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Abstract 

 
This research aimed to improve students' graphical representation using the guided inquiry learning model assisted by the Tracker 
software. The method used in this research was a pre-experimental study with a one-group pretest-posttest design. The data 
collection techniques used were observation, interview, and tests. The sample for this research was students of science class X at 
Public Senior High School. The analysis techniques were carried out using Wilcoxon and N-Gain test calculations. The results of the 
research showed that the Wilcoxon test produced a significance, which means that there were differences in the guided inquiry 
learning model assisted by Tracker software to improve the graphical representation abilities of high school students on the Work 
and Energy topic. The N-Gain test indicated that more than half of the students achieved a high category, while only a small number 
obtained the low category. Moreover, the N-Gain results for the two-question item indicators showed that most students were in the 
medium and high categories. Thus, students' graphical representation abilities can be improved using the guided inquiry learning 
model assisted by the Tracker software.  
                 
Keywords: graphical representation ability, guided inquiry learning model, tracker software, work and energy topic. 

 

INTRODUCTION 
 

Physics is an important compulsory subject 
in high school. This is because physics is related to 
the application of various scientific concepts that 
can be found in everyday life. Physics is a science 
subject integrated with natural phenomena that 
occur in the environment and people’s behavior 
(Uralovich et al., 2023; Wardani & Sarjan, 2024). 
Therefore, it is important to provide physics topics 
to students. Studying physics is important for 
developing thinking skills and providing students 
with knowledge and understanding  (Sengul, 2024; 
Assem, Nartley, & Aidoo, 2023; Sudiartha, 2022). 

However, physics is still difficult for high school 
students (Wangchuk, Wangdi, Tshomo, & Zangmo, 
2023; Vicovaro, 2021). This is because physics 
requires persistence, precision, and much practice 
(Black, Matz, Mills, & Evrard, 2023; Kholilah, 
Pratiwi, Wahyuni, Yolviansyah, & Wicaksono, 
2021). Physics also contains complex formulas and 
calculations (Baran-Bulut & Yuskel, 2024; Algiranto, 
2022). Studying physics without understanding the 
concepts and their application in life makes physics 
topics difficult to understand (Azzahra et al., 2022; 
Hu, 2024). In this case, one of the fundamental 
problems is the lack of development of teaching 
materials (Michael, Uwaechia, Omowumi, 
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Chinenye, & Temitope, 2024; Wenno, Limba, & 
Silahoy, 2022). Apart from teaching materials, it is 
also necessary to use and develop appropriate 
learning models. Based on our literature study, it 
was found that some students had difficulties in 
learning physics (Liang, Zou, Xie, & Wang, 2023). 
Therefore, teaching materials and learning models 
are needed to make students interested and 
understand physics concepts (Hong & Lin-Siegler, 
2012). 

The learning model applied is one factor 
influencing the learning process. (Ernita, Muin, 
Verawati, Prayogi, 2021; Anwar, Yuliani, & 
Fatmawati, 2018). The learning models teachers 
use greatly influence the quality of learning from the 
aspect of student activity. The quality of learning 
depends upon activeness, enthusiasm, motivation, 
self-confidence, and learning outcome. (Regidor, 
Vesmanos, & Deguito, 2024; Telaumbanua, 2022). 
One learning model that is appropriate to be used 
in learning is guided inquiry. This is because the 
learning process requires students to carry out 
investigations directly. (Najwa, Gunawan, Sahidu, & 
Harjono, 2022). The guided inquiry learning model 
can train students' scientific processes through 
experimental activities. Based on research by  
Seprianingsih, Jufri, & Jamaluddin (2017). It is 
stated that the guided inquiry learning model is 
more effective in training and guiding students to 
discover a concrete concept and building a high 
mindset. Thus, this model is suitable for physics 
learning applications, focusing on experimental 
activities. (Wang, Guo, & Jou, 2015). Furthermore, 
learning models that involve technology can 
contribute to the learning process. (Guentulle, 
Munoz, Nussbaum, & Madariaga, 2024; Heswari & 
Patri, 2021). This is because education currently 
focuses on analyzing educational concepts 
influenced by the Industrial Revolution 4.0 (Azzahra 
et al., 2022; Sharma, Suri, Sijariya, & Jindal, 2023). 
Education in the era of Industrial Revolution 4.0 
utilizes digital technology in the learning process. 
(Sarker, Wu, Cao, Alam, & Li, 2019). The 
development of digital technology in the education 
sector has created easy access to teaching and 
learning activities. (Alieto, Abequibel-Encarnacion, 
Estigoy, Balasa, Eijansantos, & Torres-

Toukoumidis, 2024; Wahab, Sari, Zuana, Luturmas, 
& Kuncoro, 2022). One digital technology in the 
education sector that is appropriate to use is 
Tracker software. (Aprilia & Dwandaru, 2023; 
Chiriacescu, Chiriacescu, Miron, Berlic, & Barna, 
2020). 

Tracker software is an application for 
analyzing graphs. In simple terms, the Tracker 
software can track the movement of an object so 
that various information can be obtained, hence the 
object's motion can be analyzed. (Oktaviani, 
Wahyudi, & Abdurrahman, 2020). The tracking 
process of the object is done by recording the 
object's movement via video. The recording results 
can then be processed using the Tracker 
application. The results are graphs that 
automatically appear. This way, the various data 
displayed can be interpreted, making it easier for 
students to analyze the motion phenomena and 
produce graphs. Tracker software is suitable for 
physics learning and experiments. However, 
physics experiments in laboratories have been 
carried out conventionally or still use manual data 
collection methods. Carrying out experiments can 
be used to develop students' abilities in applying 
knowledge theoretically and practically. 
(Kurbanbekov et al., 2016). The Tracker software 
has been used for distance learning in advanced 
physics experimental subjects. (Pratidhina, 
Rosana, & Kuswanto, 2021). One phenomenon that 
can be observed using the Tracker software is the 
motion of an object on an inclined plane in the 
physics topics of Work and Energy. 

Work and Energy are physics topics that 
are important for students to understand because 
their applications are related to everyday life. The 
Work and Energy topics are physics materials 
considered difficult for students to understand 
(Ibrahim & Yusuf, 2019). Based on the results of 
observations in the field, it was found that physics 
learning about Work and Energy focuses more on 
equations or formulas. This indicates that students 
do not understand mathematical representations in 
physics material. Thus, a solution is needed to 
implement other representations, including a 
graphical representation. The graphical 
representation is used to help students better 
understand and interpret data. On the other hand, 
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graphical representation in the Work and Energy 
topics is still low, with the percentage of students 
who do not understand graphical representation at 
89.9%, and is still rarely applied in learning 
(Dienyati, Werdhiana, & Wahyono, 2020; Jatmika, 
Jumadi, Pujianto, & Rahmatullah, 2021; 
Pramadanti & Wahyuni, 2021; Purba & Werdhiana, 
2021). This also aligns with a study by Safitri & 
Zainuddin (2024) that shows students' graphical 
representation abilities in the Work and Energy 
topics are in the low category. Students are not 
used to reading and describing graphs, so they 
cannot represent them in other representations 
(Silaen, Sudjito, & Sudarmi, 2019). Based on this 
study, the graphical representation indicators used 
in this research are 1) interpreting graphs regarding 
the relationship between variables and 2) making 
graphs comparisons. Thus, this research aims to 
analyze students' graphical representation 
improvement using the guided inquiry learning 
model assisted by the Tracker software. 
 

METHOD 

The method used in this research was a pre-
experimental design. The pre-experimental design 
was an experimental design that only included one 
group or class that was given a pretest and a 
posttest. (Sugiyono, 2014). The research design 
was a one-group pretest-posttest design, an 
experiment carried out on one group without a 
comparison group. (Sugiyono, 2013). This research 
was conducted at Public Senior High School 3 
Yogyakarta on students of science class X. This 
research used one class as a sample, namely 
science class X Science 4, with a cluster random 
sampling technique of 24 students. This research 
began with a pretest and ended with a posttest to 
observe the improvement of students’ graphical 
representation abilities. The design scheme can be 
observed in Table 1. 
 
Table 1. Pre-experimental design scheme. 

Pre-test Treatment Post-test 
T1 X T2 

Note: T1 is the pretest before the treatment; X is the 
treatment using the guided inquiry learning model 

assisted by the Tracker software; and T2 is the posttest 
given after the treatment. 

The data collection techniques utilized were 
observation, interview, and tests. Moreover, the 
data processing and analysis techniques used in 
this research included the normality, difference, and 
N-Gain tests. A non-parametric difference test was 
used, namely the Wilcoxon test. (Rosyidah, Kusairi, 
& Taufiq, 2021). The difference test was supported 
by the N-Gain test, which was carried out to 
understand the magnitude of differences in 
students' graphical representation abilities. The N-
Gain test was analyzed using the Hake (1998) The 
equation is as follows 

〈g〉  =
〈xposttest〉 − 〈xpretest〉

xmax − 〈xpretest〉
,          (1) 

where 〈xposttest〉, 〈xpretest〉, and 

xmax  represented the average posttest, average 
pretest, and the maximum scores, respectively, the 
N-Gain test results were categorized according to 
Table 2. 
 
Table 2. N-Gain interpretation value (Hake, 1998). 

N-Gain Value Interpretation 
-1.00 < 〈g〉 < 0.00 A decrease occurs 

〈g〉 = 0.00 No increase 

0.00 < 〈g〉 ≤ 0.30 Low 

0.30 < 〈g〉≤ 0.70 Medium 

0.70 < 〈g〉 ≤ 1.00 High 

 
RESULTS AND DISCUSSION 

 
The difference test is determined by first 

carrying out the normality test. The results of the 
normality test can be observed in Table 3. Based on 
the aforementioned table, it is obtained that the data 
are not normally distributed. This is because the test 
results have a significance value of < 0.05. Thus, 
the data in this study cannot be analyzed using the 
parametric tests. Thus, the difference test is carried 
out using the Wilcoxon test. The Wilcoxon test 
results can be seen in Table 4. 
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Table 3. Normality test results. 
Normality test Sig. Category 

Pretest  0.029 
Not normal Posttest  0.001 

 
Table 4. Wilcoxon test results. 

 Posttest-pretest 
Z -4.299 

Asymp Sig. (2-tailed) .000 
 

Based on Table 4, the results of the 
Wilcoxon test analysis show that the significance 
value is < 0.05 according to the test criteria if Asymp 
Sig. (2-tailed) is smaller than 0.05. Thus, this 
analysis means that the guided inquiry learning 
model assisted by Tracker software makes a 
difference to students' graphical representation 
abilities on the Work and Energy topics. Next, 
analysis of the difference in scores between the 
pretest and posttest to support the difference test 
can be observed from the N-Gain value. The N-
Gain results can be given in Figure 1. The N-Gain 
criteria are obtained from Table 2 according to Hake 
(1998). Every student who takes the pretest and 
posttest is classified into one of these categories, 
namely high, medium, and low. Most students fall 
into the high N-Gain category, with a percentage of 
58%. Meanwhile, students in the medium and low 
categories have 38% and 4%, respectively.  

Finally, the average posttest score of 82.9 
is higher than the pretest average score of 41.7. 
The results of the pretest and posttest scores can 
be observed in Table 5. 
 
Table 5. Pretest and posttest results. 

Parameter Pretest Posttest 
Lowest value 10.0 60.0 
Highest value 80.0 100.0 

Average value 41.7 82.9 
 

 Learning observation in the class shows 
that students initially do not understand the Tracker 
software. Hence, an explanation and example of 
how to use the Tracker software are provided. In a 
relatively short time, the students can master and 

operate the Tracker software. This happens to most 
students, and only a few still do not understand the 
Tracker software. This fact supports the N-Gain 
results: around 58% of students obtain the high 
category, and only 4% obtain the low category. This 
is according to a study by Nurjannah, Nyeneng, & 
Wahyudi (2021) That practical online learning using 
Tracker software on the Elastic Collision topic, 
partly based on guided inquiry, can improve 
graphical interpretation and increase the N-Gain 
value of 0.39 in the medium category. 
 

 
Figure 1. Students’ N-Gain results. 

 
Two graphical representation indicators are 

used in this research, namely 1) interpreting graphs 
related to the relationship between variables, and 2) 
making comparisons of a graph. Analysis of the 
graphical representation indicators is carried out 
using the N-Gain test. Every student who answers 
the questions on the first and second indicators falls 
into one of the categories, namely: high, medium, 
no increase, and decrease. The first indicator of 
students is categorized into four categories: 
decrease, no increase, moderate, and high, with 
percentages of 13%, 13%, 54%, and 21%, 
respectively. Meanwhile, the second indicator of 
students is categorized into three categories: no 
increase, medium, and high, with percentages of 
4%, 13%, and 83%, respectively. Thus, most 
students fall into the moderate N-Gain category in 
the first indicator, with a percentage of 54%. 
Meanwhile, in the second indicator, most students 
fall into the high N-Gain category, with a percentage 
of 83%. This can be observed in Figure 2. 

 

Low 4%

Medium
38%

High
58%

Low Medium High
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Figure 2. N-Gain results for each indicator. 

 
Based on Figure 2, the N-Gain results are 

obtained for each question item indicator. It may be 
observed that the second indicator experiences a 
higher increase compared to the first indicator. 
Some students fall into the category of decrease, 
and no increase, with a percentage of 13%. This 
indicates that the first indicator item, namely, 
interpreting graphs related to the relationship 
between variables, still needs to be improved. 
Moreover, the high category of the question 
indicator 2 compared to the moderate category of 
question indicator one indicates that comparing 
graphs is easier than interpreting graphs. This 
means that students can compare graphs rather 
than interpret them. Higher thinking skills are 
needed in interpreting graphs rather than 
comparing them. 

The results of the Wilcoxon and N-Gain 
tests are also supported by various documents on 

learning implementation, which can be observed in 
Figure 3. Figure 3(a) shows the enthusiasm and 
attitude of students in following the explanation 
about the Tracker software (Aprilia, Kuswanto, & 
Dwandaru, 2023). The video used in operating the 
Tracker software is obtained from the practicum 
process, which can be observed in Figure 3(b). This 
video data collection occurs briefly, so the video 
data is obtained within a few seconds. Besides 
these documentations, the interview results with the 
students further support the above analysis, e.g., 
“We are very amazed and happy that nowadays 
there is technology as fast and sophisticated as this 
(Tracker software). We become more efficient at 
observing and searching for components of motion. 
We can search for the necessary graphs and 
components by entering the video and formula. We 
are delighted with this technology.” 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Decrease exhibited No increase exhibited Medium High

13% 13%

54%

21%

0%
4%

13%

83%

Question Indicator 1 Question Indicator 2
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                                (a)                                                                    (b) 

 
(c) 

Figure 3. Documentation of learning activities: (a) Tracker software explanation, (b) inclined plane 
practicum experiment, and (c) presentation of the practicum results. 

 
The video is analyzed using the Tracker 

software, and the data are then obtained in the form 
of various graphs, i.e., force (F), potential energy 
(Ep), kinetic energy (K), mechanical energy, and 
power (P). The results of students' analysis using 
the Tracker software can be seen in Table 6. The 
students’ analysis results are in the form of graphs 
with various variable relationships. Students 
produce five graphs using the Tracker software, i.e., 
F vs length (L); Ep vs time (t); K vs t; K vs Ep; and P 
vs t. All the graphs students obtain are based on the 
physical properties of an object moving on an 
inclined plane. In this case, students can produce 
the graphs utilizing the Tracker software. However, 
it is still a challenge for students to interpret the 
graphs. Finally, students write a practicum report in 
groups by explaining the meaning of the graphs 
obtained and then presenting the report's results as 
observed in Figure 3(c). Based on the output results 
from the Tracker software, students can be trained 
to have the ability to represent mathematical 

equations in graphical forms, which are then 
discussed verbally. 

The previous explanation of the Wilcoxon 
and N-Gain tests shows differences in the pretest 
and posttest comparison results of students' 
graphical representation abilities on Work and 
Energy topics using the guided inquiry learning 
model assisted by the Tracker software. This is also 
supported by an example of written pretest and 
posttest answers for each question item, which can 
be observed in Table 7. Based on Table 7, it may 
be observed that the pretest answers tend to be 
short and shallow, e.g., “changes irregularly”; “x and 
y change together regularly”; and “graph a is stable 
while graph b is unstable”. Hence, students are 
initially unable to interpret and compare graphs. On 
the other hand, the posttest answers are longer and 
show the student’s effort in interpreting and 
comparing graphs, e.g.: “The graph increases and 
forms a curve, meaning that as the value of x 
increases, the value of y increases with the ratio of 
x and y changing”; and “The graph of the results of 
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the practicum (b) is fluctuating compared to the 
graph of the theoretical results (a) caused by 
several factors during the practicum such as 
inefficiency or accuracy of the tools and 
implementation of the practicum. However, overall, 
the graph of the practicum results tends to increase 
and is similar to the graph in theory (ideal results). 

Therefore, students can interpret and compare 
graphs through the guided inquiry learning model 
assisted by the Tracker software. This is by a study 
conducted by Matuk et al. (2019), where authentic 
inquiry learning supports students’ understanding of 
graphical representations.    

 
Table 6. Analysis results using Tracker software. 

Variable 
relationships 

Graphic Image Results 

F vs L 

 

L does not affect the force of 
the ball. This is because the 
force of the ball is constant as it 
rolls downwards (it is a type of 
free-fall movement). 

Ep vs t 

 

As the object moves downward, 
the EP decreases (according to 
the law of conservation of 
mechanical energy). So, with 
the increase in t, the Ep 
decreases. 

K vs t 

 

As the object moves downward, 
K increases. So, with the 
increase in t, the K increases. 

K vs Ep 

 

Ep and K are related to each 
other. As the object moves 
downward, the ratio of K vs Ep 
increases from A to B. As K 
increases, Ep decreases; 
hence, K vs Ep increases. 
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Variable 
relationships 

Graphic Image Results 

Power (P) vs t 
 
 

 
 

As the object moves downward, 
the more P is used. This means 
that as t increases, P also 
increases. 

Table 7. Pretest and posttest comparison results. 
Question Pretest 

1 

 

2 

 
 Posttest 

1 

 

2 
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CONCLUSION  

 
It can be concluded that the guided inquiry 

learning method assisted by Tracker software on 
the Work and Energy topics can improve students’ 
graphical representation skills. The result of the 
Wilcoxon test shows a significance value of < 0.05, 
which means that there are differences in the 
guided inquiry learning model assisted by Tracker 
software to improve graphical representation skills 
of senior high school students on Work and Energy 
topics. Meanwhile, the results of the N-Gain tests 
show that there are three categories achieved by 
students, namely high, medium, and low, with 
percentages of 58%, 38%, and 4%, respectively. In 
addition, the results of the N-Gain analysis on the 
first and second indicators produce the highest 
percentages, with 54% of students in the medium 
category and 83% of students in the high category, 
respectively. Through this learning model, students 
look enthusiastic in learning the Tracker software, 
doing inclined plane practicum, and presenting the 
practicum results in front of the class. For further 
study, it is necessary to do research by adding a 
comparison (control) class to ensure the results 
obtained come from the variables studied and to 
determine the study's effectiveness.  
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