not significant at t (118)=1.769, p
>0.05 as shown in Table 4. Hence, the null hypothesis is accepted, i.e There is no significant difference
in the level of CU of the undergraduate students in learning thermal physics between TL and VL.

Table 3
Samples statistics on the level of difference in CU between VL and TL
Group N Mean Std. Deviation Std. Error Mean
CuU TL 60 57.7333 7.22019 93212
VL 60 60.1167 7.53318 .97253
Table 4
Independent Samples t-Test of the difference in CU between VL and TL
Levene's Test t-test for Equality of Means
for Equality
of Variances
F Sig. T Df  Sig. (2- Mean Std.  95% Confidence
tailed) Diff. Error Interval of the
Diff. Difference
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Lower Upper
CcuU Equal .284 .595 -1.769 118 .079 -2.38333 1.34710 -5.05095 .28428
variances
assumed
Equal -1.769 117. .079 -2.38333 1.34710 -5.05100 .28433
variances not 788
assumed

4. Discussion

The finding of this study revealed that the traditional laboratory improves students' conceptual
understanding of thermal physics. This is in line with some researchers who argue that working with
real equipment in traditional laboratories supports more information, such as more cues based on
perspectives from the theories of presence and media richness [23-25.

Findings also revealed that the use of virtual laboratories impacts positively the level of students'
conceptual understanding, this is in line with Muliyati et al., [26] who showed that the results of
students' conceptual understanding with virtual laboratories were better than with real experiments.
He explained that the higher conceptual understanding in the experimental group compared to the
control group was due to the ability of the virtual laboratory to provide simple explanations related to
the material and to bridge learning by showing simulations and animations related to the material so
that students found it easier to understand.

The study also revealed that there was no significant difference in the mean scores of students
taught through Virtual laboratories and those taught through the traditional laboratory. This is in
agreement with Tsihouridis et al., [27]. Their findings led to the conclusion that a combination of the
two approaches to teaching would decisively help students develop an investigative attitude related
to anything science, their cooperative abilities, and their ability to clearly and accurately articulate
essential queries.

5. Recommendations
Based on the findings and conclusion, several recommendations were made for future studies:

1. Combining Teaching Approaches: Future research could explore the integration of both traditional
and virtual laboratory methods to capitalize on their respective strengths in improving students'
understanding of thermal physics concepts.

2. Deeper Investigation: Researchers might consider conducting in-depth inquiries into the specific
aspects of traditional and virtual labs that contribute to students' comprehension. Utilizing qualitative
research methods could yield richer insights from educators and students.

3. Educator Training: Providing educators with pedagogical training to effectively utilize both
traditional and virtual lab resources could enhance their teaching practices. Workshops or
professional development programs focused on incorporating technology into science education
could be beneficial.

4. Enhancing Virtual Labs: Continued refinement of virtual lab platforms should prioritize intuitive
interfaces, clear explanations, and interactive simulations to optimize students' learning experiences.
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5. Long-Term Studies: Longitudinal research efforts could be undertaken to assess the lasting impacts
of traditional and virtual lab experiences on students' knowledge retention and attitudes towards
science.

6. Cross-Topic Comparisons: Future studies could compare the effectiveness of traditional and virtual
labs across different physics topics and other scientific disciplines to ascertain if the findings are
consistent across various subjects.

7. Inclusive Research: Ensuring the inclusion of diverse student populations in future studies would
enable a more comprehensive evaluation of the effectiveness of traditional and virtual labs for
students with varied backgrounds and learning preferences.

Addressing these suggestions in future studies can contribute significantly to our understanding
of how traditional and virtual labs can be optimally utilized to enhance students' understanding of
thermal physics and other scientific concepts.

6. Conclusion

Based on the discussion of findings, it can be concluded that both traditional laboratory and virtual
laboratory approaches positively impact students' conceptual understanding of thermal physics.
While traditional laboratories provide more cues and sensory experiences, virtual laboratories offer
simplicity in explanations and facilitate learning through simulations and animations. However, the
study found no significant difference in mean scores between students taught via virtual laboratories
and those taught via traditional laboratories. Therefore, a combination of both approaches could
enhance students' investigative attitude, cooperative abilities, and their ability to articulate essential
gueries in science education.
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