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ABSTRACT 

 
The generic science skills are the fundamental abilities that must be possessed by every student who studies 
science. This ability consists of direct observation, indirect observation, symbolic language, logical inference, 
causal relations, mathematical modelling, and construct concepts. This study only focused on indicators of 
symbolic language, causal relationships, and mathematical modelling. This research is a correlation study that 
aims to determine the relationship between symbolic language abilities and causal relationships on mathematical 
modelling abilities in physics subjects. The study results indicate a ‘sufficient’ relationship between symbolic 
language abilities and causal relationships to mathematical modelling abilities in physics subjects. Suggestions for 
further researchers are that the learning process should focus on the science process, which needs to guide 
students to develop their generic abilities in science, especially physics. 
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1. INTRODUCTION 
 
The purpose of education is to build or form 
humans who know. Through the knowledge 
possessed by each individual, it is hoped that it 
can change the mindset and human skills for the 
better (Bahri et al., 2020). Following the National 
Long-Term Development Plan from 2005 to 2025, 
education is directed to respond to globalization 
and the needs of national development in order to 
increase the nation’s competitiveness. Therefore, 
education in Indonesia must be directed to meet 
the needs of national development (D. K. Sari et 
al., 2018) in the era of the industrial revolution 
4.0. 
 
Education and curriculum have a very close 
relationship. The quality of education depends on 
the curriculum applied (Widodo & Sriyono, 
2020). Therefore, the two are inseparable. The 
presence of the 2013 curriculum is a solution to 
meet educational needs in this era (Sartika, 2019; 
Davidi, 2021). The approach to the 2013 
curriculum is more complex than the previous 
curriculum applicable in Indonesia based on the 
creativity of students (Dinata et al., 2020). So that 
students are trained in their skills in solving 
various problems. 
 
Concerning the importance of skills in learning 
physics apart from aiming at building knowledge, 
learning physics also basically involves the active 
activities of students to build basic abilities/skills 
for scientific work (Agustin et al., 2019; Lestari et 
al, 2018). For example, in the physics learning 
process, students are expected to conduct 
experiments (practicum) and understand the 
generic abilities of existing science. As a teacher, 
it is deemed necessary to prepare students to 
develop basic thinking patterns towards higher 
thinking patterns (D. Sari et al., 2019; Sutarno, 
2011).  
 
This mindset is not considered seriously by the 
teacher because of the ignorance factor. Under the 
results of observations in several high schools in 
Kupang City, the way teachers teach science 
material, especially physics, only focuses on 

memorizing concepts, memorizing formulas and 
practising math problems. This problem is the 
cause of the low quality of learning. In line with 
that, the Program for International Student 
Assessment (PISA) survey in 2018 showed that 
the results of the analysis of science scores for 
Indonesia were 396 (OECD, 2018). This result 
shows a decrease compared to 2015, 403 (OECD, 
2015). These facts are essential homework for the 
government and education practitioners in 
improving students’ scientific literacy in 
Indonesia. It should be noted that the 
characteristics of the questions tested in the PISA 
program tend to focus on aspects of reasoning 
and problem solving, which are closely related to 
the students’ generic science abilities. However, 
science, especially physics, only emphasizes the 
mastery of procedural basic counting skills in 
Indonesia. 
 
One solution that can help students train basic 
thinking skills is using and developing indicators 
of generic science skills (Sutarno, 2011). 
Examples of generic ability indicators 
(Brotosiswoyo., 2000) that characterize physics 
lessons are direct observation, indirect 
observation, symbolic language, logical inference, 
causal relationships, mathematical modelling, 
and concept building.  
 
Symbolic language ability expresses natural 
behaviour that cannot be explained by everyday 
language but uses certain symbols (Pujani, 2018; 
Zakwandi, 2020) or is associated with specific 
events (Lämsä, 2018; Yulkifli et al, 2019). For 
example, in Newton’s second law, acceleration is 
symbolized by the letter a, which comes from the 
word “acceleration”, which means acceleration 
(Dinata et al., 2018; Baihaqi et al., 2021). 
Indicators of symbolic language skills used 
include understanding the quantitative meaning 
of units and quantities from equations and 
reading graphs/diagrams, tables, and 
mathematical signs. For this type of symbolic 
language ability, researchers measure students’ 
ability by using a test instrument in the form of an 
objective test that contains the concept of 
symbolic language in physics subjects.  
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The ability of a causal relationship is a type of 
thought that begins with an event that is 
considered a factor is causing another event 
(Mashami & Khaeruman, 2020; P.A.C. Dinata & 
Suparwoto, 2018; Pujani, 2015). For example, 
Newton’s second law is deduced from empirical 
observations that if there is a force F acting on an 
object of mass m, there will be an acceleration 
proportional to the force, and its direction is in 
the direction of the force. The indicators used by 
researchers on the ability of causal relationships 
include stating the relationship between two or 
more variables in a particular natural 
phenomenon and estimating the causes of natural 
phenomena. For this type of causal relationship 
ability, researchers measure students’ ability by 
using an instrument in the form of objective test 
questions that contain the concept of a causal 
relationship in physics subjects.  
 
Mathematical modelling ability represents real-
world or situational problems both in a 
qualitative and quantitative form, which can be 
expressed in the form of graphs or formulas in the 
form of equations (Desy Kumala Sari, 2020; 
Yusup, 2012). For example, Newton’s second law 
equation can be formulated in the form of the 

equation  𝑎 =
∑ 𝐹

𝑚
, where a is the acceleration, F is 

the force and m is the mass of the object. The 
indicators used by researchers on mathematical 
modelling abilities include revealing natural 
phenomena/problems in sketches/graphics and 
revealing natural phenomena in formulations. For 
this type of mathematical modelling ability, 
researchers measure students’ abilities by using 
an instrument in the form of objective test 
questions that contain mathematical modelling 
concepts in physics subjects. 
 
It is necessary to know the relationship of each 
indicator to increase the generic ability of science 
students in Indonesia to be more leveraged. 
Therefore, this research is focused on knowing 
the relationship between symbolic language skills 
and the causal relationship to mathematical 
modelling in high school physics subjects. The 

assumptions and limitations of this study are that 
the implementation of the teaching and learning 
process for physics in schools runs according to 
the applicable curriculum, and students follow all 
processes that are carried out seriously so that 
the results of this study genuinely reflect the 
abilities of students. 
 
2. METHOD 
 
This research includes quantitative research with 
a correlation method. This research was 
conducted in Kupang City with a population of all 
high school students. Respondents involved in 
this study were taken using a purposive sampling 
technique from 5 (five) high schools scattered in 
the city’s downtown and the city’s outskirts. The 
research data were analyzed using a linear 
regression test and correlation analysis using 
SPSS software. The interpretation of the 
correlation coefficient (Sugiono, 2007) used in 
this study is presented in Table 1. 
 
Table 1. Interpretation of correlation coefficient 

Correlation Coefficient 
Interval 

Interpretation 

0.00 – 0.199 Very low 
0.20 – 0.399 Low 
0.40 – 0.599 Enough 
0.60 – 0.799 High 
0.80 – 1.000 Very high 

 

3. RESULT AND DISCUSSION 
 
The research was carried out in 5 (five) public 
high schools in Kupang. This research was 
conducted by providing an assessment 
instrument to measure the ability of symbolic 
language, causal relationships, and mathematical 
modelling. The overall instrument consists of 45 
questions, each of which consists of 15 questions 
to measure symbolic language skills, causal 
relationships, and mathematical modelling. The 
form of the questions given is multiple-choice, 
with the time given for processing the questions 
for 90 minutes or the equivalent of 2 hours of 
lessons. The research data were then analyzed 
using regression and correlation tests. The results 
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of simple correlation analysis between variables 
are presented in Table 2. 

 

Table 2. Results of simple correlation analysis between variables 

Correlation r a b ttest Sig. Rsquare Fcount 

Symbolic Languages –Mathematical 

Modeling 
0.558** 16.426 0.411 6.921 0.000 0.311 47.907 

Cause and Effect Relationships – 

Mathematical Modeling 
0.255** 25.402 0.290 2.72 0.008 0.065 7.401 

Based on the analysis results between symbolic 
language skills and mathematical modelling, the 
average score for symbolic language skills was 
42.37, while the average score for mathematical 
modelling was 35.12. Based on Table 2, the 
information obtained is in the form of a 
correlation coefficient between symbolic 
language skills and mathematical modelling, 
namely, r = 0.558 with a **. With a value = 16,426 
and a value of b = 0.441. The value of ttes = 6921 
with a significance of 0.000. The coefficient of 
determination is 0.311, and the Fcount value is 
47.907. 

 
Furthermore, the analysis results of the ability of 
causal relationships to mathematical modelling 
obtained an average value for the ability of causal 
relationships of 33.54. Under Table 2, the 
correlation coefficient between the ability of 
causal relationships and mathematical modelling 
is r = 0.255 with a **. The a value obtained is 
25,402, while the b value is 0.290. The t-test value 
obtained is 2.72 with a significance of 0.008. Also, 
the coefficient of determination is 0.065, with the 
obtained Fcount value of 7.401. 
 

 
Table 3. Results of multiple correlation analysis between variables 

Correlation R a b1 b2 ttest Sig. Rsquare Fcount 

Symbolic Language and Cause-

Effect Relationships –

Mathematical Modeling 

0.558 16.426 0.440 0.004 6.124 0.000 0.311 23.728 

The results of the multiple correlation analysis 
between symbolic language abilities and causal 
relationships are presented in Table 2. The 
information obtained is, the value of the multiple 
correlation coefficient is R = 0.558. With the value 
of a = 16,426, the value of b1 = 0.440, and the 
value of b2 = 0.004. The value of ttes = 6.124 with 
a significance of 0.000. The coefficient of 
determination is 0.311, and Fcount is 23,728. 
 
Students in each school have different cognitive 
abilities, especially their generic science abilities. 
The generic ability of science is an ability or skill 
that makes an impression on students’ minds. 
Therefore, the generic ability of science in each 
student must be different. Based on the results of 
research in the city of Kupang, it was found that 
there was a relationship between the ability of 
students to understand symbolic language and a 

causal relationship to mathematical modelling in 
physics subjects. 
Based on Table 2, the correlation coefficient 
between symbolic language skills and 
mathematical modelling is r = 0.558 or 55.8%, in 
the ‘sufficient’ category. This result occurs 
because of the lack of understanding of students’ 
understanding of symbols, symbols, and terms in 
physics subjects and the inability of students to 
read graphs/diagrams, tables, and mathematical 
signs correctly. In addition, based on the 
secondary data obtained, questions of symbolic 
language types are more often given to students 
as an exercise or in UTS activities so that students 
are more familiar with or easier to understand 
symbolic language type questions. In addition, 
discussing physics is closely related to symbols, in 
this case, symbolic language. So, before studying 
physics subjects further, students must first be 
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taught the symbols used in physics. These 
symbols are referred to as symbolic language in 
physics subjects. Although students are more 
familiar with symbolic language questions, the 
relationship between symbolic language skills 
and mathematical modelling abilities is still in the 
‘enough’ category. Teachers can provide students 
with an understanding of symbolic language in 
high school physics material.  
 
The regression equation obtained in this 
relationship is 𝑌̂ = 16.426 + 0.441𝑋1 so that it is 
known that the regression direction coefficient 
(b) is positive, which means there is an increase. 
So that it can be explained that every time the X1 
variable (symbolic language ability) increases by 
one, the average value of the Y variable 
(mathematical modelling ability) increases by 
0.441. If the X1 variable is known to be equal to 1, 
the interpretation value can be estimated by 
entering the of 𝑌̂ = 16.867 is obtained. This Y 
value shows the significance between symbolic 
language skills and mathematical modelling 
abilities.  
 
The coefficient of determination is 0.311, which 
means that the influence of the independent 
variable on changes in the dependent variable is 
31.1%, while 68.9% is influenced by variables 
other than symbolic language ability. So, it can be 
seen that the effect of students’ symbolic language 
skills on increasing mathematical modelling skills 
is only 31.1% of the 100% percentage for all 
indicators of science generic ability in high school 
physics subjects. From the calculation results, the 
value of ttes = 6.921 with a significance of 0.000. 
That value is smaller than 0.05, and Ho is rejected. 
It means that there is an influence of the symbolic 
language ability variable on the mathematical 
modelling ability. For the value of Fcount = 47.907 
dan Ftable = 3.93. Because  Fcount > Ftable, which is 
47.907 > 3.93, there is a significance between 
symbolic language skills and mathematical 
modelling. 
 
Based on the linear regression test results, the 
correlation coefficient between the ability of the 
causal relationship and mathematical modeling 

was obtained, namely, r = 0.255 or 25.5%, which 
was in the low category. The low relationship 
between causality and mathematical modelling 
abilities is probably due to the lack of students’ 
understanding of the relationship between 
several variables in a particular natural 
phenomenon. Students have also not been able to 
estimate the cause of a natural phenomenon. In 
addition, from secondary data obtained, 
questions on the type of causal relationship were 
not tested at all in the midterm exam. It makes it 
possible that students are not familiar with the 
types of causal relationships the researcher gives. 
The ability of causal relationships is an essential 
ability that students should first understand to 
determine the mathematical model correctly. 
 
In addition, the regression equation obtained is 
𝑌̂ = 25.402 + 0.290𝑋2 o that it is known that the 
regression direction coefficient (b) is positive, 
which means there is an increase. So that it can be 
explained that every time the X2 variable 
(causational ability) increases by one, the average 
value of the Y variable (mathematical modelling 
ability) increases by 0.290. If the variable X2 is 
known to be equal to 1, then 𝑌̂ = 25.692. The 
coefficient of determination is 0.065, which 
means that the influence of the independent 
variable on changes in the dependent variable is 
6.5%, while 93.5% is influenced by variables 
other than symbolic language ability. So, it can be 
seen that the effect of students’ causal 
relationship skills on increasing mathematical 
modelling abilities is only 6.5% of the 100% for all 
indicators of generic science ability in high school 
physics subjects. From the results of this 
calculation, it can be seen that increasing the 
ability of causal relationships has a negligible 
effect on increasing mathematical modelling 
abilities. 
 
The value of ttes = 2.720 with a significance of 
0.008 is smaller than 0.05. Thus, Ho is rejected, 
which means that the symbolic language ability 
variable influences the mathematical modelling 
ability. The value of Fcount was obtained at 7.401, 
while Ftable was 3.93. Because Fcount > Ftable, which is 
7.401 > 3.93, it can be concluded that there is a 
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significance between symbolic language skills and 
mathematical modelling. Based on the analysis 
results, the correlation coefficient between 
symbolic language ability and causal relationship 
to mathematical modelling ability is R = 0.558 or 
55.8%, which is sufficient. From the calculation of 
multiple correlations, it can be seen that the value 
of the multiple correlations between symbolic 
language ability and the causal relationship to 
mathematical modelling ability is the same as the 
correlation coefficient between symbolic 
language ability and mathematical modelling 
ability.  
 
For the regression equation, it is obtained that 
𝑌̂ = 16.346 + 0.440𝑋1 + 0.004𝑋2 which means 
that every 1 unit increase in X1 variable will 
increase the value of the Y variable by 0.440 units 
with the assumption that other variables have a 
fixed value and every 1 unit increase in X2 variable 
will increase the value variable Y is 0.004 units 
with the assumption that other variables have a 
fixed value. From the regression equation 
obtained, it can be concluded that the ability of 
symbolic language has a more significant 
influence on mathematical modelling than the 
ability of causal relationships. It is indicated that 
the acquisition of the value of b1 is more 
significant than b2. 
 
The coefficient of determination obtained is 
0.311, meaning that the influence of the 
independent variable, in this case, is symbolic 
language ability and the causal relationship to 
changes in the dependent variable, namely 
mathematical modelling ability, is 31.1%. In 
comparison, 68.9% is influenced by other 
variables besides symbolic language ability and 
causal relationships. From the significant 
coefficient of determination for these multiple 
correlations, it is obtained that the coefficient of 
determination is as significant as the coefficient of 
determination in the correlation between 
symbolic language skills and mathematical 
modelling abilities. It proves that the ability of 
symbolic language has a more significant 
influence than the ability of a causal relationship 
to mathematical modelling. The value of Fcount is 

23.728, and Ftable is 3.93. Because Fcount > Ftable, it 
can be concluded that there is a significance 
between symbolic language ability and a causal 
relationship to mathematical modelling. 
 
Although in the UTS questions given to students, 
there are only types of questions that practice 
symbolic language skills and mathematical 
modelling, there is a significant relationship 
between symbolic language skills and a causal 
relationship to mathematical modelling abilities 
in high school physics subjects. To master a 
physics material gradually, a teacher must first 
understand the symbolic language contained in a 
physics material. Then give students an 
understanding of the causal relationship that 
applies to a particular physical event. After the 
two indicators are understood, students can 
correctly determine the mathematical modeling 
of a physics material. 

4. CONCLUSION 
 
This study concludes a relationship between 
symbolic language skills and mathematical 
modelling in the ‘sufficient’ category. At the same 
time, the relationship between the ability of 
causal relationships and mathematical modelling 
is in the ‘low’ category. Taken together, the 
relationship between symbolic language skills 
and the causal relationship to mathematical 
modelling abilities is in the ‘enough’ category. 
Suggestions for further researchers are that it is 
better to focus on the science process in the 
learning process, where it is necessary to guide 
students to develop their generic science skills, 
especially physics. 
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