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Abstract – In physics, computer-based tests have
been widely developed, however, the questions are only
presented in textual and pictorial representations. We
have developed a kinematic test in the multimedia
format, which is so called multimedia-based test
(MBT). For comparative study purposes, two groups of
students were alternately set to take the MBT and
paper-based test (PBT). From the statistical analysis, it
is revealed that there was no significant difference
between the MBT and PBT. Therefore, the MBT can
be used for reliable assessment tool. We also found that
students were more motivated to work on multimedia
format.
Keywords – multimedia-based test, kinematics,
paper-based test, students’ response.

1. Introduction
The precipitous development of computer
technology, multimedia, and informatics has led to
many changes in various aspects of human life, with
no exception in the education sector. This is more
pronounced in the nowadays’ COVID-19 pandemic,
where students and teachers have to deal with
distance learning using online platforms [1].
Therefore, using a computer for learning and
instruction is inevitable, not merely for teaching
purposes, but also for assessments.
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According to Shute and Rahimi [2], computer use
in assessment is predicted to increase in various
learning contexts continuously. International tests
such as the Trend in Mathematics and Science Study
(TIMSS) and the Programme for International
Student Assessment (PISA) have been implemented
by using a computer. In Indonesia, the national
exams and college entrance tests in recent years have
gradually being changed from paper-based to
computer-based tests.
Conventional paper-based test (PBT) and modern
computer-based test (CBT) assessments have their
own advantages and disadvantages. According to
Sangmeister [3], compared with the computer-based
test, PBT is superior in terms of overall suitability of
the item and model fit. In addition, PBT also allows
students to directly write on the question paper to
solve the problems [4]. However, according to
Adanır, Akmatbekova, and Muhametjanova [5],
many teachers have difficulty when the exam is done
with PBT-mode, especially to give specific feedback
for every single student’s answer and spend a long
correction time. Related to that fact, in recent years,
students’ competency assessment has begun to
switch to CBT. The computer-assisted test is claimed
to be the better alternative to replace PBT since it has
many advantageous, for instance: effective use of
time [6], low production cost [7], direct feedback [8],
no distance barrier [9], and powerful instrumental
[10]. However, CBT developed has to carefully
consider the design and structure of the test [11].
Recent studies have been conducted to compare
how students respond when conducting tests with
CBT and PBT. Some found that there are no
differences in the results of students performing the
tests with computer and paper [12] [13] and some
others revealed different findings [14] [15].
Meanwhile, there are also judgments that students’
learning outcomes measured with CBT and PBT
could be the same with a note that the students
should always be given multiple reminders during
the CBT mode [16]. In other words, there exist
inconsistency interpretations to compare the CBT
and PBT modes that guarantee the same results.
Along with the technology advances, there are
emerging numbers of CBT innovations, one of which
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is the presence of multimedia-based test (MBT). In
MBT, instead of just text and images, the problem
presented on the computer screen is dynamic and
interactive. de Klerk, Veldkamp, and Eggen [17]
created a framework of making MBT by combining
the theory of test development with the performancebased test to measure the skills of vocational
education students. Furthermore, a study conducted
by Kuo and Wu [18] claimed that MBT could be
used to measure students’ understanding to solve
complex science problems. In addition, the dynamic
representations in MBT make it more appealing to
students and help students even whom with poor
understanding to better visualize the problems [10].
On the other side, there are several obstacles to the
development and implementation of MBT in the
classroom. In the MBT test, students need more time
to answer questions due to the repetition effect [14].
In addition, MBT preparation is relatively long when
compared to other conventional type tests [19]. The
validity and reliability have also been quite serious
challenges in MBT implementation [20]. Another
challenge is that the empirical evidence regarding the
use of multimedia in recording the ability of students
is still not widely presented [21]. The MBT
implementation is also more complicated when
dealing with students who have little experience
using a computer at schools [22].
In principle, assessments are used to evaluate
students’ learning outcomes and determine how close
they are to learning objectives. A study conducted by
DeBoer et al. [19] in science subjects found that the
use of MBT could be effective if designed with
conceptual frameworks and meaningful problems so
that the students’ understanding can be
comprehensively recorded. Science learning that
deals more with real phenomena should be evaluated
with an assessment that presents the phenomena.
Considering the challenges above, the MBT format is
appropriate when applied to science materials, more
importantly physics.
In physics, kinematics is the most fundamental
concept to understand. It covers the very basic
principle of motion that governs all branches in
physics. Once a student acquires proper
understanding in kinematics, he will be easier to
understand other physical concepts, from vibrations
and waves to electrodynamics. Therefore, assessment
to measure students’ understanding in kinematics is
very crucial. Some tests have been developed, e.g.,
the Halloun-Hestenes Mechanics Diagnostic Test
[23], the Mechanics Baseline Test [24], and the other
kinds of mechanics test developed. Although these
tests are usually presented in PBT format, however,
other kinematics tests have also been developed to be
accessed by students using a computer with
unmoving pictures [25]. As far as the kinematics
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assessment is concerned, it is commonly found that
the questions presented in both PBT and CBT are the
same. The only difference is just the use of paper and
computers. Therefore, the development of problems
set using moving pictures is crucial for assessment.
In this present study, crucial research questions
relating to the use of MBT and PBT for assessing
students’ understanding of kinematics are evaluated.
This present study aims to evaluate the use of PBT
and MBT to assess students’ understanding on the
kinematics concept.
2. Methods
This development research involved 100 high
school students and several physics teachers. The
stages of research include: (1) preliminary studies,
(2) product development, and (3) try out. In the
preliminary study, a literature study was conducted to
examine the results of research on kinematics graphic
difficulties, approaches to overcome difficulties and
the recent development of media and games related
to the formative assessment. Based on various
learning difficulties of kinematics graphs found, the
researchers determine and develop learning
indicators as a reference to develop isomorphic
multiple choice items and other learning materials.
Furthermore, for each learning indicator, 3
isomorphic multiple choices of multiple points were
developed so that a total of 18 points were produced.
The set of learning indicators and items were
reviewed by the material experts and a teacher to get
suggestions for improvement. After the revision, the
test items were tested on conventional high school
students. This set of multiple choice items became
material for developing formative feedback games.
2.1. Experimental Sample
The study involved two groups of students from
Madrasah Aliyah Negeri (MAN), an Islamic-based
senior high school in Indonesia. Unlike common
senior high school, Madrasah Aliyah Negeri has a
heavier study load in its curriculum. The MAN
students have to also learn extra Islamic subjects.
Consequently, MAN students’ learning achievement
in science subjects, e.g., physics or chemistry, is
relatively lower than that of the other schools. In this
study, the students were familiar with using a
computer at their school. With that, the use of MBT
to assess their understanding was not a problem.
Prior to the test was performed, the students have
learned kinematics, i.e., straight-line motion, a few
weeks before. This study involved two classes where
the first class consisted of 29 students, while another
class consisted of 23 students. Both classes employed
PBT and MBT for assessment with different orders.
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2.2. Experimental Instrument

2.3. Experimental Data

We used 20 questions focused on straight-line
motion in kinematics. The questions were adapted
from previous studies. Table 1 describes the specific
conceptual understanding with the corresponding
item questions. The questions are presented in PBT
and MBT formats, and they were reviewed by
experts from physics lecturer and a teacher. The
conceptual distribution for each PBT and MBT
followed Table 1. The sample questions for PBT
(using verbal and graphical representations) and
MBT (using animation) are displayed in Table 2. In
these tests, students were able to repeatedly read the
question texts of play the animations.

The data were collected from two groups of MAN
students. The first group (Group I) took PBT first
before the MBT and the second group (Group II)
completed the reverse sequence. The second test was
done seven days after the first tests. Once the two test
sessions were completed, the students were asked to
fill in questionnaires related to their experiences
when facing the PBT and MBT.

Table 1. Item Questions Distribution
Concept
Distance and Displacement
Velocity and Acceleration
Kinematics Graph

Question Number
1, 2, 12, 17
3, 4, 7, 8, 10, 13, 16, 18,
19, 20
5, 6, 9, 11, 14, 15

Table 2. Sampel Questions for PBT and MBT. Q Stands
for Question
Translation:

2.4. Data Analaysis
The data were analyzed by means of descriptive
statistics and inferential statistics. The mean,
standard deviation, maximum score, and minimum
student score were used to present the data. A
comparison test was conducted using an independent
t test. This test was used to compare students’ scores
taking the PBT and MBT both during the first
session and during the second session of the test. In
addition, in order to ensure that there was no effect
on the various test series, an independent t test was
also carried out between the sample using PBT first
then MBT (the first sequence), and the sample using
MBT first then PBT (the second sequence).
3. Results and Discussion

PBT

Q#1

MBT

Translation:

PBT

Q#5

MBT
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Table 3 shows the descriptive analysis for both
PBT and MBT that were followed by 52 students.
The table also includes the mean, maximum,
minimum, and standard deviation of the students’
scores for each test. As can be seen from Table 3, the
statistical data are similar; even the minimum scores
are exactly the same. Although the students have
learned the chapter before the tests, it is recorded that
their mean scores are relatively low, i.e., around 50.
Furthermore, the students’ correct percentage for
every concept can be seen from Table 4. It is known
that the students performed well on distance and
displacement concepts but with poor understanding
on the kinematics diagram. On the other hand, the
students attained medium level of comprehension for
the concept of velocity and acceleration.
Based on the sequential order, distance and
displacement are the very beginning concepts to be
learned by students for the kinematics chapter. In this
part, the students’ maximum of correct answers
reached almost 80%. Oppositely, the students’
performances on the other kinematics sub-chapters
were relatively low. There was nearly 58% for
velocity and displacement and only 20% of the
correct answer for kinematics graph.
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Table 3. Descriptive Statistic for MBT and PBT
Descriptive statistic
N
Mean
Max
Min
Standard Deviation

MBT
52
51.06
75.00
25.00
13.37

PBT
52
49.62
80.00
25.00
11.62

Table 4. The Distribution of Students’ Correct Percentage
Concept
Distance and Displacement
Velocity and Acceleration
Kinematics Graph

Correct Percentage
78.62%
57.39%
20.04%

Figure 1. Question on x-t Graph

experiences a downward gravitational acceleration
that makes its’ velocity decreases to zero at the
highest position. Once that condition is achieved, the
ball eventually falls down with the same downward
acceleration until it reaches the ground. Therefore,
the correct answer is D. In this question, only 4.35%
of the students arrived at either D or B, and none of
them chose the option E, as the opposite graph as
compared to the option D. More than half of the
students' preferred answer C and almost 40% of them
went to option A.
An independent t test was performed to assess if
there were differences in the scores of students using
PBT and MBT. The results are shown in Table 5.
The results of the comparison test showed that there
was no substantial difference between the students
who used PBT and MBT at both session 1 and
session 2 (p>0.05). In addition, the findings of the
study also revealed that there was no significant
difference in the scores of students who did PBT first
than MBT and those who did MBT first than PBT.
Table 5. Comparison of students’ score who used PBT and
MBT

Session 1
Session 2
Sequence

Figure 2. Question on v-t Graph

Figure 1 provides one of the sample questions,
which has been translated into English for positiontime (x-t), including the percentage of students’
responses for each answer option. The correct answer
to that question in option D. To arrive at this correct
answer, a student has to be able to read and
understand the x-t graph properly. Understanding the
meaning of the line of the graph is crucial. That way,
the student is able to interpret the graph to physical
meaning. Another way to understand this graph is to
transfer it to other kinds of representations, such as a
table. In this question, only 6% of the students
provided the correct answer. 63% of the students
chose to answer C. The students who picked the
choices A and B were only 16% and 10%,
respectively. Lastly, only two students decided
option E as their correct answer.
Another difficulty faced by students can be seen in
Figure 2. The correct answer for the question in
Figure 2 is D. In this case, a student has to
understand that when a ball is thrown upward, it
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Test
Format
PBT
MBT
PBT
MBT
PBT ->
MBT
MBT ->
PBT

N

Mean

SD

t

29
23
23
29

44.48
50.00
56.09
51.90

8.49 -1.82
13.31
11.97 -1.16
13.59

58

48.19

11.84 -1.20

46

53.04

12.88

p
0.08
0.25
0.05

Furthermore, the students’ responses on the
questionnaire items, after taking the MBT and PBT,
is depicted in Figure 3. Around 35% of the students
“absolutely agree” that MBT is easier than PBT, and
nearly 62% of them also “agree” on that question
(Q1). This trend is similar to the students’ opinion on
the animations in MBT; the majority of students feel
that the animations were exciting (Q2). Exactly the
same as in Q2, only 6% of the students had difficulty
with the language (Q3). 21% of the students stated
that the MBT was not suitable for summative,
formative, chapter exams, middle and final exams
(Q4). 19% of the students “disagree” that the MBT
questions were a lot easier than PBT (Q5). Precisely
a quarter of students considered that the animations
did not encourage them to figure out the problem
(Q6). In addition, Q2 and Q5 are the aspects in which
the students put their “absolutely agree” opinion,
reaching out 38%. Nearly three quarters of students
“agree” that the language in MBT was easy. No
students answered “absolutely disagree” for all the
questionnaire questions.
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Additionally, the students were also interviewed to
capture their opinion regarding the tests. Some of
their answers (translated in English) are as follows:
(1) “The MBT is easy because we there are moving
pictures in it that makes it easy to understand the
question,” (2) “Taking MBT is not boring,” (3) “The
pictures and animations are interesting, but not the
audio,” and (4) “In my opinion, doing test with
animation is enjoyful”

Figure 3. Students’ Responses on The Questionnaire on
Using PBT and MBT. Q stands for Question

The study is aimed to investigate the suitability of
MBT and PBT for kinematics assessment. From the
statistical analyses, it is revealed that both MBT and
PBT can be used for effective assessments. The
similarity of the students’ scores when taking the
MBT and PBT indicated that both assessment tools
have the same compatibility to measure students’
competency. Technically, in MBT, students can see
the visualization of the problems through animation,
which is not available in PBT [26]. Therefore, the
kinematics-related phenomena described in the
questions can be more easily understood by the
students when they face MBT. However,
understanding the questions alone is not enough to
make students correctly answer the questions. They
have to also understand the concepts well, otherwise,
they are not able to arrive at the correct option for
both MTB and PBT [27]. The students understand
the concepts of distance and displacement and
therefore obtain a good score. However, they acquire
adequate and poor understanding on velocity,
acceleration, and kinematics graph. Therefore, in
general, the students’ score for these kinematics tests
are relatively low. It is believed that the students felt
more difficult when the concepts were more
complicated. Since their understanding on the
velocity and accelerations was just in the upper
medium, then they had difficulty to correctly answer
the kinematics diagram questions. This is in line with
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other reports that kinematics graph is more difficult
to be understood by students [28] [ 29].
From the questionnaire results, it is known that
students put more interest in taking MBT than PBT.
As millennials, they are now more familiar with
computer and multimedia-based learning platforms
that provide many interactive features. Many
learning resources they find on their computer.
Students nowadays prefer to use e-books than real
textbooks and enjoy experiencing computer-based
than paper-based tests. According to Hao [30],
students emotionally tend to be more positive on
MBT when they have a choice of the learning or
assessment platforms. In addition, when taking the
exam using multimedia, students are able to use play
and pause buttons, which is not available in the PBT,
to understand the phenomena in the question [31].
This study recommends that MBT can be used as
an alternative to the PBT. The MBT is proposed not
only because it represents similar results as compared
to PBT, but it is also considered as one of the global
campaign [32] in reducing the use of paper. With
MBT, all that is required is the creativity of teachers
and the infrastructure of technology. Teachers and
educational practitioners should consider using MBT
as a method of question presentation that is not
monotonous. In addition, the students nowadays are
more familiar with the use of multi-media technology
for their learning experiences. The PBT is therefore
believed to meet the need of the 21st century
students’ need.
Since that the MBT and PBT provide the same
results for assessment and the students are more
interested in using MBT, then we suggest that this
kind of MBT can be used for today and future
assessment to replace the PBT. With MBT, many
advantages can be obtained, not merely in terms of
effectivity, but also the efficiency. The feedback
feature in the MBT makes it possible as a means for
either formative or summative assessments). With this
result, the MBT for other physics chapters can also be
developed. However, unlike PBT, we cannot evaluate
students' answer in detail in PBT. We can only see the
final answer, which is probably not based on the
complete analysis or calculation, but from the
student’s guess. For the best practice, there is a
chance to develop a multimedia-based assessment
that also captures students’ analysis before choosing
the final answer for every question.
4. Conclusion
The kinematics tests designed in multimedia format
(MBT) can produce results that are relatively the
same as kinematics tests in paper format (PBT). This
study also shows that MBT is more preferred by
students and is able to help them better understand the
purpose of the problem. Therefore, this kinematics
test can be used for both formative and summative
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purposes. In terms of kinematics conceptual
understanding, the MAN students, in this study, had a
good performance on the distance and displacement
concepts, adequate understanding on velocity and
acceleration, and poor competency on kinematics
graphs problems.
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