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Abstract—The idea of integrating Science, Technology, 

Engineering, and Mathematics in problems brings a new 

paradigm in teaching and learning mathematics. The innovation 

to use the STEM learning approach and its daily life applications 

allowed the students to enhance their mathematical 

communication skills. The research is aimed at determining the 

effectiveness of the STEM learning approach on mathematical 

communication ability. The research used Post-test Only Control 

Group Design. The study population is all of the third-grade 

elementary school students of SD Laboratorium Undiksha and 

SD Mutiara Singaraja in the academic year 2017/2018. The 

sample of the research was selected using a total sampling 

technique. The member of the samples is 98 students. The data of 

student’s mathematical communication ability is obtained 

through a description test. The t-test with a 5% significance level 

is used for analysing the data. The result of t-test is tcount = 7.278 

and t-table = 1.997, so tcount > ttable. It means that students' 

mathematical communication ability who followed the learning 

with learning STEM approach is higher than students' 

mathematical communication ability who followed thematic 

learning. Hence, it can be concluded that the STEM learning 

approach effectively improved student’s mathematical 

communication ability. 

Keywords—STEM approach, thematic learning, mathematical 

communication ability 

I. INTRODUCTION 

Mastering Science and Technology is important to 
encounter challenges in the future. The challenges that arise 
include improving the quality of life, the equity of 
development, and developing human resources. For that, 
science education as a part of education plays an important role 
in preparing students to be scientifically literate who can think 
critically, creatively, logically, and initiatively respond to 
issues in society caused by the impact of science development 
and technology. A person's literacy in science is closely related 
to technological and mathematical literacy [1]. 

Mathematics is one of the subjects studied in school. 
According to the Law of the Republic of Indonesia, Number 20 
the Year 2003 article 37 on the National Education System, the 
curriculum of elementary and secondary education shall 

contain one of the mathematics subjects. Mathematics is 
fundamental  to learn because science and technology will not 
develop without mathematics [2]. The application of 
mathematical knowledge can be used as a problem solver in 
daily life. The main purpose of learning mathematics, as 
expressed in the Regulation of Minister of National Education 
Number. 22/2006 about Standard Content of Elementary and 
Intermediate Education, are: (1) Understanding mathematical 
concepts, explaining the interconnection between concepts and 
applying concepts or algorithms in a flexible, accurate, 
efficient, and precise in problem-solving; (2) Using reasoning 
on patterns and traits, performing mathematical manipulations 
in generalizing, compiling evidence or explaining mathematical 
ideas and statements; (3) Applying problem solving that 
includes the ability to understand problems, design 
mathematical models, complete models and interpret the 
solutions obtained; (4) Communicating ideas with symbols, 
tables, diagrams, or other media to clarify circumstances or 
problems; and (5) Having an appreciation of the usefulness of 
mathematics in life that has a curiosity, attention, and interest 
in learning mathematics and resilient attitude and confidence in 
problem-solving. 

Sani [3] stated that the student could understand the 
learning materials effectively if the lesson is applied as follows: 

• Integration is learning will be effective if the student 
integrates knowledge or skills acquired in everyday life. 

• Activity is learning will be effective if the student 
activates their previous knowledge. 

• Application is learning will be effective if the student 
applies knowledge or skills acquired. 

• Demonstration is learning will be effective if the student 
sees demonstrations to be learned. 

• Need-base is learning will be effective if the student 
needs knowledge and skills in doing their work. 

Generally, teachers in schools are still dominant in teaching 
the subject matter in the form of explanations and narratives 
verbally without meaning. Teachers rarely use instructional 
media and technology when learning, and teachers sometimes 
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do not provide information about the benefits and application 
of learning materials that are studied so that students tend as 
listeners, recorders, memorized formulas are given, lack of 
attention and motivation in learning, and students less actively 
involved in learning. 

Hanifah [4] also expressed a similar condition: students are 
less active in learning if they only know the teacher's 
explanation and the recommended package. The students do 
not really understand the concept of the materials.. This causes 
a lack of students' mathematical communication skills because 
students who are not familiar with the taught matter concept 
can’t communicate their mathematical ideas, verbal or written.. 
Hence, it is necessary to develop a learning innovation that 
improves students' mathematical communication skills. 
Siekmann and Korbel [5] stated one approach that can be 
applied in learning mathematics is the learning STEM 
approach (Science, Technology, Engineering, and 
Mathematics). 

STEM was firstly introduced by the US National Science 
Foundation as a theme of educational reform to improve 
students in understanding STEM [6]. The STEM approach in 
learning integrates of the field of knowledge in STEM with its 
application focuses on the learning process of problem-solving 
in daily life. STEM learning integrates four disciplines [7]: 
science, technology, engineering and mathematics. Each of the 
fields can be explained as follow. 

Science is a study of nature, including natural laws related 
to physics, chemistry, biology, and the treatment or application 
of facts, principles, concepts, or conventions dealing with 
disciplines. Science is both a body of knowledge accumulated 
over time and scientific processes of inquiry that generate new 
knowledge. Knowledge of science informs the design process 
engineering. 

Technology is the knowledge, processes, and devices that 
enter in creating and operating technology. Throughout history, 
humans have created technology to meet their wants and needs. 
Many modern technologies are products of Science, 
Engineering, and Mathematics. 

Engineering is a knowledge-about the design and creation 
of human-made products and processes to solve problems. 
Engineering uses concepts in Science, Mathematics, and 
Technology tools. 

Mathematics is the study of patterns and relationships 
between sum, numbers, and spaces. The conceptual categories 
of Mathematics include numbers and arithmetic, algebra, 
functions, geometry, statistics, and probabilities. Mathematics 
is used in Science, Technology, and Engineering.  

Furthermore, the common steps used in STEM learning 
approaches are: 

• Setting the Stage. In this step, the teacher opens the 
lesson by giving a text or picture of the events occurring 
in real life related to natural science or technology then 

the teacher relates to the mathematical material to be 
studied. 

• Exploration. In this step the teacher guides and drives 
the students in discussions (can be in a group setting) 
and activities to create designs or products that 
implement the lesson materials. It can be done by 
providing cross-questions in designing/product and 
giving students the freedom to create a design or 
product. The teacher shows how to use computer 
programs or employ learning media to explore 
mathematical concepts and solve problems. 

• Key Concept. In this step, the teacher gives the 
questions to help the students learn and pay attention to 
the important parts and get the basic ideas of the subject 
matter and then record them. 

• Practice and Application. n this step, the teacher 
provides problems or opportunities to understand the 
students' related materials [8]. 

 
STEM approach in learning is applied together with active 

learning principal and problem-solving based so that students 
are taught to think critically, analytically, and focus on 
solutions [9]. In real life, the STEM approach's application also 
brings great benefits to the development of science and 
technology and the development of the students' social skills. 
In addition, the STEM approach also focuses on engineering 
and mathematics. In the engineering component, the STEM 
approach provides solutions and focuses on the process and 
design [10].  

STEM approach in learning is applied together with active 
learning principal and problem-solving based so that students 
are taught to think critically, analytically, collaboratively, and 
focus on finding solutions to a problem [11]. In real life, the 
application of the STEM approach also brings great benefits to 
the development of science and technology and the 
development of the students' social skills, especially in 
communication and collaboration work. The STEM approach 
also focuses on engineering and mathematics. n the engineering 
component, the STEM approach is not only for final solutions 
but also on the process and design [12]. 

There are several preliminary studies about the STEM 
learning approach. Among others, Becker and Kyungsuk  
research in the research results showed that STEM approach 
has a positive effect to optimize students’ achievement [13]. 
Mayasari, et al [14] also showed that STEM integrated learning 
approach has a positive effect on students’ learning outcomes. 
In addition, Ismayani [15] stated that the application of STEM 
learning positively affect the attitude of students’ mathematical 
creativity. 

Inspite of a number of studies about STEM, there is no 
research addressed the impact of STEM toward students’ 
mathematical communication ability. It is critical because as is 
explained previously, many students cannot express their idea 
verbally or written, when it comes to solving a mathematical 
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problem. Through STEM approach, the students are expected 
to improve their mathematical communication skills. Therefore 
the present study is presented in the title of "Effectiveness of 
STEM Approach on Mathematical Communication Ability". 

II. METHODS 

The study population is all of the third-grade elementary 
school students of SD Laboratorium Undiksha and SD Mutiara 
Singaraja in the academic year 2017/2018. 59 students of SD 
Lab Undiksha are grouped into two classes, and 39 students of 
SD Mutiara Singaraja are grouped into two classes. Hence, the 
total number of the population is 98 students. Generally 
speaking, both schools are relatively equal in terms of 
facilitates, resources, curriculum (National Curriculum of 
2013), and the learning process method. 

From that, the sample was selected. Sampling is the process 
of selecting samples from the population under study, so that 
the selected sample can represent and describe the nature or 
characteristics of the actual population [16]. Before sampling, 
an equality test using t-test was performed to examine the 
equivalent condition of 2 sample groups [17]. The data used in 
this equality test is the final mathematics result of the odd 
semester of the academic year 2017/2018 class of the third-
grade students of SD Laboratorium Undiksha and SD Mutiara 
Singaraja. 

After obtaining the equivalent sample groups, sampling was 
taken. The samples were chosen by using a total sampling 
technique. Total sampling is a sampling technique where the 
sample equals the population [18]. The reason for taking the 
total sampling because according to Sugiyono if the population 
has a number less than 100, the sample is all of them [19]. 

The sample taken from this research is 98 people. They 
were grouped into two classes and  received different 
treatment. In each school, a control and experimental group had 
been assigned. 

The A class is called the experimental group, received 
treatment with STEM learning approach. On the other hand, 
the B class is called the control group and received treatment 
with a thematic learning approach. 

It is guaranteed that the control groups in SD Lab Undiksha 
and SD Mutiara Singaraja were following the same learning 
method using Thematics Approach. Meanwhile the 
experimental groups in SD Lab Undiksha and SD Mutiara 
Singaraja were following the same learning method using 
STEM Approach. 

The independent variable in this research is the approches 
assigned for each class. While the dependent variable in this 
research is students' mathematical communication ability. The 
indicators used to determine students' mathematical 
communication skills are as follow. 

• The ability to express mathematical ideas verbal and 
written, including creating the visualization of it. 

• The ability to understand, interpret and evaluate 
mathematical ideas in verbal, written or visual. 

• The ability to use terms, mathematical notations and 
structures to present ideas that illustrates the relation 
within situational models. 

The design used in this research is Post-test Only Control 
Group Design. The instrument used to measure students’ 
mathematical communication ability in this research is using 
description test. It is used to examine the students’ 
comprehension in representing their ideas understanding in 
words. Before it is applied, the validity and the reliability of the 
test was examined. 

The validity of the test was performed by expert validation. 
Two experts in mathematics education and assessment 
examined whether the designed test is relevant or not. The 
result was analyzed using product-moment correlation 
coefficient from Carl Pearson. Then, the reliability of valid 
items were tested by using Alpha Cronbach formula. 

After got a valid and reliable instrument, we used it to 
assess the students’ mathematical communication ability. The 
results was use to analyzed the hypothesis of the research. 
Before that, we tested its normality and homogeneity. To test 
the normality of data Lilliefors Test was used, whereas to test 
the homogeneity of variance F-Test was used [20].  

If the data proved to be normally distributed and 
homogeneous in its variance, then the research's hypothesis can 
be examined using t-test with 5% significant level.  

In the next data analysis process, the control groups in each 
school were combined and the experimental groups. 

III. RESULT AND DISCUSSION 

A summary of the data gathered from two sample groups 
can be seen in Figure 1. 

 

Fig. 1. Results of students mathematical communication ability. 

The result of the communication skill in the experimental 
class is Lcount = 0.1742 which is less than Ltable= 0.224 (for n 
= 50 at 5% significance level). Hence, H0 is accepted. It means 
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the mathematical communication score of experimental group 
is derived from population that is normally distributed. 

In the control group, it is obtained that Lcount = 0.1632 < 
Ltable = 0.231 (for n = 48 at the 5% significance level). Hence, 
H0 is accepted. It means the mathematical communication 
score of control group is also derived from the normally 
population that is normally distributed. 

The homogeneity test of variance is done by F-Test. 

Based on the calculation, it is obtained that the value of Fcount 

= 1.466 and Ftable = 1.79. Means, Fcount < Ftable. Thus H0 is 

accepted and it means variance of data is homogen. 
Since the data is normal and its variance is homgen, the 

hypothesis is tested using one-tailed t-test. The summary of the 
results of the data is presented in Table 1. 

TABLE I.  T-TEST 

Group  Ӯ s2 s2 com tcount ttable 

Experiment 50 41.743 65.848 
80.732 7.278 1.997 

Control 48 25.875 96.545 

Based on Table 1, it can be seen that tcount = 7.278 and. ttable 

= 1.997. Therefore tcount > ttable then  is rejected and  is 
accepted. It means, the mathematical communication ability of 
3rd grade students of SD Laboratorium Undiksha and SD 
Mutiara Singaraja taught by STEM learning approach is better 
than by thematic learning. Hence, it can be generalized that 
STEAM learning approach has a positive impact towards 
students’ mathematical communication skills. By that, it is 
expected that students’ learning outcome will also be 
improved.  

Moreover, in the experimental class, learning is done 
through group discussion. It required students to be more active 
so as to improve their reasoning abilities. In learning using 
STEM approach with cooperative learning model, the students 
were encouraged to learn more actively.  

Learning mathematics with STEM approach begins with 
Setting the learning condition. After forming the cooperative 
group, the teacher gave students’ worksheets and showed a 
story or picture about events that happened in real life related 
to science or technology. The teacher connected its content 
with mathematical materials that will be discussed on the day. 
The aim of the stage is to attract the students to observe the 
material to be discussed and to motivated them to understand 
the importance of this material with other knowledge and its 
application in real life. 

The process is continued by the Exploration stage. Here, 
the students were discussing the given worksheet with their 
groups. They also discussed the design or product using the 
materials provided by teacher, related to the subject matter. The 
teacher guided and directed the student in completing the 
worksheet and project by giving some leading to inspire them. 
The teacher also showed how to use instructional media to 
enhance the students’ attention and also improve their 
understanding to the lesson. Exploration activities aimed to 

improve the students’ ability in applying concepts, facts, 
procedures and mathematical reasoning. 

In the next step called Key Concept, the teacher gave 
questions that help the students to learn and pay attention to the 
important basic ideas and the students made the conclusion of 
it. The questions are intended to enable students to know and 
understand the concept of the matter taught and its application 
in life. 

The last stage of learning is called Practice and Application. 
It allowed the students to practice the ability and concepts to 
explore and apply them to solve various problems. The activity 
is aimed to enable students to play an active role to solve 
existing mathematical problems. In relation to student's 
mathematical communication skills, during this stage, the 
students have the opportunity to express and reflect their 
thoughts verbally and written or using visualization. The 
advantages of each of these stages are that make learning with 
STEM approach can improve student’s mathematical 
communication ability. 

Differently, the activity in thematic learning for control 
group, is still dominated by teacher. The teacher gave 
worksheet for the students and it has to be done individually or 
in groups. The teacher's role is to clarify the students’ 
misconception and mistakes during their works. In the end of 
the lesson, the teacher gives the individual mini-test. 

During the lesson, the observer noticed that during 
worksheet completion, not all students understood the material 
nor active to work. It is probably caused by the lack of 
activities that helps them to express their ideas. Also, there was 
no explanation and presentation of the application of 
mathematical material to real life. Therefore, the students’ 
mathematical communication ability is less improved. 

The aforementioned explanation showed that teachers’ 
efficacy beliefs and the value they place on STEM education 
seems to influence their willingness to engage and implement 
STEM curriculum. This also be supported by Margot and 
Kettler [21] who stated that the teachers’ mastery in certain 
topic is influencing the students’ learning process. The teachers 
who have limited knowledge and not comfortable with STEM 
related problems, may feel unpleasant to conduct a lesson using 
STEM themes. 

These findings are consistent with the results of research 
conducted by Leon et al. [22] which stated that when the 
students are motivated to actively involved in learning, they 
will motivate and able to achieve a high scores in mathematics 
lessons. Similarly, Becker & Kyungsuk [13] and Mayasari et al 
[14] and  emphasized that STEM approach has a positive effect 
on learning outcomes. Furthermore, it is also known to affect 
the students’ mathematical creativity [15]. 

Moreover, it is known that there are other factors that 
influence the success of STEM learning approach 
implementation [23]. First, the teacher. To enable teacher in 
preparing learning materials using STEM approach, it is 
important to give them support. One type of needed support is 
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conducting a professional development for the teacher which 
can help the teacher understand how to enhance the quality of 
lesson and assessment techniques in the classroom [24].  

From the results, it is found that the application of STEM 
approach in learning (1) attracted the student’s attention to 
actively observe the discussed materials and to motivate the 
students by relating it to other knowledge and its application to 
everyday life, (2) improved the students’ skills in applying 
mathematical concepts, facts, procedures and reasoning, (3) 
helped the students to know and understand important concepts 
in learning matter and its application in daily life, and (4) 
enabled the students to improve their mathematical 
communication skills since they have the opportunity to 
express and reflect their thoughts. 

IV. CONCLUSION 

Based on the result and discussion, it can be concluded that 
the mathematical communication ability of the 3th grade 
students of SD Laboratoium Undiksha and SD Mutiara 
Singaraja taught with STEM approach is higher than with 
thematic learning. Hence, STEM approach gives positive 
influence to students’ mathematical communication ability. 

We recommend the following points related to our findings. 

• The prospective researchers are suggested to test the 
impact of STEM approaches on different aspects of 
learning, such as students’ achievement. 

• The prospective researchers are suggested to conduct 
the study related to the STEM approach in the broader 
population and subject matters. 

• Educational practitioners, especially the parties 
involved in learning mathematics, are recommended to 
apply the STEM approach as one alternative to improve 
the students' mathematical communication ability. 
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