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Comparative Study between Computer Simulated and Hands-on

Physics11 (Electricity and Magnetism) Experiments

Abstract

A major research domain in physics education is focused on studying the effects of
various types of teaching interventions aiming to help student’s alternative conception
transformation. The purpose of this study was to compare the changes of conceptual
understanding of Physics 11 (electricity and magnetism) laboratory in Computer
simulated laboratory application (CSL) and Hands-on laboratory application (HLE) in the
University of Science and Technology of Southern Philippines (USTP), formerly
Mindanao University of Science and Technology (MUST). In this study, a total of 194
students were randomly selected. Two parameters were set for this study: (1) gender of
the respondent; and (2) college the respondents were enrolled. The result presented that
CSL with 54% was the most preferred applications as alternative instructional tool in
understanding the concepts of physics. Sparingly, about 46% of the surveyed respondents
tavored HLE. However, no apparent differences appeared with respect to the questions
on the conceptual understanding learning objectives. Overall, there was no significant
difference between CSL and HLE regardless of the gender ( p=0.81, p=0.90, and p=0.90).
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1. Introduction

Effective use of laboratory can help the students in manipulative skills, gain
necessary experience, share information and ideas, and turned theoretical knowledge
into practical knowledge [1]. Hands-on laboratory helps the students to develop problem
solving and critical thinking skills. Exposure to materials and equipment in a laboratory
setting similarly may enhance learning. It is important that students have a contact in
laboratory apparatuses and materials, improving problem solving ability.

Several studies showed that hands-on activities help students to outperform
students who follow traditional, text-based programs [2] [3] [4] [5] [6] [7] [8] to enhance
their understanding and replace their misconceptions with the scientific ones [9] to
develop attitudes toward science positively [10] [11] [12] [13] [14] and to encourage their
creativity in problem solving, promote student independence, improves skills such as
specifically reading, arithmetic computation, and communication [6] [15]. The reference
[16] emphasizes that children learn better when they can touch, feel, measure, manipulate,
drawing, making charts, record data and when they find answers for themselves rather
than being given the answer in a textbook or lecture.

While laboratory application may enhance learning, several factors may restrict
effective use of laboratory applications. This may include the lack of effective and
sufficient teaching materials [17], lack of attention to safety in laboratory conditions [18],
crowded classrooms [19], insufficient background about the topic [20], and using
justification activities in the laboratory instruction [21]. Owing to identified gaps, this
study was conducted primarily to introduce computer simulated laboratory (CSL) and
compare the latter hands-on laboratory (HLE) in Physics 11 (electricity and magnetism).

The CSL application have the potential to likely increase the chance to conduct
experiment virtually comparable to hands-on laboratory environment [22]. The CSL
application can lessen the costs associated with classroom, buying laboratory apparatuses,

and laboratory spaces. Further CSL may allow students to (i) systematically explore
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hypothetical situations; (ii) interact with a simplified version of a process; (iii) practice
tasks and solve problems in a realistic environment [23]. However, the extent of its
functionality over HLE was not tested in the field of Physics.
The main objective of this study was to incorporate CSL in conducting the Physics

11 (electricity and magnetism) laboratory experiments in the University of Science and
Technology of Southern Philippines (USTP) formerly Mindanao University of Science
and Technology (MUST) and compare with the HLE application. This was done by
comparing students’ responses by gender and college.
2.Materials and Methods
2.1 Research Design

This study focused on which of the two laboratory models was preferable to use
during Physics 11 laboratory experiments in USTP formerly MUST. A categorical
questionnaire regarding the study was administered to students enrolled in Physics11,
academic year 2016-2017. Two parameters were set for this study: (1) gender of the
respondent and (2) college/department to where the respondents were enrolled.
2.2 Conceptual Framework

Computers can supplement large lectures by acquiring data and display those data in
real-time [24]. Despite the advantage of computer assisted learning, its application locally
in Physics 11 experiments was not evaluated. The study was conducted in USTP-
Department of Physics. The respondents were students enrolled in Physics 11 of the 15
semester academic year 2016-2017. The respondents came from the former three colleges,
of USTP namely, College of Arts and Sciences (CAS), College of Engineering and
Architecture (CEA) and College of Information Technology (CIIT). The College of Policy
Studies and Education Management was not included owing to lack of respondents. Two
laboratory models were introduced in this study the CSL and the HLE. Figure 1 presents

the variables in this study.
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Independent Variables Dependent Variables
1. Gender Preferred laboratory on Physics
1.1 Male 11 Electricity and Magnetism
1.2 Female
2. College :> 1. Computer Simulated
2.1 College of Arts. and $c1ence Laboratory (CSL)
2.2 College of Engineering and
Architecture 2. Hands on Laboratory
2.3 College of Industrial and Experiment (HLE)

Information Technology

Figure 1. Schematic Diagram of the Conceptual Framework

2.3 Hypotheses
This research was conducted in USTP campus during the first semester of S.Y.
2016-2017. The following null hypotheses were formulated and tested at p=0.05:
1. There is no significant difference between computer simulated laboratory and
hands-on laboratory on each colleges: CAS, CEA, and CIIT
2. There is no significant difference between computer simulated laboratory and
hands-on laboratory according to gender.
2.4 Respondents
A total of 390 students were enrolled in Physics 11 in the first semester of academic
year 2016-2017. A total of 194 students were selected as respondents following the
Slovin’s formula. The samples were composed of students from three colleges: College
of Engineering and Architecture (CEA), College of Arts of Sciences (CAS), and College of

Industrial and Information Technology (CIIT).
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Table 1. Demographics of the students

College Course Gender No. Of
Respondents
CAS BS Applied Mathematics | Male 17-18 12
Female 17-20 12
BS Applied Physical Male 17-18 6
Sciences Female 17-18 10
Male 18 1
BS Chemistry Female 17-18 10
BS Environmental Male 17-19 12
Science and Technology | Female 17-18 12
CEA BS Mechanical Engineer | Male 17-19 27
Female 17-19 26
CIIT BS Information Male 17-20 28
Technology Female 17-18 29

2.5 Survey questionnaire and conduct of survey

The survey questionnaires had two parts. (1) requiring the students to select
which laboratory tool they prefer (CSL and HLE), and (2) five questions to assess the
preferred laboratory tool. The questions had five choices: 1. Totally agree, 2.Agree,
3.Totally disagree, 4.Disagree, and 5.Do not know.
2.7 Data Analyses

Survey questionnaires were given to 194 respondents to acquire sufficient data
in this study. Responses from the collected data were statistically interpreted using the

Two-Way ANOVA. Tables and graphs were used to illustrate the results of the study.
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3. Results and Discussion
3.10verall students’ perception on computer simulated laboratory (CSL) and hands-on
laboratory experiment (HLE)

Respondents from CAS preferred the HLE compared to CSL (refer Table 1). By
doing the hands-on laboratory experiment, students can develop critical observation,
interpretation, assessment and practical problem which support the learning of theory.
Further, respondents from CEA preferred CSL (refer Table 2-4). The CSL application had
the potential of giving a chance to carry out the experiment virtually [22]. Likewise,
student respondents from CIIT preferred the CSL than HLE (refer Table 4). Respondents
chose this application owing to convenience of accessing technology, without requiring

all the teaching materials or the apparatuses [17].

Table 2. CAS student’s response on HLE and CSL survey questionnaire

Questions/Statements

Obtain accurate data 10 29 4 1 0 11 25 1 1 2
Easy to use/access 15 27 1 2 0 5 19 1 0 2
Using this is time consuming 15 22 5 2 1 18 12 9 13 2
Easily understand concept 15 26 2 1 0 14 22 2 0 2
Acquire sufficient knowledge 21 21 2 0 0 14 20 1 0 4
in physics

HLE: Hands-on Laboratory experiment; CSL: Computer Simulated Laboratory; TA:

Totally Agree; A: Agree; TD: Totally Disagree; D: Disagree; DK: Don’t Know
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Table 3. CEA student's response on HLE and CSL survey questionnaire

Questions/Statements

Obtain accurate data 7 10 4 4 4 12 8 0 0 8
Easy to use/access 7 13 1 4 0 14 1 1 0 1
Using this is time consuming 10 8 5 7 0 13 6 9 5 4
Easily understand concept 8 2 2 2 1 12 8 11 0 5
Acquire sufficient knowledge 10 13 2 2 2 0 11 13 0 0
in physics

HLE: Hands-on Laboratory experiment; CSL: Computer Simulated Laboratory; TA:

Totally Agree; A: Agree; TD: Totally Disagree; D: Disagree; DK: Don’t Know

Table 4. CIIT student's response on HLE and CSL survey questionnaire

Questions/Statements

Obtain accurate data 8 7 2 2 0 13 13 3 1 9
Easy to use/access 5 9 2 2 1 12 17 3 11 5
Using this is time consuming 8 3 3 1 17 9 7 3 7 12
Easily understand concept 7 8 3 1 0 11 17 1 3 8
Acquire sufficient knowledge 8 8 3 0 0 12 15 3 1 8

in physics

HLE: Hands-on Laboratory experiment; CSL: Computer Simulated Laboratory; TA:
Totally Agree; A: Agree; TD: Totally Disagree; D: Disagree; DK: Don’t Know

Overall, CSL was the preferred laboratory method by student respondents in all
surveyed colleges despite being unavailable (see Figure 2). About 54 % of the students
preferred the CSL whereas 46% students preferred HLE (Figure 3). The students from

CAS and CEA had relatively comparable response towards laboratory preference (either
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CSL or HLE). Distinctively, students from CIIT preferred the CSL than HLE. Studies in
the past similarly showed a comparable effectiveness between virtual laboratory and the
traditional hands-on physics laboratory [25], suggesting homogeneity of students’

response.
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Figure 2. Percentage of each colleges preferred laboratory experiment tool
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Figure 3. Over all calculated percentage between HLE and CSL preferred by the
student’s from CAS, CEA and CIIT.
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3.2 Preference of students based on gender

Table 5 presents summary of results for statistical test. ANOVA showed p>0.05
indicating no significant difference between gender with regards to laboratory tool
preference. Likewise, it can be extrapolated that gender had no significant effect on the
students’ preference on laboratory tools (e.g. CSL and HLE). Previous studies revealed
disproportionate gender gaps having male students outperforming female students in
physics [26] [27]. Present findings however were considerable disagreeing with previous

studies possibly as a consequence of perception analysis.

Table 5. ANOVA results on the performance of students tested at p=0.05

Source of Variation P-value F-critical Decision

Gender 0.811038 5.317655 Accepted
Perception 0.904711 5.317655 Accepted
Gender x Perception 0.904711 5.317655 Accepted

3.3 Preference of students by college

Results in Table 6 showed no significant difference among students responses by
college (p>0.05). This indicates that regardless of the college the students may belong,
they had the same preference on utilizing physics laboratory tools. This was evidenced
by the preference on CSL than HLE (section 3.1). Study in the past similarly indicates no
significant difference on the conceptual understanding between simulated vs. hands-on
activity [28]. This further suggests that regardless of the variables considered, both CSL
and HLE may not differ.
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Table 6. Summary of ANOVA results by college

College Source of Variation P-value F-critical Decision

College 0.379456 4.084746 Accepted

CAS Perception 0.104511 2.605975 Accepted
College x Perception 0.103409 2.605975 Accepted

College 0.208676 4.084746 Accepted

CEA Perception 0.204741 2.605975 Accepted
College x Perception 0.256369 2.605975 Accepted

College 0.208676 4.084746 Accepted

CIT Perception 0.204741 2.605975 Accepted
College x Perception 0.256369 2.605975 Accepted

4. Conclusion

Overall, no apparent differences appeared with respect to the questions on the
conceptual understanding learning objectives; thus, it may be that computer simulated
laboratory offer an equivalent laboratory experience to hands on laboratory experiment.
More studies with larger sample sizes and perhaps tests measuring mastery of material
as opposed to subjective self-reported experiences would be useful in establishing the
effectiveness of computer simulated laboratory with respect to conceptual understanding.
Although the three colleges preferred CSL as the laboratory model, the extent of CSL
functionality was not tested in the field of Physics and is not yet available locally. This
research was done to introduce the CSL method in the field of Physics, since the
contribution of this method is both beneficial to the students and instructors. Overall,
regardless of the student’s factors evaluated there was no significant difference between
CSL and HLE among the three former colleges of USTP (CAS, CEA and CIIT) and

between genders.
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