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Abstrak

Pembelajaran fisika merupakan pembelajaran berbasis keterampilan proses. Salah satu keterampilan proses sains yang
harus dikuasai siswa adalah literasi grafis. Materi gerak jatuh bebas merupakan pelajaran yang menuntut siswa memiliki
keterampilan literasi grafis, namun fakta di lapangan menunjukkan bahwa tidak sedikit siswa yang mengalami kesulitan
dalam membaca dan mengelola informasi berbasis grafik. Penelitian ini bertujuan untuk menganalisis peningkatan literasi
graf siswa yang dilakukan di SMA. Subyek penelitian adalah siswa, sampel penelitian berjumlah 21 siswa kelas X MIA.
Menggunakan metode kuasi eksperimen dengan pendekatan kuantitatif, one group pre-post test design. Instrumen penelitian
menggunakan soal pretest dan posttest, modul, dan LKS. Analisis data menggunakan software JASP untuk mendapatkan
hasil t-test dan ngain. Hasil penelitian menunjukkan bahwa terdapat perbedaan yang signifikan kemampuan literasi grafis
siswa sebelum dan sesudah menggunakan video tracker yang ditunjukkan dengan hasil uji-t sampel berpasangan dengan
nilai sig. (P) 0,001 < 0,05. Setiap indikator literasi grafis siswa mengalami peningkatan meskipun tidak semuanya berada
pada kriteria tinggi. Penguasaan literasi sains siswa dapat dengan mudah menyelesaikan soal-soal tentang gerak lurus
beraturan.

Kata kunci: Desain Pembelajaran, Gerak Jatuh Bebas,Tracker, Litersi Grafik

Abstract

Physics learning is process skill-based learning. One of the science process skills that students must master is graphic
literacy. The material on free fall motion is a lesson that requires students to have graphic literacy skills, but the facts in the
field show that not a few of the students have difficulty reading and managing information based on graphs. This study aims
to analyze the improvement students' graph literacy, which was conducted at Senior High School. The research subjects
were students, the research sample amounted to 21 students of class X MIA. Using a quasi-experimental method with a
quantitative approach, one group pre-post test design. The research instruments used pretest and posttest questions, modules,
and LKS. Data analysis using JASP software to get t-test results and Ngain. The results showed that there was a significant
difference in students' graphic literacy skills before and after using the video tracker as indicated by the results of the paired
samples t-test at a sig value. (P) 0,001 < 0,05. Each indicator of students' graphic literacy has increased even though not all
are at high criteria. Students mastery of science literacy can easily solve problems about regular straight-line motion.
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1. INTRODUCTION

Physics learning is concept-based learning and process skills, process skills are a
learning approach that aims to develop physical and mental abilities as a basis for developing
other abilities contained in students, these process skills are known as science process skills.
One of the science process skills that students must master is graph literacy, for example,
interpreting graphs is important in physics because graphs are tools used in presenting ideas
(Amelia et al., 2020; Tamyiz et al., 2020; Wityanita et al., 2019). The facts of the Program
for International Student Assessment (PISA) study results in 2015 show that the achievement
of Indonesian children in the field of science is still below the average international score of
403 out of 493 and out of 76 countries, Indonesian children ranked 69th, which is up six
ranks after previously ranking second lowest in the 2013 PISA ranking. One of the test
indicators in it is interpreting data and graphs, but Indonesian students have difficulty
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answering questions about data and graph interpretation (Hewi & Shaleh, 2020; Raflesiana et
al., 2019).

The difficulty so far faced by students in high school to university students is the
difficulty in reading and interpreting graphs. There have been many previous studies related
to students' ability to read and interpret graphs. The results of research by previous study
showed that students' graph reading and graph interpretation skills are still inadequate,
besides that proficiency in analyzing graphs depends on the type of graph and the level or
type of question developed (Purwana et al., 2020). The results of research by other study
found that students have difficulty in reading, interpreting, and understanding the information
depicted in the graph (Setyono et al., 2016). Research conducted by other study revealed the
ability to interpret thermodynamic graphs of students at the high school level (Martin et al.,
2017). In addition, the results of research conducted revealed that the average percentage that
the conception of class X students for the concept of the kinematics of straight motion was
50.00% leading to misconceptions, while students with good understanding, answering
correctly by guessing and having less knowledge were 21.67%, 10.42%, and 17.50%
respectively (Huzainah et al., 2020). The ability to interpret graphs is needed so that we can
get the right information from the data presented (Mustain, 2015; Nazriana, 2017; Purwana et
al., 2020).

Based on the results of the literature, many efforts have been made by other
researchers to improve students' ability to read graphs, but from previous studies, no one has
used the help of tracker software media to improve graph literacy. The results of previous
researchers' research show the same thing that students' graphic literacy skills consisting of
several indicators have not been fully mastered by students. In particular, MAN 3 Mataram
students have not been able to fully master the understanding of graphic literacy which can be
seen from the results of the low daily test scores of free fall motion material which is below
the KKM because the teacher still uses conventional learning methods. Seeing the above
conditions, researchers need to conduct a study on the learning design of free fall motion
assisted by Tracker Software to improve graphic literacy.

The use of Tracker video analysis software can facilitate students in practicum
activities. This is supported by preliminary research conducted by the author on mechanics
practicum with the acquisition of relative errors in straight motion experiments at 0.38%,
parabolic motion experiments at 1.75%, and simple harmonic motion experiments at 5.32%.
This value shows that the results obtained are more precise (Amanda et al., 2022; Raflesiana
et al., 2019). Through tracker activities, analyzing a phenomenon of experimental results can
be done easily and accurately. The results of video analysis using Tracker are in the form of
tables and graphs so that students can draw conclusions based on statistical data obtained
from the Tracker software (Nurjanah et al., 2021; Sari & Putra, 2022). Because the
information shown by the tracker is in the form of tabular data and graphs, students can
become literate about graphs. In addition to data tables and graph information, trackers can
also display data in the form of images and mathematical equations (Khotijah et al., 2019;
Subhan et al., 2020).

Experiments conducted in the form of videos can maximize student involvement in
the learning process because it prioritizes activities so that students can become more active
where students are required to gain direct experience and discover their knowledge (Hardi et
al., 2019; Istigomah & Lubis, 2023). Tracker is a free software designed to use video
recordings of an object's motion phenomena as input data, so it can be used to analyze and
simulate physical phenomena (Amanda et al., 2022; Melinia et al., 2021). This Tracker
software allows students to analyze the motion of objects in a video by making traces
following the motion of objects in the video.
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Obijects dropped from above will fall to the earth because the object gets gravitational
acceleration (g) whose direction always goes to the center of the earth (Bara, 2021; llma et
al., 2022). Free fall motion is one of the natural phenomena studied in physics, the movement
of objects in free fall is the simplest and most common example of motion with changing
speed (Agustinasari & Sumarni, 2021; Atani et al., 2019). Free fall motion is an example of
straight-line motion. An object is said to be in free fall if it is released from a certain height
toward the ground with no initial velocity (Futra et al., 2022; Ristiawan, 2018; Sukadi &
Angraeni, 2019). In general, the material of free fall motion and straight motion changes
regularly is a scope of motion or kinematics material that presents information or displays
problems using graphs, therefore students must have graphic literacy skills.

Graph literacy is the ability to read, write, understand, express, and analyze an outline
or image used to create visualization objects from data in tables to provide information about
data from the presenter of the material to the recipient of the material. Defining graph literacy
as the ability to understand graphical representations emphasizes that graphs are ubiquitous in
various data sources (Aoyama & Stephens, 2003; Harsh et al., 2019). Graphic literacy is not
only the ability to draw and read diagrams correctly but also shows the level of knowledge of
students. (Harsh et al., 2019; Ozodovich, 2021). According to previous study graphs are often
considered as mathematical aids, because communicating through graphical representations
requires mathematical competencies such as visual perception, logical thinking, plotting data,
predicting line movements, and inferring relationships between variables (Yildirim, 2016).
The eight graphic literacy indicators used by researchers that can represent the scope of
graphic literacy, namely: 1) Mathematical Competence; 2) Translation (ability to translate);
3) Mentioning the parts of the graph; 4) Explaining the meaning of lines in the coordinate
axis; 5) Changing the table into a graph; 6) Interpretation (ability to interpret); 7) Reading
and making tables; 8) Drawing graphs based on data.

Seeing the above conditions, the researcher needs to conduct a study on the learning
design of free fall motion assisted by Tracker Software to improve graphic literacy. From
this, the objectives of this study are: 1) to analyze the difference in students' graphic literacy
skills before and after using Tracker Software, and (2) to analyze the increase in students'
graphic literacy skills.

2. METHODS

This study used a quantitative approach with a quasi-experimental method with a one-
group pre-post test design (Sundayana, 2018). Research subjects The students of MAN 3
Mataram class X MIA amounted to 21 people (12 girls and 9 boys). The research instruments
used were modules, LKS, and tests (pre-test and post-test). The test instrument was used to
measuring the extent of students' graphic literacy both before and after treatment. Data
collection is carried out by the test method (multiple choice and essay) mastery of graphic
literacy. All test instruments were validated for content, language, and technology before use.
The material given in the test questions includes regular straight motion, and regular
changing straight motion in free fall motion, each of which represents an indicator of graphic
literacy. The research stages are presented in Figure 1.

The first step in Figure 1 shows that researchers compiled a learning design in the
form of a practicum module assisted by Tracker Software as a guide for students to
understand the concept of free fall motion, how to use Tracker Software for practicum, and
understand graph literacy, Interpretation, and Solution student worksheets to direct students
to do practicum and indicators to be achieved in the process of practicum activities.
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Figure 1. Research Chart

The second step is that students and teachers carry out the teaching and learning
process for three meetings by conducting a practicum. In the first meeting students are given
a pre-test question consisting of 11 numbers (essay and multiple choice) to measure students'
initial graphic literacy, then students are given a module in the teaching and learning process
in which there is free fall motion material, how to use trackers software, and the graphic
literacy process. Furthermore, students will conduct a practicum on free fall motion material
with the help of tracker software with the guidance of modules and student worksheets.

The third step is carried out in the third meeting where students are given post-test
questions as a form of evaluation to determine the improvement of students' graphic literacy
after the learning and teaching process, as well as taking data on the results of the post-test
done by students.

The last step is that researchers analyze the nature of data distribution and normality.
Inferential statistics of normal data and then use paired sample t-tests to determine the
difference in students' graphic literacy skills before and after treatment. Data analysis,
normality, harmonicity, and t-test use the help of JASP software to ensure the validity of the
data analysis process. Meanwhile, to determine the improvement of students' graphic literacy,
the calculation was carried out using the N.gain formula between the pre-test and post-test
through the equation. The decision-making criteria for the graphic literacy improvement
category in the interpretation of N-gain iS shown in Table 1.

Table 1. N-Gain Interpretation Criteria

N-Gain (Q) Interpretation Criteria
0,70 <(g) High

0,30 <(g)<0,70 Medium
(g) <0,30 Low

3. RESULTS AND DISCUSSION

Results
Based on the pre-test and post-test data, the students' graphic literacy achievements
before and after treatment are shown in Table 2.

Table 2. N-Gain value

Literacy Aspect Graph Pre-test Post-test N-Gain Description
Indicator 1 (Mathematical 45.83 85.12 0.73 High
competence)

Indicator 2 (Translation) 23.81 77.38 0.70 High

Indicator 3 (Mentioning the 50.00 90.48 0.81 High
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Literacy Aspect Graph Pre-test Post-test N-Gain Description
parts of the graph)
Indicator 4 (Explaining the 23.81 50.00 0.34 Medium

meaning of lines in
coordinate axes)

Indicator 5 (Converting a 55.95 88.10 0.73 High
table into a graph)

Indicator 6 (Interpretation) 90.48 95.24 0.50 Medium
Indicator 7 (Reading and 66.67 80.95 0.43 Medium
making tables)

Indicator 8  (Drawing 42.86 64.29 0.38 Medium

graphs based on data)

The increase in scores on the Literacy Graph indicator or aspect can be seen from the
graphical display in Figure 2.
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90,48 90,41
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90 85,12 88,10
80 77,38
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% Achievement of graphic literacy

= Pre-test
Aspects of Graphic literacy

® post-test

Figure 2. Graph of the results of the pre-test and post-test of the Graph Literacy Indicator

Base on the pre-test and post-test result obtain as show in Figure 2. The normality test
on the data of the pre-test and post-test results is show in Table 3.

Table 3. Normality Test Results

Test of Normality (Shapiro-Wilk)

W P

Pre-test Post-test 0.962 0.565

Based on Table 3, the normality test uses the Shapiro-Wilk technique where the sig
value for the pre-test and post-test is 0.565 which is above the standard significance of 0.05
so that the data from the pre-test and post-test are normally distributed. Therefore, the paired
sample t-test is fulfilled to determine the difference in means. The results of the paired
sample t-test data analysis using JASP can be seen in Table 4.

Table 4. Paired Samples T-Test Results

Paired Samples T-Test
Measure 1 Measure 2 T Df P
Pre-test Post-test -5.931 20 0.001
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Guidelines for decision-making in the paired sample t-test based on the significance
value (sig) where HO indicates there is no difference in mean between the pre-test and post-
test, and Ha indicates there is a difference in mean between the pre-test and post-test. Based
on the results of the Paired Samples t-test on the sig value. (P) 0.001 <0.05 then HO is
rejected and Ha is accepted, meaning there is a difference in students' graphic literacy.

Discussion

Based on the results of the calculation data using the N-Gain formula in Table 2, it
can be seen that the highest value is found in the 3rd indicator, namely mentioning the parts
of the graph with an N-Gain value of 0.81. The lowest or minimum value is in the 4th
indicator with a value of 50.00, namely explaining the meaning of lines in the coordinate
axis. Some indicators include indicator 1 with an N-Gain value of 0.73 with high information,
followed by indicator 2 with a value of 77.38, high and indicator 5 with a value of 0.73,
indicators 6 and 7 with a value of 0.50 and 0.43 with medium information, and indicator 8
value of 0.38 with medium information. From the results of the N-Gain value, we can
conclude that 8 indicators have increased, which are divided into several improvements: high
(indicator 1, indicator 2, indicator 3, and indicator 5), and there are some that are the medium
category (indicator 4, indicator 6, indicator 7, and indicator 8) (Soeprajogo; Purnama &
Ratnaningsih, 2020).

The researcher also displayed a graph of the pre-test and post-test results to show the
difference between before and after treatment. The graph shows the results of the
achievement per literacy aspect of the graph, the initial ability of students in indicator 1 of
mathematical competence. The ability to answer student questions from the results of reading
the graph, with a pre-test score of 45.83 and a post-test of 85.12, increased with high criteria,
a significant change, students already have a fairly good initial ability, and after being treated
with the ability of students to increase on the variables (information) on the x and y axes and
the use of the right formula to solve cases on the graph. Students become accustomed to
answering problems represented by graphs, especially the material of regular straight motion
and regular changing straight motion, free fall motion.

This statement is inversely proportional to the results of research by previous study
that low-ability students only fulfill the mathematical representation indicators of solving
problems involving mathematical expressions and writing down the steps of solving
mathematical problems in words (Hakim et al., 2019). The increase experienced by students
is an indicator of mathematical competence because all students have been able to read the
information on the graph and use the right formula to solve the problem because they are
used to reading and extracting information/data from the graph in the tracker software so that
students are accustomed to answering math problems with graphs and data displays. Students
have no difficulty in determining the use of the right formula in the material content because
students have mastered it.

Indicator 2 regarding translation (ability to translate) is the ability of students to read
and translate the meaning of the graph, with a pre-test of 23.81 and a post-test of 77.48.
Although there is an increase in graphic literacy which is in the high category, students still
find it difficult to explain the relationship between the lines and how the meaning of the
connecting points between the x-axis and y-axis on the graph. Students are still unable to
explain the information on the x-axis and y-axis and the meaning of the information on the x-
axis and y-axis to interpret the graph based on this information. In line with the results of
research conducted by previous study student's ability to read graphs is quite good, student
understanding is above 50% (Purwana et al., 2020). With the help of software tracker
analysis, students are much easier to read and translate the graph, because all information is
presented in the form of graphs, so students are accustomed to solving problems and finding

377



Anwar et al.

information through graphs on software trackers, and researchers also carry out activities to
increase students' understanding of graph literacy, starting from reading variables on the x-
axis and y-axis, the meaning of coordinate growth, and the easiest information to translate
graphs through graph names.

Indicator 3 mentions the parts of the graph, with a pres-test of 50.00 and a post-test of
90.48 changes that are in high criteria. On average, students already understand and can
mention the parts that are on the graph. For example, the name on the graph by being able to
distinguish which variable (information) is the x-axis and which variable is the y-axis.
Meanwhile, according to previous study the mistakes that many students make are not
writing the name of the graph or not giving an explanation on the x-axis and y-axis, because
most students do not understand how to explain the graph (Tamyiz et al., 2020). The same
difficulties were experienced by students at the beginning of the pre-test, but when the
researcher conducted repeated training in reading and mentioning the parts of the graph,
starting from giving the name of the graph by paying attention to the information on the x-
axis and y-axis, providing information for the x-axis and y-axis, according to the information
obtained, and the graph displayed on the tracker software greatly helped improve students'
understanding of mentioning the parts of the graph.

Indicator 4 explains the meaning of lines in the coordinate axis pres-test achievement
score of 23.81 and post-test 50.00, an increase that is at a moderate level. The initial ability of
students and after being given treatment in the form of teaching and learning processes and
practicum did not experience a good improvement. The greatest difficulty experienced by
students is explaining how the purpose and purpose at the connecting points between the x-
axis and the y-axis, in this case, most often presented in graphs, namely free fall motion
material, for example, coordinate points show that objects have fallen with a height of 2
meters takes 3 seconds, things like this that have not been mastered by students. In line with
the results of research stated that students' abilities were not good in making graphs, had
errors in naming coordinate axes, were not good at placing point positions, and did not know
how to name curves on the graph (Hakim et al., 2019). But with the help of a simple graphic
display on the tracer software and the data displayed is very simple, and complete, it can
make students experience an increase with moderate criteria.

Indicator 5 converts tables into graphs, pres-test 55.95 and post-test 88.10 changes
are in a high position. The initial ability of students is good but there are some things that
students do not understand, especially determining the variable (information) which becomes
the x-axis and becomes the y-axis, most students make mistakes between the variable
(information) which becomes the x-axis and the y-axes is wrong most of the titles given on
the graph are also reversed, and connect the points or deduce the lines in the table. The thing
that students master the most is to give a numbering for the x-axis and y-axis of the table
given, after being given treatment students master all the things that are an obstacle except
deducing the coordinate line on the graph. While according to previous study students' ability
to make graphs is unsatisfactory, where there is little or no understanding of the concepts, the
explanations made are not satisfactory, and the graphs drawn are not precise. Most students
can make kinematics graphs, but they are still relatively low (Tamyiz et al., 2020). Again, the
increase in student understanding is at a high criterion compared to previous research results
with unsatisfactory/low student ability. The tracker software not only presents data in the
form of graphs but also tables. One practicum activity with tracker software will present a lot
of data, ranging from graphs and tables, so that during the implementation of the practicum
students easily understand tables and graphs simultaneously or at one time.

Indicator 6 interpretation (ability to interpret), with a pres-test of 90.48 to a post-test
of 95.24. Being in the medium improvement criteria, students' initial ability to interpret the
graph is quite high. Meanwhile, according to previous study the ability of high school
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students to interpret numerical graphs of regular straight motion - regular changing straight
motion is categorized in the low category (Gebre, 2018). This is similar to that expressed by
other study that students' difficulties in connecting graphs are interpreting changes in height
and changes in slope (Bollen et al., 2016). And continued by previous study that found the
average graph problem-solving ability is still low with the percentage of each ability starting
with graph interpretation ability (48.30%) (Setyono et al., 2016).

Indicator 7 reads and makes tables, pres-test 66.67 and post-test 80.95 there is the
same improvement as indicator 6 which is moderate. The initial mistakes made by students in
making tables from the data obtained students always forget to make the first row for the
table is numbering, and for the second row and so on students already understand what is the
3rd row and so on from the information obtained. As previously known that there are many
data results displayed by tracker software, one of which is graphs and tables, students do one
activity but get a lot of data and knowledge in one tracker software display. Making it easier
for students to understand many things in one activity, tracker software makes time much
more flexible, because it can get a lot of information in just one activity.

As well as indicator 8 drawing graphs based on data, the pres-test was 42.86 and
became a post-test of 64.29 a moderate increase. In contrast to making graphs from tables,
making graphs from tables is quite easy because the table has provided sufficient data and is
easy for students to understand, unlike the raw data presented in the form of a problem and
then determining which one will be used as the x-axis and which one will be used as the y-
axis, in this case, students have mastered which one is dependent and independent. Again, the
note for students is to deduce the coordinate line. Meanwhile, according to previous study
making velocity graphs against time, most of the majority are also at level 2 of the maximum
score of 4, namely 33.7%, and for making acceleration graphs against time, most students are
at level 1 of the maximum score of 4, namely 37.37%. This means that this study shows that
students' ability to make kinematics graphs is still relatively low (Tamyiz et al., 2020).

Based on these comparisons students' ability to make graphs based on data increases
due to the teaching and learning process and practicum using tracker software which will
make students understand much better in making graphs, researchers also emphasize
information that students must pay attention to the data obtained to make graphs. The
improvement is experienced because students are accustomed to reading graphs from the
results of the tracker software and exercises carried out by students in understanding how to
make good and correct graphs based on the information obtained. Researchers realized that
several indicators of graphic literacy were still incomplete or did not experience significant
improvement, such as the indicator Explaining the meaning of lines in the coordinate axis,
the Interpretation indicator (the ability to interpret, the indicator Reading and making tables,
and the indicator Drawing graphs based on data, therefore this is a note for further research.

4. CONCLUSION

Based on the results of the study, it can be concluded that: there is a significant
difference in students' graphic literacy skills before and after learning to use tracker software.
There is an increase in students' graphic literacy where in the mathematical competence
indicator, the translation indicator (the ability to translate), the indicator mentions the parts of
the graph, and the indicator converts the table into a graph, is in the high category, while in
the graphic literacy indicators that are still incomplete or do not experience significant
improvement, such as the indicator Explaining the meaning of lines in the coordinate axis,
the Interpretation indicator (the ability to interpret, the indicator Reading and making tables,
and the indicator Drawing graphs based on data is in the medium category.
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