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ABSTRACT

This study aimed to analyze the application of performance and peer assessment to students' scientific work
through a STEM-based virtual laboratory learning. The research design was used the One Group Pretest-
Posttest and One-Shot Case Study. The research was carried out from July to September 2020 at Chemistry
Education Department, one of the universities in Indonesia. The research subjects were chemistry education
students for the 2018/2019 Academic Year with a purposive sampling technique. The research data was taken
from the performance assessment observation sheet given before and after the laboratory practice learning
process and the peer assessment questionnaire. The data listed on the observation sheet and questionnaire
are then calculated for the percentage. Based on research results, it can be concluded that the implementation
of performance and peer assessment of students' scientific work through STEM-based virtual laboratory
learning are very competent criteria at 86% and competent at 84%. The results of the paired sample t-test of
students' scientific work abilities assessed using the performance assessment have a Sig. (2- tailed) the value
below 0.05, which is 0.000, where there is a difference in the average results of initial and final observations
using performance assessment through STEM-based virtual laboratory learning. One sample t-test of students'
scientific work abilities assessed using performance and peer assessment has Sig. (2- tailed) values of 0.011
and 0.002 indicate that the mean score of students’ scientific work is 75.
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1. INTRODUCTION However, access to educational pages is still
very lacking. A problem that needs to be
addressed by educators is directing students
to use internet more in the world of education
(Adam, 2015).

The use of internet today has become an
integral part of the modern society lifestyle.
The survey which conducted by the APJ//
(Asosiasi  Penyelenggara Jasa  Internet
Indonesia / Indonesian Internet Service
Providers Association) in 2016 showed that
varsity students are the largest internet user in
Indonesia with 89.7%, and the second is junior
and senior high school students with 69.8%.

One of the constraints is student lack ability to
educational literacy culture. Most of them only
make educational literacy to fulfillment of
lecture assignments, not because the
necessary and interests of each individual (Sari
& Pujiono, 2017). This will greatly affect the
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quality of graduates’ students. Awareness of
literacy culture should be instilled from the
start, especially in terms of laboratory
concepts.

Laboratory is a place of observation,
experimentation, practice and testing of
knowledge and technology concepts. During
the current pandemic, face-to-face laboratory
learning is very difficult. While, lecturer must
continue to carry out the learning and
assessment process. Therefore, the concept of
laboratory can be used virtually as an effort to
continue to apply the culture of educational
literacy.

Virtual class, which is better known as e-
learning, is a form of internet use that can
increase the role of students in the learning
process. The use of virtual classes has now
become interesting for many users, especially
educators who almost entirely already use
android-based smartphones. According to
Sabekti & Andriani (2019), the use of e-
learning has a role to complement
conventional classes (face-to-face) which are
conducted online, instead of replacing
conventional classes. According to Jaya (2012)
the application of virtual laboratories is an
electronic learning process using computer
simulations so that users can conduct
experiments and simulate activities in the
laboratory as if the user were in the actual
laboratory. In addition, students can explain a
concept based on experiments conducted
online. Virtual laboratory also is a learning
medium that is quite effective for students to
understand scientific methods by conducting
experiments.

Yuniarti et al. (2012) also revealed that virtual
laboratories are simulations using computer
devices such as conducting actual practice to
improve understanding of concept studied as
an introduction to practice and enrichment
concepts. In addition, based on the results of
preliminary research conducted by August et
al. (2011), states that the learning presented
through the integration of virtual concepts
and science, technology, engineering and
mathematics (STEM) makes the learning
atmosphere more attractive and makes
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students  socially oriented to their
environment. This is expected to significantly
improve practicum activities that are less
helpful in building STEM skills.

From this explanantion, it can be concluded
that STEM-based virtual laboratory is
simulation of learning using computer
technology that describes the simulation
techniques of practicum activities in the
laboratory as if real and integrated with the
concept of science and the calculations in it.
As a learning media product, STEM-based
virtual laboratories provide opportunities for
students to conduct experiments
independently with or without internet access.
To determine students’ performance in the
laboratory after the STEM-based virtual
laboratory learning process, performance
techniques and peer assessment are one of
the tools that can be used. This assessment not
only can be used to assess learning outcomes
or products, but also can reveal the scientific
attitudes of learners. This scientific attitude
includes curiosity, love of truth, respect for
facts, and respect for the need for
communication in science (Singh & Mishra,
2014). This assessment can measure students'’
knowledge, reasoning, skills, products, and
also compound intelligence. Although during
this pandemic conditions lecturers find
difficulties to assess practicum activities face-
to-face, through STEM-based virtual
laboratory learning, assessments can still be
carried out.

Legimin in Suryaningsih (2017) defines
practicum as a learning method that plays a
role in clarifying concepts through direct
natural events, which supports and trains
problem solving, applies knowledge and skills
through situations at hand, trains in designing
experiments, interpreting data, and training
scientific work.

According to Hidayat (2018) and Kollar &
Fischer (2010) peer assessment is important,
because collaborating and working in groups
is the integral part of science learning. Peer
assessment means making decisions based on
individual responsibilities that benefit for their
group. In peer assessment students are trained
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to communicate, write and report what they
mean.

Muslich (2014) said that in practice peer
assessment it is important to complete self-
assessment. Peer assessment is unique in
value, because students can receive criticism
from friends for their work even though the
criticsm is also given by the teacher.
Furthermore, research conducted by Thomas
et al. (2011) and Rochmiyati (2013) related to
the application of peer assessment on plant
concepts and photosynthesis at secondary
school level, showing that peer assessment
can have impact on students’ learning. Among
others, it encourages students to understand
their role in paired learning and make students
able to learn autonomously. On the other
hand, practicum activities are requirement of
graduation from practicum courses in the
Chemistry Education Study Program.

Based on the description above, it is
considered important to analyze the
application of performance and peer
assessment through virtual STEM-based
laboratory. The purpose of this study is to
analyze the application of performance and
peer assessment to students' scientific work
through virtual STEM-based laboratory.

2. RESEARCH METHOD

This research uses Pre-Experimental Design
method by using One Group Pretest-Posttest
Design as research design to measure
students' scientific work using performance
assessment and to analyze peer assessment
using One Shot Case Study. Fraenkel et al.
(2011) mentioned the experimental design
method as Weak Experimental Design,
because this research method used a
treatment sample group without a control
sample.

In this research, students are treated by STEM-
based virtual laboratory learning for some
time (X). Students are given initial observation
sheet before treatment and final observation
sheet after learning treatment through
performance assessment instruments and
then given after STEM-based virtual laboratory
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learning to analyze peer assessment. More
details about the research design used in the
study are shown in Table 1 and Table 2.

Table 1. Design of Pretest-Posttest in Control
Group Design

Initial Treatment Final
Observation Observation
Sheet Sheet
0; X 0,

Table 2. One Shot Case Study Design

Treatment Peer Assesment
Questionnaire
X O3

This research started in July to September
2020 at Chemistry Education Department, one
of universities in Indonesia. The subjects of
this study were 99 students of the Chemistry
Education Department who were still actively
studying in the 2019/2020 Academic Year. The
sample of this study was taken by 20 students
of the class of 2018/2019 who had taken basic
and advanced courses. The sampling process
uses purposive sampling techniques with
consideration that the students are taking
course that has practicum as condition of
graduation. In this research there are two
kinds of variables, first is independent
variables that are the application of
performance and peer assessment through
the study of STEM-based virtual laboratory
and then dependent variable that is scientific
work of students.

Students will take part in STEM-based virtual
laboratory  learning using V-lab and
macromedia flash applications on acid-base
titration experiment concept, pH
determination and buffer solutions. Then
scientific work during learning is measured
using performance instruments and peer
assessment. Collection of scientific work data
using observation sheets conducted before
and after learning activities. Observation is
ongoing assessment technique by observing
students’ work directly using observation
guidelines containing a number of behavior
indicators. Practice of observation is used
observation sheet in accordance with the
rubric compiled.
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Observation sheets are made questions
related to the indicators of each student's
skills. The data obtained in this study is the
value of the initial and final observation sheet.
Performance assessment instrument data
obtained through observation sheet will then
be analyzed. To analyze the results of student's
scientific work, the steps are to score on each
indicator and then sum the score and calculate
the final score in percentage form. For peer
assessment, a questionnaire was used which
was filled out by colleagues using the google
form application. The data contained in the
performance instrument and peer assessment
were analyzed by calculating the percentage.
Analysis of the student's observation sheet
and questionnaire data using the formula:

R
NP = — X 100%

NS
Description:
NP : Percent value searched or expected
R : Number of scores obtained students
or groups
NS : Maximum total score

The percentage of achievement results
obtained is then calculated the average value
to match the criteria that refer to the Purwanto
assessment guidelines (2016) which can be
seen in Table 3.

Table 3. Scientific Work Criteria from
Observation Sheet Results

Criteria Score
Highly Competent 85-100
Competent 65-85
Incompetent 45-65
Highly Incompetent 0-45

Furthermore, the data obtained in initial and
final observation sheets will be calculated and
analyzed scientific work using N-Gain analysis.
The formula N-Gain (Munandar, 2009) as
follows:

N-Gain = [N”B—”A]x 100%

MAX- Ny
Description:
Na = |nitial value
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Ng = Final value
Nmax = ldeal value

After the value is processed, students'
scientific work ability can be tested using one
sample t-test. One Sample t-test is used to
determine the average scientific work ability of
each student whether it is better than the
standard skill score or not. Students’ scientific
work is tested using paired sample t-test
where samples are interconnected with each
other. Paired samples are defined as a sample
with the same subject but undergo two
different treatments, namely pretest (before
treatment) and posttest (after treatment)
(Hartina et al., 2020).

3. RESULT AND DISCUSSION

The implementation of STEM-based virtual
laboratory was well implemented by
Chemistry Education Students through several
applications including V-lab on acid-base pH
determination experiments, phet-simulation
in acid-base titration experiments and
students making practicum videos for buffer
solution concept. The images of STEM-based
v-lab forms displayed by students are as
follows in Figure 1.
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Figure 1. Acid-Base pH Determination
Experiment Using V-Lab Application

Data analysis of the implementation of
performance assessment and peers in the
form of percentage value adjusted to the
students’ scientific work indicators. The results
of this research can be seen in the Table 4.
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Table 4. Percentage of Performance and Peer Assessment of Students’ Scientific Work Through the
Implementation of STEM-Based Virtual Laboratory

Instruments
No Scientific Work Indicators Initial Final . Peer
. Observation Assessment
Observation Sheet ! .
Sheet Questionnaire
1. | Set up practicum presentation media 65% 80% 85%
using V-Lab applications, macromedia
flash and practicum video.
2. | Virtually explain practicum tools and 63% 85% 80%
materials
3. | Perform virtual practicum steps and 55% 90% 85%
techniques according to work
procedures
4. | Participate in groups on virtual 65% 80% 75%
practicum activities
5. | Communicate during virtual practicum 55% 85% 85%
activities
6. | Describe virtual practicum results 60% 90% 85%
7. | Discussion of virtual practicum 60% 85% 90%
observations and explaining
mathematical calculations
8. | Making conclusions based on the 65% 90% 85%
concepts of science, technology,
engineering and mathametics
Average Value 61% 86% 84%

Based on students’ performance and peer
assessment  results obtained  through
observation sheets and questionnaires, the
average percentage for scientific work value
through performance observation sheets after
STEM-based virtual laboratory learning is at
highly competent criteria, there is 86%. For the
assessment given by peers on competent
criteria is 84%. The highest percentage for
performance observation sheets is in
indicators of performing virtual practicum
steps and techniques through V-Lab
applications, macromedia flash and practicum
video according to work procedures and
creating opportunities for virtual practicum
observations and discussions.

Thus, N-gain data is used to see the difference
in the initial and final observation value of
implementation performance assessment. The
average N-gain is shown in Table 5 so it can
be noted that the initial and final observation
values have increased by 0.64, this indicates it
belongs to the medium category.
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Table 5. N-gain Data of Initial and Final
Observation Values

Average
Type Na | Ns n-gain Category
Performance | 61 | 86 0,64 Medium
assessment

Paired sample t-test to test scientific work
improvement was calculated before and after
learning treatment. Data of paired sample t-
test results can be seen in Table 6.

Tabel 6. Paired sample test results t-test
Paired Mean Df | Sig. (2 tailed)
1 7331 20 0,000

Paired sample t-test results in the value of the
initial observation sheet and the end of
scientific performance has a Sig value. (2-
tailed) below 0.05, which is 0.000 where there
is difference in average results of initial and
final  observations using  performance
assessment through STEM-based virtual
laboratory learning. So it can be concluded
that the application of performance affects the
students’ scientific work with average score of
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73.31 that has been determined significantly
at the level of trust 95%.

The student's scientific performance value is
then analyzed with one sample t-test. This test
is used to determine each of the average
scientific work scores of the student's
performance and peer assessment application
whether it is better than the standard value of
the skill. Test of one sample t-test for student’s
psychomotor ability can be seen in Table 7.

Table 7. One Sample T-Test Results

Parameter Performance Peer
Assessment Assessment
T 1,725 1,725
Mean 86 84
Asymp.Sig.(2- 0,011 0,002
tailed)

The results of one sample t-test of students'
scientific work ability were assessed using
performance and peer assessment showed
that Asymp's value. Sig (2-tailed) of 0.011 and
0.002, it is smaller than 0.05, this indicates that
the average scientific work score of students is
>75.

The application of performance and peer
assessment in experimental activities in the
laboratory can improve scientific work in
making virtual practicum steps indicators
according to work procedures, explaining
virtual practicum results and creating
opportunities for virtual practicum
observations and discussions. This is due to
the application of performance and peer
assessment used to contain observation
sheets and students’ questionnaires needed in
assessment using instruments such as learning
scenarios, instrument grids, rubrics, and
scoring guidelines as recapitulation of final
grades and referring to assessment for
learning so each stage of learning is given
improvement feedback and assignments.

This is in accordance with the results of
research conducted by Putri et al. (2016),
stated that the science learning outcomes
obtained using a scientific approach-based
performance appraisal instrument are higher
than ordinary learning, which is 82.11 > 70.79.
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So it can be concluded that the application of
performance assessment instruments affects
science learning outcomes, especially on
psychomotor skills.

Performing virtual practicum steps and
techniques through V-Lab applications,
macromedia flash and practicum video
according to work procedures obtained the
highest score of 90%. This means that in this
indicator students have prepared the material
and presented the results of practicum very
well. The results of this study are in accordance
with research conducted by Sarah &
Padmaningrum (2018) showed that by
applying the concept of virtual lab-based
chemical practicum, students are able to
investigate every problem and learn to work
independently and prepare their own
experimental tools and materials as a form of
problem solving when practicing.
Furthermore, the results of the application of
peer assessment of the highest percentage
was found in indicator of discussing virtual
practicum observation results and explaining
the  calculation  mathematically.  Peer
assessments are given after each practicum
was completed. Through peer assessment,
friends’ learning ability can be measured.

As stated by Anshari et al. (2014) that peer
ratings can help reveal person's ability to work
together, think critically about the process and
results of practicum and help receive feedback
or criticism from others. This peer assessment
is able to encourage students to have sense of
responsibility to the practicum process so they
can learn independently, train evaluation skills
that are useful for lifelong learning and
encourage deep learning.

In addition to students' ability to prepare and
conclude presentations using STEM-based
virtual laboratory learning media, students are
motivated to present concepts with attractive
and easy-to-understand look. The use of
virtual laboratories is able to minimize the
misconceptions of abstract concepts. The
existence of virtual explanation is able to open
the insights of chemistry education students
on the concept of acid-base, natural materials
and organic as a whole.
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This result is also in accordance with the
research of Nomleni et al. (2018) that the
visualization of concepts displayed in
interesting and relevant way can improve the
understanding of concepts about the key and
visual properties and video content that can
be heard, seen to serve as substantial learning
tool. In the era of digital literacy where the
flow of information is abundant, students
need to have the ability to choose relevant
sources and information, find quality sources
and assess sources from aspects of objectivity,
reliability, and dissority.

Based on the results of the research, the
application of performance and peer
assessment through STEM-based virtual
laboratory learning can improve the scientific
work of students. In addition, STEM-based
virtual  learning can  also  minimize
misconceptions that often occur in chemical
learning processes.

4. CONCLUSION

Based on the results of the research, it can be
concluded that the application of performance
and peer assessment to the scientific work of
students  through  STEM-based  virtual
laboratory learning is in the criteria of highly
competent 86% and competent 84%. The
results of paired sample t-test of students'
scientific work ability are assessed using
performance assessment has Sig value. (2-
tailed) below 0.05, which is 0.000 where there
is a difference in average results of initial and
final  observations using  performance
assessment through STEM-based virtual
laboratory learning. The results of one sample
t-test of students' scientific work ability are
assessed using performance and peer
assessment has sig value. (2- tailed) 0.011 and
0.002, this means that the average scientific
work score of students >75.
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