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ABSTRACT 
This research aims to determine the effect of STEM (Science, Technology, Engineering, and Mathematics) 
learning on students’ mathematical numeracy abilities. The research method uses descriptive quantitative 
research by only looking at the values displayed based on descriptive statistics, involving 40 participants 
during 8 meetings and using 10 essay questions as an instrument for assessing mathematical numeracy 
abilities. The results of the analysis obtained a t value of 12.005 which also supports the significance of the 
findings, indicating a substantial impact of STEM learning on students’ mathematics skills. The results above 
show that STEM learning at universities has an effect on students’ mathematical numeracy abilities. 
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INTRODUCTION 

The development of Science, Technology, Engineering and Mathematics (STEM) has become a major concern 
in the world of education and science in the contemporary era. STEM represents an interdisciplinary approach 
that integrates these four fields to solve complex problems and stimulate innovation in a variety of contexts 
(Madden et al., 2013). The STEM concept is not only an important foundation in the development of science and 
technology, but also plays a key role in forming the basis for the industrial, technological and economic 
development of a nation (He et al., 2021). 

In an attempt to enhance STEM education, there has been a growing tendency in recent years for STEM 
education to be handled collaboratively (Dolgopolovas and Dagienė, 2021; Wei et al., 2021). The STEM approach 
transcends traditional disciplinary boundaries, creating space for collaboration across fields to produce innovative 
and effective solutions to complex challenges in contemporary society (Bektas, 2022). The importance of STEM 
in the educational context lies in its role in forming students’ critical thinking, analytical and creative skills (Richardo 
et al., 2023). Through the STEM approach, students not only learn about the concepts of science, technology, 
engineering and mathematics separately, but also gain a deep understanding of the relationships between these 
fields and their application in real contexts (Bradley and Churchill, 2023).  

The quality of STEM teaching approaches is still debated, and efforts are made to improve STEM learning 
results, despite the present attention and interest in the field (Thomson et al., 2020). In addition, STEM also 
provides a strong foundation for the development of technological literacy and digital skills, preparing future 
generations to face increasingly complex and diverse job demands (McGunagle and Zizka, 2020). STEM teachers 
are essential knowledge transmitters, and how well they do can directly affect students’ learning experiences and 
acquisition of knowledge and skills (Huang et al., 2022). STEM education emphasizes real-world experience and 
an interdisciplinary approach to solving problems, in contrast to the conventional view of education that is 
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knowledge-based (Lau and Jong, 2023; Li et al., 2020). STEM education can help student develop an 
entrepreneurial mindset and provide the tools they’ll need for national development in their future careers 
(Eltanahy et al., 2020). This decision was made for a few reasons. First, this paradigm is simple for educators to 
include into STEM curricula. Secondly, this paradigm enables educators to incorporate STEM disciplines and assist 
learners in applying their acquired knowledge to everyday situations (Büyükdede and Tanel, 2019; Ong et al., 2020). 

Mathematical Numeracy, or often referred to as mathematical literacy, is an important concept in mathematics 
education that emphasizes the understanding and application of mathematics in various contexts of daily life 
(Hallström and Schönborn, 2023). The concept of mathematical numeration not only includes mastery of basic 
mathematical concepts such as addition, subtraction, multiplication and division, but also involves a deeper 
understanding of how to use and interpret mathematics in real situations (Ammar et al., 2024). This includes the 
ability to recognize and apply mathematical concepts in various contexts, analyse number-based information, and 
make decisions based on data and mathematical thinking (He et al., 2021; Lin et al., 2024) In an educational context, 
developing mathematical numeracy is important because it provides a strong foundation for students’ critical 
thinking, analytical and problem-solving skills, and prepares them to face complex challenges in their personal, 
professional and social lives in the future (Lee-Post, 2019; Szabo et al., 2020). Thus, a deep understanding of 
mathematical numeracy is not only relevant in the educational context, but also plays an important role in forming 
competent and competitive individuals in a society that is increasingly dependent on mathematical thinking skills. 

The use of STEM in mathematics learning has had a positive impact on student learning progress. Research 
shows that a STEM-based approach, supported by interactive learning media such as Vlogs, has succeeded in 
increasing student achievement in mathematics learning at the elementary school level (Şahin et al., 2024). In 
addition, training programs that focus on STEM approaches have also proven effective in increasing the 
competence of mathematics teachers, which in turn increases the use of STEM in the curriculum in secondary 
schools (Al-Jubouri and Al-Jubouri, 2023). Furthermore, the application of STEM-based learning through lesson 
studies has been proven to have a positive impact on teachers and students, including improving critical and 
creative thinking skills, problem-solving abilities, and learning achievement in mathematics and science 
(Nursyahidah and Mulyaningrum, 2022). The systematic literature review also highlights the benefits of a STEM 
approach in improving students’ critical thinking skills and creative thinking abilities in mathematics at various 
educational levels (Appelbaum, 2023). The application of a STEM approach in learning has also been proven to 
contribute to improving students’ scientific thinking skills (Ding and Cai, 2023). Thus, the application of STEM in 
mathematics learning not only improves student learning outcomes but also strengthens their skills in critical, 
creative and scientific thinking. 

Furthermore, research in the field of mathematics numeracy shows that numeracy literacy skills, especially at 
the elementary school level, have a significant influence on learning outcomes, especially in the context of 
mathematics (Lowrie et al., 2017). Students’ ability to formulate mathematical problems and connect mathematical 
concepts based on numeracy literacy is a very important factor in their learning process (Arlinwibowo et al., 2020; 
Mastuti et al., 2023). In addition, it was found that students who have a high level of self-efficacy in numeracy tend 
to have better performance in solving problems involving data and uncertainty compared to those who have a low 
level of self-efficacy (Nisa’ et al., 2023). However, currently, numeracy literacy skills in elementary schools are still 
not optimal, this can be attributed to various factors such as the lack of application of HOTS (Higher Order 
Thinking Skills) questions and the lack of adequate training for teachers in implementing learning approaches that 
focus on numeracy literacy (Rohmah et al., 2022). To overcome these challenges, it is recommended that teachers 
create a supportive learning environment to increase students’ self-efficacy and numeracy skills. Apart from that, 
there is a need to design curricular activities that aim to increase numeracy literacy through developing relevant 
learning materials, preparing evaluation questions that encourage higher level thinking, and using interactive 
learning media that can increase student involvement in the learning process. In this way, joint efforts between 
teachers, schools and various related parties are expected to improve and increase the numeracy literacy skills of 
students in elementary schools, so that they can face mathematical challenges more confidently and competently 
in the future. 

The implementation of STEM in the context of numeracy mathematics involves combining the disciplines of 
science, technology, engineering, and mathematics to improve students’ understanding and skills in mathematics. 
A number of studies have investigated the implementation and impact of STEM approaches in mathematics 
learning. For example, a study conducted by Rahmawati et al. found that the application of STEM with Project 
Based Learning (PBL) and Problem Based Learning (PBL) methods significantly increased students’ critical and 
creative thinking abilities in mathematics (Richardo et al., 2023). Another study conducted by Akip and Rukli 
showed that the application of STEM using interactive Vlog media succeeded in improving students’ mathematics 
learning outcomes at the elementary school level (Appelbaum, 2023). In addition, Nu’man et al. (2022) emphasizes 
the importance of making mathematical concepts clear and explicit in STEM education to strengthen students’ 
understanding of mathematics. Furthermore, Bennison and Geiger state that a cross-curriculum approach to 
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numeracy can integrate mathematics subjects with other STEM disciplines, thereby enhancing learning in science 
and mathematics (De Loof et al., 2022). The results of this study demonstrate the positive effects of implementing 
STEM in mathematics education as well as the potential for integrating mathematics subjects thoroughly in the 
STEM curriculum. 

The implementation of STEM in mathematical literacy is an important area of research, especially in the context 
of students’ representation of mathematical concepts (Adikayanti and Retnawati, 2022). However, further research 
is needed to explore the impact of STEM on this aspect of mathematics education. Additionally, the use of 
information systems in education, including mathematics, has the potential to improve the delivery of STEM-
related content (Arlinwibowo et al., 2020). The development of curricula that integrate STEM principles, including 
in the teaching of mathematics, is also an important consideration (Allan et al., 2019). Lastly, historical and cultural 
aspects of mathematical symbols, such as the origins of the square root symbol, can provide valuable context for 
mathematics teaching (Guo et al., 2021).  

Based on the analysis of various studies that have been presented, it appears that the use of STEM (Science, 
Technology, Engineering and Mathematics) in learning mathematics and numeracy literacy has had a positive 
impact on student learning progress. The research results show that a STEM-based approach, supported by 
interactive learning media such as Vlogs, has succeeded in increasing student achievement at the elementary school 
level and increasing the competence of mathematics teachers at the secondary school level. In addition, the 
implementation of STEM-based learning through lesson studies has a positive impact on teachers and students, 
including improving critical and creative thinking skills, problem-solving abilities, and learning achievement in 
mathematics and science. The systematic literature study also highlights the benefits of the STEM approach in 
improving students’ critical thinking skills and creative thinking abilities in mathematics at various educational 
levels. However, there are several gaps that need further research, such as the influence of STEM on students’ 
mathematical numeracy abilities in higher education, as well as the influence of STEM on other aspects of 
mathematics education such as the representation of mathematical concepts by students and the use of information 
systems in mathematics learning. In addition, further research is needed to develop curricula that integrate STEM 
principles in mathematics teaching and to explore the historical and cultural aspects of mathematical symbols as a 
valuable context in mathematics teaching. Therefore, the aim of the next research is to explore the influence of 
STEM on students’ mathematical numeracy abilities in higher education and to develop effective learning strategies 
in improving their mathematical numeracy abilities. 

This research aims to determine the implementation of STEM on students mathematical numeracy abilities. 
This research responds to the lack of previous research which tends to focus on aspects such as critical, creative 
and scientific thinking abilities, as well as student academic achievement in the context of STEM-based 
mathematics learning. The lack of research that specifically explores the influence of STEM implementation on 
mathematical numeracy abilities is the main basis for this research. By evaluating the effectiveness of the STEM 
approach, identifying the most effective learning strategies, and analysing the impact of STEM implementation on 
mathematical numeracy abilities, this research is expected to provide deeper insight into the development of 
mathematics learning strategies that are relevant to the demands of the STEM era. 

METHOD 

This research is quantitative research with a descriptive approach. The aim of this research is to determine the 
influence of STEM (Science, Technology, Engineering and Mathematics) on students’ mathematical numeracy 
abilities. The research subjects consisted of 40 students who were chosen randomly. The research instrument used 
was a test in the form of 10 questions which were arranged according to the indicators of the research variables. 
The research process was carried out in several stages. First, the preparation of the instrument is carried out by 
referring to the research variable indicators. Second, the test instrument questions are composed of 10 questions 
that are relevant to mathematical numeracy abilities. Third, the test instrument is given to respondents. Fourth, 
after the data was collected, data was tabulated and analysed using descriptive statistical techniques and the t-test 
(Student’s test). Data analysis was carried out using the Jamovi program, using the conclusion criterion that if the 
significance value (Sig) is less than 0.05, then the null hypothesis (H0) is rejected. The research results will be 
interpreted and conclusions will be drawn according to the results of the data analysis that has been carried out. 

RESULTS AND DISCUSSION 

This research uses quantitative research methods with a descriptive approach to explore the implementation of 
STEM on students’ mathematical numeracy abilities. The research process was carried out in several structured 
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stages. First, the preparation of research instruments is carried out by referring to the research variable indicators 
that have been determined (Table 1).  

This is done to ensure that the instruments used are in accordance with the research objectives and are able to 
measure the variables to be studied. Second, the test instrument consists of 10 questions which are specifically 
designed to test students’ mathematical numeracy skills. These questions were created by taking into account the 
diversity of mathematical numeracy material that is relevant to the student context. Third, the test instruments 
were then distributed to respondents, namely 40 students, to be filled in according to their mathematical numeracy 
skills. Respondents are expected to be able to answer test questions honestly and accurately. Fourth, after the data 
is collected, data tabulation is carried out to organize the results of filling in the instrument by respondents. Next, 
data analysis was carried out using descriptive statistical techniques to describe and summarize the characteristics 
of the data collected. In addition, a t-test (Student’s test) was also carried out to test the significance of differences 
between two different groups of data. The results of this data analysis will be interpreted carefully to draw 
appropriate conclusions regarding the effectiveness of STEM implementation on students’ mathematical numeracy 
abilities. The descriptive statistical results are in accordance with Table 2. 

From the results of the descriptive statistical analysis in Table 1, it can be seen that the average student 
numeracy ability score is 70.075 with a standard error mean of 1.589. The average value obtained shows that in 
general, students have a level of mathematical numeracy ability that tends to be above the average value. This 
indicates that the majority of students have adequate understanding and skills in the context of mathematical 
numeracy. In addition, the variance value obtained was 100,994 indicating a relatively large level of variation or 
spread of data, indicating that there was significant variation between students’ numeracy ability values. The 
minimum score of 60 indicates that the lowest score obtained by a student in numeracy is 60, while the maximum 
score of 90 indicates that the highest score obtained by a student is 90.  

This illustrates that there is significant variation between the lowest and highest scores, indicating a gap between 
the students’ numeracy abilities. These findings are important to consider in developing learning strategies that aim 
to improve students’ overall numeracy abilities, as well as to pay special attention to students who have low levels 
of numeracy abilities. In conclusion, this descriptive statistical analysis provides a comprehensive picture of the 
distribution and characteristics of students’ numeracy ability scores, as well as providing a strong basis for decision 
making regarding curriculum development and learning strategies at the tertiary level. Next, the researcher carried 
out a t test analysis to answer the research hypothesis, the results are according to Table 3. 

Table 3 shows the results of hypothesis testing regarding the implementation of STEM on students’ numeracy 
abilities using the One Sample Test. In this test, a t-test value was obtained of 12.005 with a significance level (Sig.) 
of 0.000. These results indicate that there is a significant difference between the sample mean (sample average) and 
the population mean (population average) in students’ numeracy abilities. Sig value. which is close to zero indicates 
that the difference does not occur by chance, but is caused by the implementation of STEM in mathematics 
learning. In this context, the mean difference obtained was 19.075, indicating that there was a significant average 

Table 1. Numeracy ability indicator 
No Indicator Item 
1 Use various kinds of numbers or symbols related to basic mathematics in solving daily life problems. 1, 2, 3 
2 Analyze information displayed in various forms (graphs, tables, charts, diagrams, and so on). 4, 5, 6, 7 
3 Interpret the results of the analysis to predict and make decisions. 8, 9, 10 
 

Table 2. Descriptive statistics 
Variable Grade 
Valid 40 
Mode 60 
Median 70 
Mean 70.075 
Standard error of mean 1.589 
Standard deviation 10.050 
Coefficient of variation 0.143 
Variance 100.994 
Minimum 60 
Maximum 90 
 

Table 3. One-sample test (test value = 51) 

 t df Sig. (2-tailed) Mean difference 95% confidence interval of the difference 
Lower Upper 

Data 12.005 39 .000 19.07500 15.8610 22.2890 
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difference between students’ numeracy abilities before and after implementing STEM in mathematics learning. 
These results indicate that the implementation of STEM has a significant positive impact on improving students’ 
numeracy skills. This is in accordance with the main objective of this research, which aims to identify the effect of 
STEM implementation on students’ numeracy abilities. 

From the results of this hypothesis test, it can be concluded that effective implementation of STEM can 
improve students’ numeracy skills. These results are consistent with previous research findings which show that 
STEM-based learning approaches have a positive impact on student learning outcomes, especially in the context 
of mathematics learning. The implementation of STEM brings innovation in mathematics learning by integrating 
science, technology, engineering and mathematics in a learning framework that is holistic and oriented towards 
practical application. Figure 1 is a diagram of the accuracy of answering each indicator of numeracy ability based 
on student answers. 

Use Various Kinds of Numbers or Symbols Related to Basic Mathematics in Solving Daily Life 
Problems  

In this section, almost all students answered correctly the questions given in questions number 1-3, by 90%. 
This indicator represents students’ numeracy skills in using symbols and numbers in solving problems in everyday 
life. This is in line with STEM learning which trains and provides opportunities and experiences for students to 
develop the skills they need (Skills and Faculty, 2024; Morris et al., 2021). Students are directly involved in 
determining the correct symbols and formulas in answering questions. 

Analyze Information Displayed in Various Forms (Graphs, Tables, Charts, Diagrams and So On) 

In this section, students answered correctly the questions given in questions number 4-7, by 83%. This indicator 
represents students’ ability to read and create graphs based on the data provided. Apart from that, students are 
able to utilize technology-based media such as MS. Excel to solve math problems. Students are seen exploring with 
group friends during the learning process in class, and are able to apply mathematical concepts well. 

Interpret the Results of the Analysis to Predict and Make Decisions 

In this section, students answered correctly the questions given in questions number 8-10, by 78%. This 
indicator shows that some students are able to make good interpretations, although there are some students who 
still make mistakes in interpreting data from the questions given, such as determining the formula used in solving 
mathematical problems. However, in the classroom process, it can be seen that groups of students discuss with 
each other to minimize errors in answering practice questions. This stage is in line with the concept of STEM 
learning, namely providing opportunities and breadth of creativity in discovering concepts with different 
experiences. 

The positive impact of STEM implementation on students’ numeracy abilities has broad implications in the 
context of higher education. First, this shows the importance of developing a curriculum that integrates a STEM 
approach in mathematics learning as an effort to improve the quality of mathematics education. Second, these 
findings also provide a basis for developing training programs to increase educators’ competence in implementing 
STEM-based learning approaches. Third, these results can be used as a basis for formulating educational policies 

 
Figure 1. Result diagram numeracy ability indicator 
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that support the implementation of STEM in various higher education institutions. In addition, it should be 
remembered that these results were obtained from a sample consisting of 40 students. Therefore, these results can 
be considered representative of the broader student population. However, to ensure the generalisability of these 
results, it is recommended to conduct further research with larger and more representative samples. 

The implementation of STEM (Science, Technology, Engineering and Mathematics) has a significant positive 
impact on improving students’ numeracy skills. Studies have shown that the STEM approach is effective in 
improving critical and creative thinking skills in mathematics in students at various levels of education, including 
elementary school, middle school, high school, and university (Jung et al., 2023). The application of STEM-based 
learning through lesson study has also been proven to have a positive impact on teachers and students, improving 
critical and creative thinking skills, problem solving abilities, and learning achievement (Nursyahidah and 
Mulyaningrum, 2022). Furthermore, the implementation of STEM-based learning in a biology context is also 
known to improve student learning outcomes, scientific literacy skills, critical thinking skills, creativity and scientific 
thinking skills (Gunadi et al., 2023). Overall, the integration of STEM in mathematics and science learning has a 
positive impact on improving students’ mathematics abilities (Julita et al., 2022). 

CONCLUSION 

Based on the results of research using STEM implementation on students’ mathematical numeracy abilities, the 
t-test value was 12.005 and Sig. (2 tailed) of 0.000. High t-test value and Sig. value. (2 tailed) which is close to zero 
indicates that there is a significant influence of STEM implementation on students’ mathematical numeracy 
abilities. The conclusion of this research is that the implementation of STEM has a significant and positive impact 
in improving students’ mathematical numeracy skills. This shows that the STEM-based learning approach is 
effective in improving students’ understanding and skills in the context of mathematics. These results are important 
because they emphasize the importance of integrating STEM in mathematics education to strengthen students’ 
numeracy skills. 

Based on these results, it is recommended that educational institutions and teachers encourage more 
implementation of STEM-based learning approaches in mathematics courses. Further research can also be 
conducted to explore the effectiveness of various STEM implementation strategies in improving students’ 
numeracy skills. In addition, there is a need for training and support for teachers in integrating STEM approaches 
into the mathematics curriculum. Thus, it can be hoped that the implementation of STEM can be an effective 
solution in improving students’ mathematical numeracy skills at the higher education level. 
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