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Abstract. This action research aims to improve students’ written communication
skills in the aspect of information and data representation skills (IDRS) in Basic
Physics Courses through learning using virtual lab-based video tutorials. The
research subjects consisted of 26 students of the Science Education Study Program
who took the 2020/2021 Basic Physics Course. The research instrument was in
the form of a test sheet for IDRS. The impact of treatment is described through the
average test score and the level of effectiveness of using virtual lab-based video
tutorials. Based on the pretest and posttest scores, it is known that the students’
average N-gain IDRS is in the medium category in the cycle 1, and the high
category in the cycles 2 and 3. The number of students who achieved the high
category in the cycle 3 has reached more than 75%. Based on the results of the
study, it can be concluded that learning physics using video tutorials based on
virtual labs has a high effectiveness in increasing students’ IDRS.

Keywords: Written Communication · Learning Physics · Virtual Lab · Video
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1 Introduction

Today’s learning should be directed to encourage students to master transferable skills
[1]; use of ICT technology in concept finding activities;mastery of technological literacy,
digital literacy and human literacy. Technological literacy in the form of the ability to
operate and utilize technology wisely, digital literacy in the form of the ability to read,
analyze, use and develop digital information appropriately; and human literacy in the
form of the ability to communicate and collaborate in a globalized world [2].
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Physics learning is an important part of science education which has the potential to
train written communication skills [3]. This potential is important to explore considering
that the purpose of learning physics emphasizes the mastery of written communication
skills in every procedure of the science dimension [4]. The dimensions of science include
(1) the dimensions of knowledge and understanding, and (2) the dimensions of exca-
vation and discovery [5]. For example in the dimensions of excavation and discovery,
when students conduct investigations to reveal the relationship between measurement
variables, students are required to be able to organize the data obtained in the form of
tables, charts, curves, graphs, pictures or other forms of representation [6, 7]. Organizing
the data aims to make it easier to interpret the relationship between variables quickly
and precisely. Based on this example, it appears that learning physics has great potential
in providing written communication skills [8].

One of the potential physics learning activities in providing written communica-
tion skills is excavation and discovery activities through laboratory activities [7]. Mea-
surement and observation activities are important representations of the dimensions of
science that cannot be separated from learning physics. Some of the benefits of mea-
surement and observation activities according to several research results are that they
can build understanding of concepts and science process skills [9], develop basic skills
of experimenting [10]; as a way to confront students’ preconceptions [11, 12], and train
students to find relationships between physical variables [13]. These benefits can be
achieved if students have good abilities in representing various information and data
obtained from the measurement and observation activities they have done.

Although measurement and observation activities can provide various benefits in
learning physics, in reality they still have many limitations, such as the infrequent imple-
mentation of laboratory activities [14]; a long time span between concept delivery and
concept verification through laboratory activities, causing students’ understanding of
concepts to be incomplete; laboratory activities have not been integrated into the learning
process in the classroom to find and build concepts [13]; and the purpose of lab activities
is generally still directed at mastering certain material concepts, not yet directed to equip
important skills such as collaboration skills and scientific communication skills [15].

Several recommendations can be chosen to increase the benefits of measurement and
observation activities, namely: (1) the limitations of lab equipment can be overcome by
using a virtual lab (virtual practicum) [16], ( 2) measurement and observation activities
must be integrated into the learning process in class to build (construct) physics concepts,
not just to verify the correctness of the concepts that have been conveyed previously, (3)
Lab activity guides are equippedwith demonstration videos of measurement procedures,
data analysis, and other additional explanations so that measurement and observation
activities can run effectively [6], (4) The purpose of lab activities should also be directed
to equip other important skills such as collaboration skills and written communication
skills and the manual used must contain indicators of the skills to be provided [15].

Projectile motion, simple pendulum, and dynamic electricity are potential basic
physics materials to practice written communication skills. Mastery of this concept
will be the basis for mastering other physics concepts. Basic physics courses require stu-
dents to be able to build, understand and verify basic physics concepts through various
excavation and discovery activities (measurements and observations), both macroscopic
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concepts and microscopic or abstract concepts. The skill of representing information
and data in various forms of representation is a basic soft skill of written communica-
tion skills that must be possessed so that students are able to construct and reconstruct
their knowledge in every excavation and discovery activity [17–19]. In addition, in this
course students are required to be able to use a variety of learning media and ICT-based
technology that can make it easier for them to build and understand physics concepts,
especially abstract or microscopic concepts. One of the learning objectives that must be
achieved by students in thematerial of projectile motion, simple pendulum, and dynamic
electricity through scientific investigations is that students are able to correctly determine
the relationship between several physical variables contained in Eqs. (1), (2) and (3).

x = v20

(
sinsin2θ

g

)
(1)

T = 2π

√
L

g
(2)

V = V1 + V2 + V3 = IR1 + IR2 + IR3 (3)

Equation (1) shows the relationship between the variables of the farthest reach of the
projectile on the horizontal axis (x) with the initial velocity (v0), angle of elevation (θ )
and the constant of gravity (g) where the experiment was carried out. Equation (2) shows
the relationship between the variable period of the pendulum swing (T ) with the length of
the pendulum string (L) and the constant of gravity (g) where the experiment was carried
out. At a small swing angle and without air resistance, the pendulum swing period is
obtained that is not affected by the pendulum mass. Equation (3) shows the relationship
between the variable voltage (V ) with electric current (I) and electrical resistance (R) in
a series circuit.

There is a physics learning strategy that can summarize the various recommendations
that have been stated previously, namely through learning using virtual lab-based video
tutorials. Physics tutorial videos show observation and measurement procedures that are
equipped with explanations in the form of audio narration (voice), dynamic text and
images. The media used in the measurement and observation activities are interactive
computer simulations to visualize abstract phenomena that are impossible to observe in
a real laboratory [20]. At the end of the video tutorial presentation, students are asked to
take measurements and re-observe with different data using a virtual lab-based student
worksheet.

2 Method

This action researchwas conducted in three learning cycles. The physics concepts studied
were projectile motion (cycle 1), simple pendulum (cycle 2), and dynamic electricity
(cycle 3). In the implementation of learning, students actively listen to the material and
measurement activities described and demonstrated in the video tutorial, then they are
asked to take measurements and re-observe using different data. Student activities are
guided by student worksheets.
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Table 1. IDRS Pretest and Posttest Scores

Cycle 1 Cycle 2 Cycle 3

Pretest Posttest Pretest Posttest Pretest Posttest

Mean 31.79 61.35 31.03 82.44 31.79 84.62

Average N-Gain 0.61 0.75 0.78

CLC (%) 0 69.23 0 84.62 0 88.46

CA (%) 32.76 74.10 31.03 82.44 31.79 84.62

This research involved 26 students (4 boys and 22 girls, age range 19–20 years) in
the Science Education Study Program at Universitas Bengkulu Indonesia who took basic
physics courses in the odd semester of the 2020/2021AcademicYear. Themain datawere
collected through the pretest and posttest of information and data representation skills
(IDRS) in each learning cycle. Pretest and posttest are given before and after students
take part in learning, containing essay questions that represent IDRS indicators. The test
result data is used to determine the level of effectiveness of using virtual lab-based video
tutorials in improving students’ IDRS.

The level of effectiveness of implementing virtual lab-based video tutorials in
improving students’ IDRS is determined by calculating the percentage of students who
have reached the high N-gain category in each learning cycle. The effectiveness of learn-
ing is called high if the number of students who reach the high N-gain category reaches
75%, it is called to be moderate if the number of students who reach the high N-gain
category is in the range of 50%. - 75%, and is called to be low if the number of students
who reach the high N-gain category is less than 50% [21].

3 Result and Discussion

3.1 Result

Before and after participating in basic physics learning activities using virtual lab-based
video tutorials, students are given a pretest and posttest to determine the achievement of
increasing the IDRS score (N-gain). The mean scores of pretest, posttest, and Classical
Learning Completeness (CLC), and Classical Absorption (CA) concepts of projectile
motion (cycle 1), simple pendulum (cycle 2), and dynamic electricity (cycle 3) obtained
by students are shown in Table 1.

There are three IDRS indicators that are trained through learning using video tutorials
based on virtual labs, namely the skills to represent measurement data in the form of
graphs and tables (IDRS-1), skills to represent measurement data in verbal form (IDRS-
2), and skills to represent graphs and tables into verbal form (IDRS-3) [3]. Student scores
on each IDRS indicator are shown in Table 2.

The effectiveness of the implementation of learning using video tutorials based on
virtual labs in increasing student IDRS is determined by calculating the percentage of
students who have reached the high N-gain category. The data on the percentage of
students with the N-gain IDRS category in all learning cycles is shown in Table 3.
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Table 2. Score of Written Communication Skills (WCS) per Indicator of Each Learning Cycle

WCS Score Cycle-1 Cycle-2 Cycle-3 Average

WCS-1 Pretest 26.92 25.00 25.00 31.19

Posttest 64.62 73.85 75.00 61.35

N-gain 0.51 0.64 0.66 0.61

WCS-2 Pretest 25.00 39.23 28.85 31.03

Posttest 73.85 90.00 83.46 82.44

N-gain 0.64 0.84 0.78 0.75

WCS-3 Pretest 25.00 40.38 30.00 31.79

Posttest 75.00 93.85 85.00 84.62

N-gain 0.66 0.89 0.79 0.75

Table 3. Number of Students in Each N-gain IDRS Category

Learning Cycles High (%) Medium (%) Low (%)

Cycle 1 53,85 38,46 7,69

Cycle 2 80,77 15,38 3,85

Cycle 3 84,62 15,38 0

3.2 Discussions

Video tutorials based on virtual labs used in learning basic physics contain audio nar-
ration, text, and images that are supported by the presence of interactive physics sim-
ulations. Physics simulation is used to demonstrate the relationship between variables
through measurement activities that will lead students to understanding the concepts
or theories being studied. Data from measurements and observations on demonstration
activities are used to build important concepts. For example, a demonstration related to
a projectile fired from a cannon with varying angles of elevation. In this activity, data
obtained from the relationship between the angle of elevation (θ ) and the maximum
horizontal range (x) that the projectile can reach. The data is then organized into a table
of experimental results showing the relationship between variables, control variables,
independent variables, and dependent variables (measurement results variables). Based
on the table it can be seen that at a certain elevation angle will produce the maximum
horizontal range distance. Furthermore, students are invited to study the concept of
projectile motion until a physical equation is obtained that represents the relationship
between the variables of the elevation angle and the range of the projectile. Students
are also invited to verify the data from the demonstration carried out with the physical
equations that have been obtained.

At the end of the lesson, after watching the video tutorial, students were asked to take
measurements and re-observe using different initial data. Student activities are guided
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Fig. 1. IDRS Average Score

by student worksheets based on virtual labs that have been prepared. The worksheets
has been designed to train and provide skills indicators to represent information and data
from measurements and observations. Learning strategies that have been applied have
been proven to improve skills in representing information and data. The virtual lab in the
video tutorial acts as a medium to visualize abstract concepts so that they become more
real so that they can be understood by students. The posttest data showed an increase in
the score from 74.10 in the initial cycle to 84.62 in the final cycle. The comparison of
the average IDRS scores in each cycle is shown in Fig. 1.

The increase in the average IDRS score as shown in Fig. 1 is also followed by
an increase in classical learning completeness in each cycle, which is 69.23% on the
concept of projectile motion, 84.62% on the concept of Newton’s Law, and 88.46% on
the concept of a simple pendulum. Although the absorption of students has not reached
100%, the absorption in the final cycle has reached the high category.

Based on IDRS score data before and after the implementation of virtual lab-based
video tutorials, it is known that there is a significant increase in the pretest mean score,
from the range of 31 – 33 to 74 – 85 in the posttest. The data in Table 2 shows that the
average N-gain cycle 1 is in the range of 0.30 – 0.70 in the medium category, the N-gain
cycle 2 is in the range 0.70–1.00 with the high category, and the N-gain cycle 3 is in
the range of 0.70–1.00 with the high category. The average N-gain score has increased
in each cycle. The increase in the average N-gain was followed by an increase in the
number of students who achieved the highN-gain category in each cycle. The percentage
of students who are in the High N-gain category is shown in Fig. 2.

The percentage of students who reach the high N-gain category is used to determine
the level of learning effectiveness in improving students’ IDRS. Based on Graph 2, it can
be seen that the effectiveness of learning is in the Medium category, in cycle II (simple
pendulumconcept) it is in the high category, and in cycle III (dynamic electricity concept)
it is in the high category in increasing the achievement of the three IDRS indicators. The
effectiveness of the implementation of virtual lab-based video tutorials that have not
been maximized in cycle 1 is because students are not used to taking lessons using
virtual lab-based tutorial videos.

Learning physics using video tutorials based on virtual labs can enable students
to understand measurement and observation procedures in order to build and discover
concepts. Students then carry out these work procedures using new quantities to improve
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Fig. 2. Number of Students with High N-gain Category

understanding of concepts through direct activities. Furthermore, students are involved
in the activity of representing the data from measurements and observations in various
forms of appropriate representation to facilitate the data analysis process so that it can
produce the right conclusions.

Another advantage of learning physics with the aid of video tutorials based on virtual
labs is the presence of virtual lab software that can display abstract and microscopic
phenomena that are impossible to observe through real equipment in the laboratory
[20]. Computer simulations allow students to manipulate various variables quickly and
safely so that they can explore and find patterns of relationships between variables [22].
In addition, the use of virtual labs in learning can provide time and cost efficiency; have
the ability to visualize abstract and microscopic concepts; improve understanding of
concepts, equip thinking and reasoning skills, can be learned anywhere and anytime that
is not bound by place and time, avoids the risk of work accidents, supports independent
learning, provides effective learning experiences; and provide feedback quickly on the
given stimulus [11]. Especially during the Covid-19 pandemic, as it is today, physics
learning assisted by video tutorial media based on virtual labs is very possible to be done
online (distance learning) by utilizing existing social media such as YouTube, website,
WhatsApp, Microsoft Teams, zoom, and others.

4 Conclusion

Based on the data and discussion, it can be concluded that the use of virtual lab-based
video tutorials in basic physics learning has a high effectiveness in improving students’
written communication skills in the aspect of information and data representation skills
(IDRS). Based on students’ IDRS scores, the IDRS indicators from the easiest to the
most difficult for students to master are the skills to represent measurement data in the
form of graphs and tables, the skills to represent measurement data in verbal form, and
the skills to represent graphs and tables in verbal form.
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