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Abstract

Along with the rapid development of
technology in the 21st century, students are not only
required to understand the cognitive aspects, but also
skills such as critical thinking and collaboration that are
important to be trained so that they have an ability to
adapt quickly. Critical thinking and collaborative skills
can be trained on students with learning that is integrated
with computer multimedia. This study was aimed at
identifying the improvement of critical thinking skills and
the profile of students’ collaborative skills using
multimedia-based integrated instruction (MBI2). The
research method used was Pre-Experimental with One
Group Pretest Posttest Design. The participants of this
study involved 33 students (consisting of 13 boys and 20
girls) in grade VIII in one state junior high school in
Bandung. The results showed that the increase in students’
critical thinking skills was in the medium category with an
N-gain value <g> = 0.42 and the collaborative skills
profile of the students was in the good category. Based on
the results of this study, it can be concluded that the use of
MBI2 learning can develop critical thinking and
collaborative skills of secondary school students on light
refraction material.

Keywords Critical Thinking Skills, Collaborative
Skills, Multimedia-based Integrated Instruction (MBI2),
Light Refraction

1. Introduction
Learning process is a pivotal part of human life.
Humans always learn either as a need to adapt or to
survive, to satisfy a sense of curiosity in solving complex

problems in the society at large. Learning is also a process
of knowledge transfer which generally we know as the
interaction of teachers and students. The shift of the
learning paradigm from teacher center towards student
center learning is expected to improve the quality of
education today. This paradigm emphasizes how students
can learn well with the teacher as a facilitator in learning.
The government formulates that the 21st century learning
paradigm directs students to find out information from
various sources, to formulate problems, to think
analytically and to emphasize the importance of
cooperation and collaboration in solving problems [1].
The problem is that when it comes to learning in class
students always depend on the knowledge conveyed by
the teacher so that the teacher becomes the center of
learning (teacher center learning), students are more
dominant to listen and record material written on the
board, and students often get homework assignments to do
individually. Learning in the 2013 curriculum is carried
out using a scientific approach. The scientific learning
approach can make students more productive, creative,
innovative, and affective through strengthening the
integrated realm of attitudes, skills and knowledge [2].
The learning process based on the 2013 curriculum
requires students to be more active and motivated in
learning activities. In this curriculum students are
expected to be more critical and independent in the
learning process. The affective aspect that appears at each
meeting varies according to the demands on the teacher's
book. Curiosity, independence, and confidence are the
affective score that are expected to emerge [3].
In the 21st century the science and knowledge are
advancing so that each country has a strategy that must be
developed to deal with it. The 21st century is also marked
by the amount (1) of information available anywhere and
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can be accessed at any time; (2) faster computing; (3)
automation that replaces routine jobs; and (4)
communication that can be done from anywhere and
anytime. In this information age, all types of work are
required to have more skills. The type of career that
requires higher knowledge and science as well as expert
mindset and complex communication skills is more
promising than repetitive work [1,4].
The 21st century skills are skills required by the world
community in facing the 21st century. These skills are very
important to be mastered by everyone and are embedded
in the Indonesian curriculum to be able to compete with
outsiders and make Indonesia a more quality and
advanced country. True education is a student center
process. Students are expected to be able to hone their
hard skills and soft skills by being trained and enhanced
their abilities and skills to be able to overcome various
global challenges. The preferred skills emerge according
to the Partnership for 21st Century Skills, which are four
skill dimensions consisting of Learning and Innovation
Skills, Information, Media and Technology Skills, and
Life and Career Skills [5].
There is one dimension of the 21st century, namely
skill dimension, which is divided into four main pillars in
21st century learning, namely Critical Thinking,
Communication, Creativity, and Collaboration. This is in
line with Trilling & Fadel [6] that divides the ability of the
21st century into three namely: critical thinking and
Problem solving, applying skills such as critical thinking,
problem solving, and creativity for content knowledge.
Improving
motivation
and
learning
outcomes;
Communication and Collaboration, Education always
pays attention to the basics of good communication,
correct speech, fluent reading, and clear writing.
Collaboration is needed to improve the ability to work
together; Creativity and Innovation, Innovating in new
services, better processes and improves products for the

Figure 1.

global economy. Creativity is needed in adjusting to work
that began to be flexible in the 21st century. These four
skills are better known as 4Cs Super Skills. 4Cs Super
Skills are also a key to the overall vision of 21st century
learning. The 4Cs Super Skills skill is the most
appropriate skill to improve the quality of students who
have entered the 21st century in order to be able to achieve
success both in continuing their studies to university,
career, or society [5,7].
In this era, students are familiar with technology even
from an early age. Ironically, such familiarity and comfort
are inversely proportional to all current digital challenges
for educators who struggle to keep up with the changing
technological context, where students no longer process
information gradually, but instantaneously [8]. Learning
activities with the help of computers can be an alternative
solution to the aforementioned problems. By presenting
technology as a bridge in teaching and learning activities,
it is expected to be able to answer digital challenges that
require skills that need to be trained on students.
Multimedia is one way to convey learning with the help of
computers. Specifically, multimedia is used to facilitate
learning. Multimedia learning can be used to channel
messages (communicate), stimulate students' thoughts,
feelings, concerns and motivations, so that they can
encourage the learning process [9]. In learning,
multimedia with the help of computers uses one-way
instructional media commonly called Computer Assisted
Instruction (CAI). According to Wondal, CAI applies
graphic and animation programs to create instructional
and interactive media that can illustrate concepts through
animation, sound and demonstration [10]. CAM
(Computer Assisted Multimedia) is able to transfer
information easily and quickly. In general, the computer
media used by teachers in schools are only limited to the
Power Point program to increase students' understanding
of a concept [11].

Four Dimensions of 21st century Skills
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Multimedia-based Integrated Instruction (MBI2) is
multimedia that is equipped with interactive content such
as animations and simulations so that learning can be
improved in learning on material that is difficult to
observe, or which cannot be done in real experiments.
Hermawan [12] stated that MBI2 was a further
development of CAI to convey information and
instructions directly in directing interactive simulations of
learning. The MBI2 made includes all components of the
lesson plan, namely (1) Curriculum. (2) Mind Mapping, (3)
Materials, (4) Worksheet, (5) E-books, and (6)
Evaluations in the form of questions.
Based on the consideration of the results of the
preliminary study, the researcher proposed the Multimedia
Based Integrated Instruction (MBI2) learning media as one
solution to answer the problems that have been previously
described. MBI2 is an integrated multimedia which
contains learning multimedia, learning tools, teaching
materials (e-books), assessment based on multimedia both
in the form of computer simulations and animations in
learning media, assessments as well as videos and e-books
as teaching material so that learning science (Physics)
using MBI2 will be more efficient and time saving, also
give new experiences to students.
Several previous studies have linked the application of
MBI2 to determine the profile or improvement of skills
included in 21st century skills, such as Hermawan’s
research that has examined the use of MBI2 on the profile
of the ability to collaborate on light reflecting material
[12]; Bhakti examined the development of multiple choice
tests to measure students' generic science skills on solar
system concepts [13]; Samsudin’s research on the
development of scientific creativity skills tests on material
earth structures [14]; the development of problem solving
skills tests on the material of Vibrations, Waves, and
Sounds studied in Hidayat’s research [15]; analysis of
problem-solving ability on heat transfer material
conducted by Yulianawati [16]; Nurasiah conducted
research to measure the increase in critical thinking skills
in optical instrument materials [17]; and the improvement
of science process skills in regular straight motion
material studied by Siahaan [18].
This study was aimed at finding out ways to improve
critical thinking skills and collaborative profiles in
learning science / physics, especially on light refraction
material. Learning with computer media is expected to
maximize the absorption of information by students,
which are presented in the form of instructional media,
teaching materials, and assessment with the help of
computers. So, it is expected that students' critical
thinking and collaborative skills can grow and even
enhance. In this study, researchers developed media using
MBI2. The use of MBI2 in science learning is used to
develop the two 21st century skills, namely critical
thinking skills and student collaboration with the focus of
light refraction material. The material implemented into
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MBI2 was the light refraction material that is available in
the seventh-grade junior high school curriculum in
semester 2.

2. Materials and Methods
2.1. Participant
A total of 33 students of grade VIII from one state
Junior High School in Bandung participated as a sample
in this study. All participants came from the same class,
consisting of 13 boys and 20 girls. The average age of the
sample was in the range of 13-14 years old. During the
learning activities took place, students were divided into
groups consisting of 4-7 students who were randomly
determined.
The researcher employed a purposive sampling
technique to determine the sample from the study on the
grounds that the researcher tried to make the sample from
this study homogeneous and could represent the
population of junior high school students in the city of
Bandung. Another reason for selecting the sample was
also because the facilities of the participant class that have
been adequately included the availability of laptop devices
that have been provided by the school were the main
means of learning using MBI2 which was the focus of this
study. The class selection was also due to other classes
that had or were studying light refraction material, and the
science teacher of the class has not taught light refraction
material.
2.2. Research Design
Before conducting research, researchers should
consider the methods and designs that will be used in the
study. If we review, the outline of this study was aimed at
observing changes in predetermined variables that were
affected by a treatment. After reviewing the literature as
reference material, the researcher determined the
quantitative method namely pre-experimental method as
the method of the study. The pre-experimental research
method is a research method used to determine the effect
of a variable on other variables without the control
variables and the sample is not randomly selected. The
selection of research methods also aimed at limiting the
scope of the research to focus on the variable of the
students’ ability to collaborate and the ability to think
critically. The researcher also took the sample purposely
without a control class with the consideration that it was
impossible for two classes to have the exact same
conditions [19,20]. There were two different research
designs to find out the increase in critical thinking skills
and collaborative skills profiles, namely one group
pretest-posttest design and one-group posttest-only
design.
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Figure 2.

The Research Flowchart

The research design used to measure critical thinking
skills was the One Group Pretest-Posttest design. In this
approach, all participants were initially determined as an
experimental group. Then, the group was observed at two
different times. One observation in the form of a pretest
was recorded before the intervention (independent
variable). Then after the intervention, observation or the
second data retrieval was done in the form of posttest. The
change from pretest to posttest was an interesting result,
which was considered the result of treatment [19,20].
Whereas the research design to determine the profile of
students' collaborative skills in this study was a one-group
posttest-only design, also called a one-shot case study. In
this design, all participants were assigned non-randomly
as an experimental group. Then, all participants in this
group were presented with several types of treatments,
such as curriculum or new learning models. After that, the
final result was measured as the only posttest.
This research lasted for 2 meetings, with the duration of
each meeting for 3 × 40 minutes. In outline, this research
is divided into three phases which consist of preparation,
implementation, and final stages. A description of the
flow of this research is presented in Figure 2.
2.3. Research Instrument
The dependent variables that were measured in this
study were critical thinking skills and student

collaboration skills. The material implemented in learning
using MBI2 was light refraction. Critical thinking skills
were skills possessed by a person in analyzing an event or
problem and being able to choose the actions that must be
taken to solve a problem which is meant in this research
consisting of scientific and intellectual disciplinary
processes, which were active and skillful to conceptualize,
implement, analyze, synthesize, and evaluate information
that has been collected from observations, experiences,
reflections, reasons, as instructions for action [21]. There
are five aspects of skills taken from the rubric of critical
thinking skills proposed by Ennis [22] that are used to
measure improvement in students' critical thinking skills,
namely clarifying, building the basis for decision making,
concluding, making further explanations, and making
guesses & integrating them.
According to Fathan et al. [9] thinking is defined as a
mental process that can produce knowledge. In general,
the activity of thinking is divided into two, namely low
order thinking and high order thinking. High order
thinking is a thinking skill that not only requires the
ability to remember, but also requires other higher skills
[9]. According to Ennis, critical thinking is a skill to
convey reasons and reflect thinking focused on decision
making on what is believed or done [22]. The aspects of
critical thinking ability proposed by Ennis are presented in
detail in Table 1.
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Table 1.

Aspects of Critical Thinking Skills

Aspects of critical thinking skills

Sub aspect of critical thinking

Description indicators Sub aspect of critical
thinking skills

clarifying

Identifying a focus question

Identifying criteria of possible answer

Establishing the basis for a decision

Considering the credibility of the source

Skills of giving reasons

Concluding

Inducing and considering induction
results

Hypothesizing

Making further explanation

Defining

Defining the content of a term

Considering decisions based on reason

Choosing criteria as a possible solution to the
problem

Making assumptions and Integrating
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Critical thinking skills were measured using critical
thinking skills test instruments in the form of
multiple-choice questions. Data enhancement of critical
thinking skills were analyzed based on the value of N-gain
score pretest-posttest. The research instrument used to test
students' critical thinking skills such as critical thinking
skills test on light refraction material consists of 10
multiple-choice items. Figure 3 presents an example of the
grating of test critical thinking skills.

The collaborative skills referred to in this study are
social skills that enable or require students to work
together with others. The indicators of collaborative skills
assessed are divided into four indicators, (1) collaboration
skills and attitudes of respect for group members; (2) the
skills of participating and contributing to groups; (3) time
management skills in working on tasks; (4) and skills to
be responsible for the results of joint work. Students'
collaborative skills are assessed by observers in practicum
activities in groups. Students are assessed using
instruments in the form of collaborative skills rubrics. The
Collaborative Skills Rubric is an adaptation of the
Partnership of 21, "21st Century Skills Rubric" and
International Reading Association/NCTE Read Write
Think "Collaborative Work Skills Rubric" [25,26]. The
collaborative skills scores are categorized so that a
student's collaborative skills profile is obtained. Based on
the collaborative skills students must master as described
above, these skills are classified into aspects of
collaborative skills that will be trained and measured.
To measure the profile of students' collaborative skills,
the instrument used was a collaborative skills observation
sheet consisting of 4 indicators, cooperative skills and
respect for group members; skills in participating and
contributing to groups; time management skills in
working on tasks; and skills to be responsible for the
Figure 3. Example of Grid Question about Critical Thinking Ability
Test
results of joint work. Each indicator was equipped with a
description of the achievement criteria with a score of 1 to
Collaboration skills are also an important skill for every 4, a score of 1 indicates that the student has not achieved
person who lives in the 21st century. According to Niemi the expected competency, a score of 2 indicates that the
et al. collaborating is a social mediator that allows or student is close to the expected competency, a score of 3
requires students to collaborate [23]. In order for indicates that the student has achieved the expected
collaborative skills to be possessed by students, educators competency, and a score of 4 indicates that the student
should take steps such as encouraging students to exceeds the competency expected on the indicator. In this
exchange ideas, opinions, knowledge, help one another, study, researchers included observers with one observer in
work together, actively seek help, justify and explain ideas, each group to assess the collaborative skills of each
and provide explanations by being described in full [24]. student in one group.
In addition, according to Trilling & Fadel [6] so students
can be said to have collaborative skills, students must be 2.4. Data Analysis
able to demonstrate the following skills: demonstrate
effective work skills and respect team diversity;
In this study, researchers would analyze some data
demonstrate flexibility and willingness to accept other relating to the improvement of critical thinking skills and
people's opinions in achieving common goals; and assume collaborative skills profiles, therefore data collection
joint responsibility for collaborative work and appreciate techniques and data processing techniques were needed to
the contribution of each team member.
be analyzed and answer the research problem formulation.
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The data obtained consisted of two types, namely critical
thinking skills data and collaborative skills obtained from
test and observation results. Quantitative data obtained in
this study came from the results of the assessment of
critical thinking skills using the critical thinking skills test
instrument which was assessed using the rubric / key of
the test answers. Data on this test were taken twice,
namely the pretest and posttest. Data that have been
processed using N-gain were interpreted into several
categories, and then were analyzed as a whole in each
indicator of critical thinking skills in detail with
descriptive analysis.
N-gain provides a general description of the
improvement in student learning outcomes before and
after treatment is given by classifying it into several
categories of N-gain values adapted from Hake [27]. Data
that has been calculated using N-gain and has been
interpreted into several categories, then analyzed both
overall and each indicator of critical thinking skills.
For the profile of students' collaborative skills, this
instrument is used during the process of learning science
refracting materials using MBI2. Each indicator was given
a score based on the assessment criteria in number of 1, 2,
3, and 4 with the lowest criteria scale was given a score of
1 and the highest criterion was 4. Assessment in each
aspect was carried out according to the guidelines for
collaborative skills rubric. Furthermore, the scores were
added from each indicator into the total score of students'
collaborative skills. The sum of the scores obtained by
students interpreted as a profile of students' collaborative
skills. Collaboration skills categorization refers to the
scoring rules for the assessment of psychomotor domains
that have been adapted from Arifin [28]. To find out the
interpretation of collaborative skill scores on each
indicator, the 21st Century skill score interpretation
guideline was used which was adapted from 21st
Century's Skills Rubric [25].

on the results of answers to students’ critical thinking
skills tests consisting of ten multiple choice questions.
The pretest was held before students received treatment in
the form of the use of Multimedia Based Integrated
Instruction (MBI2) in learning light refraction material
during two meetings. After the refraction of light material
having been delivered in two meetings, students
implemented posttest critical thinking skills with the same
problem instrument. Of the total 35 students in the class,
the number of students who took the critical thinking
skills pretest was 35 people with information from 15
male students and 20 female students, while the number of
students who took the posttest was 33 students with 13
male and 20 female students. Therefore, the total data of
students’ critical thinking skills scores that were analyzed
in this study was 33 data, that was the data of all students
who took part in the entire MBI2 learning activity on
refracting material, following the pretest and posttest
Critical Thinking Skills Test. Data on average N-gain
values of students’ critical thinking skills were presented
in Table 2.
Based on the Table 2, the increase of students’ critical
thinking skills obtained an N-gain value of 0.42. It can be
stated that after giving treatment in research in the form of
the use of Multimedia Based Integrated Instruction (MBI2)
on the refraction of light material, students’ critical
thinking skills increased in the medium category based on
the categorization of N-gain values proposed by Hake [27].
The findings obtained were in line with the results of
research conducted by previous studies [9,29,30,31]
which stated that learning with the use of computer
multimedia could improve students’ critical thinking skills.
As well as the use of computer multimedia aids used in
this study, some of the above studies used Multimedia
Based Integrated Instruction (MBI2) which showed the
same results in increasing students’ critical thinking skills.
Moreover, there are five aspects of critical thinking
skills that are measured in the study consisting of
clarifying, establishing basis for a decision, concluding,
making further explanations and making assumptions and
integration. The mean value of the N-gain in each aspect
of critical thinking ability was shown at Table 3.

3. Findings and Discussion
Critical thinking skills of students were assessed based
Table 2.
The average score of pre-test
33.03

The Mean Value of the N-gain of Critical Thinking Skills

The average score of post-test
61.21

Ideal score
100

N-gain
0.42

Category
moderate

Table 3. The Mean Value of the N-gain Every Aspect of Critical Thinking Ability
Aspects CBC
Clarifying
Establishing the basis for a
decision
Concluding
Making further explanation
Making assumptions and
integrating

The average score pre-test
21.21

The average score post-test
43.94

Ideal score
100

N-gain
0.29

Category
low

33.33

57.58

100

0.36

moderate

22.73
46.97

57.58
77.27

100
100

0.45
0.57

moderate
moderate

40.91

69.70

100

0.49

moderate
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0.6

0.57

0.5

0.45
0.36

<g>

0.4
0.3

0.49

0.29

Thinking Skills

Based on Figure 4, the highest aspects of critical
thinking skills of students were found in aspect number 4,
which was making further explanation. The clarifying
aspect was the aspect with the lowest value compared to
other aspects. These findings were in line with the results
of previous studies [32] which examined Ennis’s critical
thinking skills based on five aspects which were the same
as aspects of critical thinking skills in this study. This
research also showed the results that aspects of clarifying
critical thinking skills have the lowest value compared to
other aspects of critical thinking skills; while the aspect
that has the highest N-gain value is the aspect of making
further explanation. The graphs of the results of previous
studies that supported the results of this study were
presented in Figure 5.
N-Gain on Each Indicator of Critical Thinking
Skills
1

N-Gain Value

The indicators of critical thinking skills examined in
this study were adapted from the five aspects of critical
thinking ability proposed by Ennis [22]. These aspects
consist of 1) clarifying, 2) building or establishing a basis
for decision making, 3) concluding, 4) making further
explanations, and 5) making assumptions & integration.
These five aspects were implemented and raised in
learning using MBI2. Based on Table 3 it was found that
these four aspects of critical thinking skills had increased
in the medium category, and one aspect of critical
thinking skills had increased in the low category. This
improvement in each aspect of critical thinking skills has
various N-gain values. The aspect of critical thinking
skills that experienced the highest increase was the aspect
of making further explanation with an N-gain value of
0.57. The lowest increase was in the clarifying aspect with
an N-gain value of 0.29. The N-gain value which was
smaller than 0.30 made clarifying aspect be in the low
category. The comparison graph of the N-gain value of
each aspect of students' critical thinking skills was
presented in Figure 4.
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0
1
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5

Indicator of Critical Thinking

0.2

Figure 5. Comparison of N-gain Values of Each Indicator of Student’s
Critical Thinking Skills on Vibrations, Waves and Sound Material

0.1
0
1
2 Critical
3 Thinking
4
5
Aspects
of
Skills
Information:
Aspect 1:

Clarifying

Aspect 2:

Establishing the basis for a decision

Aspect 3:

Concluding

Aspect 4:

Making further explanation

Aspect 5:

Making assumptions and integration

Figure 4. Comparative Value of N-gain in Every Aspect of Critical

Based on the theory put forward by Ennis [22] at
clarifying aspects of thinking skills (Basic Clarification),
students were required to define a case as well as to
review the definition of what was appropriate from an
event or thing that happens [32]. There were two
multiple-choice items made to test the aspect of clarifying.
The example of test question to measure aspects of critical
thinking skills were presented in Figure 6.
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Figure 6.

The Example of Test Question to Measure Aspects of Critical Thinking Skills

In learning activities using MBI2, critical thinking skills on clarifying were trained by displaying physical phenomena
that were related to the concept. Then, the teacher and students discussed with each other to obtain the definition of the
concept while the example of the multimedia display provided was presented in Figure 7.
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Figure 7. Example of MBI2 Display. (a) Video of line formation of light as they pass through a convex lens. (b) Simulation of the formation of an
object's shadow based on the path of light passing through a convex lens

From the two MBI2 displays, students were trained to
identify patterns of formation of light trajectories that
passed through convex lenses. Students observed how the
light passing through the lens was refracted so that it
intersected at a certain point. The video display at the first
Figure 7 aimed to guide students to identify the nature of
the convex lens that was collecting light passing through it.
In the second Figure 7, a simulation displays of the
shaping of objects based on the path diagram of light.
Light from objects passing through the convex lens
produced intersections of light paths where the object's
shadow was formed. Students were trained to be able to
identify the nature of the formation of shadows based on

the comparison of the shape of the object's original
shadow shape.
The aspect of giving further explanation became the
aspect which had the highest N-gain value compared to
other aspects. It was inversely related to clarifying aspects.
There were two items of the critical thinking skills test
instrument in the form of multiple choice which were used
to test aspects of giving further explanation. Both of these
items tested students to explain the further meaning of a
concept that was raised. Figure 8 presented one example
of the items used to test the critical thinking skills aspects
of providing further explanation.
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Figure 8.

Examples of Critical Thinking Ability Test Question on Aspects of Providing Further Explanation

For this aspect, students were expected to be able to
define the meaning of terms that emerge from a concept,
such as explaining the definition or further meaning of an
equation. In problem-based learning activities (PBL)
students were trained to explain various kinds of
phenomena that appear that were displayed in simulations,
videos, or pictures in MBI2. The results of this study were
in line with research conducted which stated that
problem-based learning could improve students' critical
thinking skills [33].
MBI2 was not only used as a learning resource, but it
was also used in practicum activities carried out at each
meeting as a learning support media. Every practicum
activity, students were assigned to fill student worksheet
in groups. This worksheet was expected to train students
directly to get used to learning a scientific approach. The
scientific approach had the characteristics of highlighting
the dimensions of observation, reasoning, discovery,
validation, and explanation of a truth. If from an early age
student were guided to skillfully observe, ask questions,
reason, conduct experiments and conclude and
communicate then indirectly the scientific character of

students would be formed [1].
The worksheet compiled in this study was an integrated
worksheet that had been integrated with MBI2. The use of
integrated worksheets had an advantage over worksheets
that only focus on student cognitive development. In
addition, the worksheets made the learning became more
well-structured because the worksheets were arranged
according to learning activities [34]. This statement was
also supported by the results of research which found that
good worksheets were not only able to develop the
cognitive aspects of students but also were able to develop
students' potential in terms of attitudes and skills needed
in responding to natural phenomena that occurred around
them [35].
Based on the analysis of the Student Worksheet,
students answered experimental questions by observing
the phenomena that were displayed and giving further
meaning to the observed phenomena. Examples of
students' answers on the application of integrated
worksheet in learning using MBI2 were presented in
Figure 9.
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Figure 9. Sample of Student’s Answer in Worksheet about Refraction Phenomenon

Based on students’ answers to the worksheet to answer the concept of refraction of light, students observed
phenomena that raised and although he/she interpreted them using their own equivalent words, students could convey
ideas or meanings that they took from these phenomena. Another example was the simulation that was raised in
learning using MBI2 on the topic of refraction of light, showing illustrations of shaping the objects of refraction.
Students observed the path of light that was deflected when passing through two mediums that had different densities.
An example of an MBI2 display was presented in Figure 10.

Figure 10. Example of Display in the Form MBI2 Simulation of Light Refraction through Two Different Media
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Figure 11. Sample Student’ Answers at Worksheet in Answering Phenomena Refraction in a Different Medium

From the simulation shown in Figure 10, students were
trained to be able to provide an explanation of the law of
refraction of light. This simulation example was a form of
learning for students to practice basic skills to provide
further explanation. Figure 11 showed an example of
student’s answer. Based on the picture above it was
known that students answered the questions from the
worksheet correctly. Students could deduce the outline of
the law of refraction of light based on the meaning of the
simulation displayed. With many forms of training for
students to provide further explanation, students' critical
thinking skills, especially in the aspect of providing
further explanation, were increasingly developing.
Analysis of student’s answers was expected to be able to
support the findings obtained from research.
The research data obtained to determine the profile of
students’ collaborative skills was gained from the
collaborative skills observation sheet. To determine the
profile of students' collaboration skills, the observer
observed each individual in the group in learning activities
using the light refraction material MBI2. There were four
indicators collaboration skills assessed by an observer

with a score of 1-4 in a range of integers. Data were
obtained based on appraisals observer to the observation
sheet used as students’ collaboration skills profile in the
form of a score with a scale of 4-16 as categorized by the
categorization proposed by Arifin [26]. The results of data
processing collaborated skills profiles were presented in
Table 4.
Table 4. Collaborative Skill Profile
Total Score
of
Collaborative
Skills
425

Maximum
Total
Score

Average
Score

Average
Maximum
Score

Category

528

12.88

16

Good

For more detail, students’ collaborative skills were
measured by four indicators; cooperative skills and
attitude of respect for members of the group, the skills to
participate and contribute to the group, time management
skills in the execution of the task, and the skills to be
responsible on the results of joint work. To see a profile
on each indicator collaboration skills, the data was
presented in detail in Table 5.
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Table 5. Skills Profile Collaborate on Each Indicator
No.
1
2
3
4

Indicators of Collaborative Skills
Cooperative skills and attitude of respect for
members of the group
Skills to participate and contribute to the
group
Time management skills in the execution of
tasks
Skills to be responsible on the results of the
joint work
Total score

Total score

The average score

Score interpretation

109

3.30

Achieving competency

101

3.06

Achieving competency

126

3.82

Achieving competency

89

2.70

Nearly competence

425

12.88

Collaboration skills score results were assessed by
observers who were considered competent to assess the
profile of students’ collaborative skills. Long before
learning began, the observer was initially given an
explanation of the assessment of collaborative skills,
following technical observations and an explanation of
collaborative skills indicators and scoring criteria. This
was done with the aim that the assessment of students'
collaborative skills from each observer was valid so that
the assessment for a student was the same from every
observer. Observation activities were carried out at the
second meeting, to measure collaborative skills after
students got comprehensive treatment with learning using
MBI2.
Based on the data processing, the average total score of
students’ collaborative skills was 12.88. Based on the
guidelines for categorizing scores, the scores were
considered into good category. Researcher's findings on
the profile of students’ collaborative skills obtained in this
study were supported by previous research findings that in
practicum activities, as a group all students could
collaborate with each other and help each other in
resolving problems given to the worksheet contained in
MBI2 [12]. The research on students 'collaborative skills
also found that the profile of students' collaborative skills
was in the good category.
The use of integrated worksheet and learning based on
a scientific approach in groups for learning using MBI2
could also enable students to practice collaborative skills.
This is in line with Niemi who stated that practicing
collaborative skills with students could improve learning
outcomes by providing opportunities for students to
acquire and share knowledge with their colleagues [23].
Other research findings concluded that a scientific
approach could improve students’ collaborative skills
[36].
Based on Table 5, the average score of students'
collaborative skills was a score of 3 and above on the
indicators of cooperation skills and attitudes of respecting
group members, skills in participating and contributing to
groups, and time management skills in working on tasks.
From the interpretation of the scores of the three
indicators, it can be stated that the average student has
achieved the competence expected for the indicators of

cooperative skills and attitudes of respecting group
members, the skills of participating and contributing to the
group, and the time management skills in working on
tasks. For the average student score on the fourth indicator,
namely the skills responsible for joint work, has a score of
2.70 with a score interpretation almost reaching
competence. This indicator is an indicator with the
average score of the smallest students compared to other
indicators.
Before practicum activities were carried out, the teacher
guides students to determine the practicum groups. The
determination of student groups was arranged freely, so
students could determine their colleagues to collaborate.
This group learning allowed students to practice
collaborating with their friends. Students were trained to
collaborate with MBI2 assisted as a means to solve the
problems given by each of them together with peers when
it was viewed from the implementation of learning, there
were some students who were less active in responding to
teacher questions and in conducting experiments
individually [12].
Based on the results of research that has been done, it is
implied that the use of MBI2 can be an alternative teacher
solution to improve critical thinking skills and find out the
profile of students' collaborative skills. These skills are
two of the 21st century skills that are expected to be
developed by students. However, research that has been
done is far from perfection because there are some
shortcomings and requires improvements to get better
results in the future.

4. Conclusions
The 21st century skills are skills required by the world
community in facing the 21st century. Creativity is needed
in adjusting to work that began to be flexible in the 21st
century and collaboration is needed to improve the ability
to work together. Moreover, 21st century is familiar with
technology thus many educators struggle to keep up with
the changing technological context. Multimedia Based
Integrated Instruction (MBI2) learning media is one
solution to answer the problems. MBI2 is integrated
multimedia which contains learning multimedia, learning
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tools, teaching materials (e-books) and assessment.
Based on research that has been done, the following
results from present investigations seem worthy of
emphasis:
1. The use of MBI2 in science learning can improve
students' critical thinking skills on the material of
light refraction, indicated by the acquisition of an
N-gain value of 0.42 which was considered as the
medium category. The highest aspects of critical
thinking skills of students were found in aspect
making further explanation.
2. The profile of students' collaborative skills on light
refraction material was shown with an average score
of 12.88 which was included in the good category.
The highest average score of collaborative skills is in
indicator time management skills in the execution of
tasks.
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