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Abstract. Many research results reveal that STEM learning can improve students' 
mathematical thinking skills. However, there are still few studies that comprehensively 
explain the impact of STEM learning on students' mathematical thinking skills that have 
been studied in a systematic literature review. Therefore, this study aims to examine the 
effect of using STEM learning on increasing students' mathematical thinking skills in terms 
of education level. To answer this objective, the Systematic Literature Review (SLR) 
method was used in this study. The stages of research with SLR in this study consist of (1) 
formulating the problem; (2) search for relevant literature; (3) identify the right type of 
research; (4) retrieve information from articles. The results of the findings indicate that the 
use of STEM learning is effective for improving students' mathematical thinking skills at 
various levels of education. In addition, the secondary school education level is the most 
effective level of education in using STEM learning. 
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1   Introduction 

Mathematical thinking ability is an ability that involves mathematical skills, such as 
estimation, induction, deduction, specification, generalization, analogy, reasoning, and 
verification [1]. In addition, students' mathematical thinking skills need to be trained in the 
learning process. This is because the ability to think mathematically can help students to be able 
to move individually based on personal experience to associate ideas they have  [2]. One of the 
learning that facilitates students in STEM learning. STEM is integration between four 
disciplines, namely science, technology, engineering, and mathematics in an interdisciplinary 
approach and is applied based on real-world contexts and problem-based learning  [3]. 

Many studies related to STEM have been implemented on mathematical concepts at various 
levels of education as has been done by  [4] regarding STEM education in elementary schools, 
[5] related to the application of PjBL with a mind map-based STEM approach in secondary 
schools. In addition, research [6] uses a Systematic Literature Review to examine teachers' 
perceptions of the STEM approach. While his research  [7] explains that STEM learning is 
increasingly being used from day today. 

Although there are many studies that examine STEM using SLR, no one has studied the 
effect of STEM on mathematical thinking skills based on education level. Therefore, the 
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research seeks to systematically review the results of research published in international journals 
related to the implementation of STEM in mathematics education and its effect on students' 
mathematical thinking skills at every level of education in schools. 

 
2. Method 

. The use of SLR in research is carried out by systematically reviewing and identifying 
articles in international journals, which in each process follow the steps or protocols that have 
been set. The following procedures are carried out in the SLR, consisting of several stages, 
namely: (1) problem formulation, (2) literature search, (3) identification of the right type of 
research, (4) retrieve information from articles. 

Tabel 1. Problem Formulation 
No Objectives Formulation 
1 Describe the effectiveness of using 

STEM learning to improve students' 
mathematical thinking skills.  

Is the use of STEM learning effective to 
improve students' mathematical thinking 
skills? 

2 Describe the use of STEM learning to 
increase student's mathematical 
thinking skills.  

Does the use of STEM learning have an 
effect on increasing students' mathematical 
thinking skills? 

3 Describe the effect of using STEM 
learning on the overall improvement of 
students' mathematical thinking skills.  

How much is the effect of using STEM 
learning on the overall improvement of 
students' mathematical thinking skills? 

4 Describe the effect of using STEM 
learning on increasing mathematical 
thinking skills based on the level of 
education. How big is the effect of 
using STEM learning on increasing 
mathematical thinking skills based on 
the level of education. 

How much is the effect of using STEM 
learning on increasing mathematical 
thinking skills based on the level of 
education? 

 
Furthermore, to search the literature, it is in Table 2. 
 

Table 2. Literature Search 
Emerald  emerald.com 
Link Springer link.springer.com 
Sciencedirect sciencedirect.com 
Taylor and Francis Journal  tandfonline.com 
Google Scholar scholar.google.com 

 
At the literature search stage, this research uses software and databases including emerald, 

link springer, ScienceDirect, Taylor and Francis journal, and google scholar. 
a) Emerald, the journal obtained at this stage was 22 journal articles. After being analyzed, 

obtained 1 that is relevant to the formulation of the problem in this study. 
b) Link Springer, the journals obtained at this stage were 117 journal articles. After being 

analyzed, obtained 6 that are relevant to the formulation of the problem in this study. 



 
 
 
 

c) Sciencedirect, journals obtained at this stage were 67 journal articles. After being analyzed, 
obtained 1 that is relevant to the formulation of the problem in this study. 

d) Taylor and Francis Journal, the journals obtained at this stage were 69 journal articles. 
After being analyzed, obtained 7 that are relevant to the formulation of the problem in this 
study. 

e) Google Scholar, searching for journal data obtained as many as 26 journal articles that are 
relevant to the formulation of the problem in this study. 

At the stage of identifying the right type of research based on the background of the problem 
that has been described, several problems can be identified as follows: 
a) Articles are made by general researchers or students. 
b) Articles made using experimental research methods. 
c) Articles are international level originating from journals accredited by Scopus. 
d) Articles published within the last 5 years starting from 2015-2020. 
e) Themed article on the use of STEM-based learning to improve mathematical thinking 

skills. 
f) The sample level of education in the article is the education level of Junior High School 

and Senior High School. 
At the stage of concluding information from the article, the results of all concluded articles will 
be processed and conclusions drawn according to the formulation of the problem that has been 
determine 
 
3. Results and Discussion 

As previously mentioned, this literature review will describe how much influence the 
effective use of STEM learning has on improving students' mathematical thinking skills based 
on their educational level. It can be seen in Table 3 the results of the relevant literature in this 
study. 

Table 3. Analysis Results 
citation Effectiveness Effect Educational level 

[9] Effective Take effect Junior High School dan Senior High School 
[10] Effective Take effect Junior High School 
[11] Ineffective No effect Senior High School 
[12] Ineffective No effect Junior High School 
[13] Ineffective No effect Senior High School 
[14] Effective Take effect Junior High School dan Senior High School 
[15] Effective Take effect Senior High School 
[16] Effective Take effect University 
[17] Effective Take effect Primary school 
[18] Effective Take effect Junior High School/Senior High School 
[4] Effective Take effect Primary school 

[19] Effective Take effect University 
[20] Effective Take effect Junior High School dan Senior High School 
[21] Effective Take effect University 
[22] Ineffective No effect Senior High School 

 
In table 3 there are 11 of 15 kinds of literature that are effective and influential in their 

research, 4 of them are not effective and influential. There are 4 out of 11 effective and 
influential literature. [9] combining data from two studies, a large-scale survey and intervention, 
argues three main points: (1) student attitudes and teacher perceptions of these attitudes are quite 



 
 
 
 

distinctly different, (2) the relationship between mathematics and STEM has an influence on 
students' perceptions and ( 3) implementation of class ability grouping based on standardized 
test scores can be detrimental to students who have a natural tendency towards STEM and a 
positive attitude towards mathematics. [11] revealed that STEM learning affects student 
achievement by demographic background and level of performance. [4] provides insight into 
how mathematical knowledge and thinking, in particular the identification of mathematical 
patterns and structures, can be promoted through engagement with coding activities. Studies 
provide evidence that learning that occurs through coding instruction can lead to higher-level 
students' mathematical thinking in terms of identifying mathematical patterns and structures that 
can lead to generalizations. 

In Table 3, there are 3 of 15 pieces of literature that show how much influence the use of 
STEM has on improving students' mathematical thinking skills. From the three literature, some 
instruments are carried out, namely surveys and prospective cohorts. There is an influencing 
factor, namely the student factor, in the study [10] the percentage of students who said that they 
were not sure whether they needed STEM in their learning ranged from 12.5 to 32.6%. Overall 
the results show that STEM knowledge is scarce among high school students. The results 
revealed that students did not seem to be aware of the limitations of STEM knowledge. Perhaps 
a greater emphasis on authentic means of teaching and evaluating STEM content involving 
collaboration, problem-solving, and application of STEM knowledge might serve to engage 
learners in more meaningful ways, resulting in possible continuation of motivation and interest 
in STEM careers as students progress through education. middle and post-secondary school. 
[21] The percentage of 58% positive results obtained are not only knowledge and abilities but 
also satisfaction expressed by students. GBL activities have a structure that is very in line with 
the requirements of the intended action. First, by working in teams students can work together, 
confront ideas and gain a deep understanding of content understanding, which increases their 
confidence. Second, given the competitive base of activity, teams are challenged to reach the 
right solution as soon as possible, meaning they must find the most appropriate way to optimize 
time (speed matters) and resources (who does what). Third, students are familiar with the game 
(94% of students who took part in the first session stated that they were familiar or very familiar 
with the game). Thus it is easy for them to understand the elements that characterize it (goals, 
context, and rules). [19] using a prospective cohort of the effect of mathematical thinking skills 
on a stratified approach, the posttest result is 34%. 

In Table 3 there are 11 of 15 pieces of literature that affect the level of education, 4 of which 
have no effect. At the secondary/high school level, there are 10 pieces of literature, 6 pieces of 
literature have an effect on the secondary/high school level, 5 of which have no effect. At the 
elementary school level, there is 1 literature of which is influential. Then at the university level, 
there are 2 pieces of literature of which are influential. While at the level of Teacher 1, literature 
is influential. Because the sample level of education in the article is a junior high school and 
high school level of education. So obtained 10 of 15 literature at the level of high school / high 
school, 6 influential literature and 4 of them have no effect. Then it is obtained that the influence 
of the use of STEM learning on increasing students' mathematical thinking skills is 60% at the 
high school/high school level. Therefore, in this study 60% of the effect of the use of STEM 
learning on increasing students' mathematical thinking skills at the secondary school level. 

4. Conclusion 

The results of the study indicate that the use of STEM learning is effective in improving students' 
mathematical thinking skills. The use of STEAM learning affects increasing students' 



 
 
 
 

mathematical thinking skills. Overall the lowest ranged from 12.5 to 32.6% and by 58% affected 
the use of STEM learning in increasing students' mathematical thinking skills. At the high 
school level 60% of the use of STEM learning affects the improvement of students' 
mathematical thinking skills. Based on the conclusions above, the researcher can convey some 
suggestions that are expected to provide benefits. The suggestions that will be submitted are as 
follows: (a) For researchers, it is expected to be useful knowledge and add insight to researchers 
to become a teacher.(b) For other researchers, this research is limited by literature sources, years, 
and levels of education. For future researchers, the authors suggest adding literature sources, 
years, and levels of education. It can also be a reference, source of information and reference 
material so that it can be further developed to add insight and knowledge and can be used as a 
library guide for further research. 
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