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ABSTRACT 

The objective of this research was to find out the effectiveness of STEM-based student worksheets to improve 

data literacy. The research method used is in the form of Quasi-experimental research design with the One-

Group Pretest-Posttest. Students of class XI MIPA 2 in MAN 2 Yogyakarta were the subjects of this research. 

The data analysis included the results of the pretest, posttest, N-Gain test and non-parametric statistical tests to 

determine the increase in student data literacy descriptively. Based on the findings of the data analysis, it was 

achieved: 1) there was an increase in the value of data literacy taught using STEM-based student worksheets 

with N-Gain of 71% in the high category; and 2) STEM-based student worksheets are effective for improving 

participant data literacy by obtaining sig values. equal to 0.000 which is smaller than α = 0.005 
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1. INTRODUCTION 

The developments that occur in the 21st century 

have a fundamental effect on various aspects of life 

in the fields of economy, transportation, technology, 

information, and communication. In response to this, 

education plays an important role in producing 

quality human resources with a series of 

competencies needed in this century [1]. Several 

things are strengthened from the 2013 revised 2017 

Curriculum listed in Permendikbud Number 23 of 

2017 concerning School Days, one of which is 

literacy mastery. Mastery of literacy is a competency 

that is useful for students to become qualified human 

resources and able to face global competition. 

Therefore, the government is promoting new literacy, 

one of which is data literacy. The need for data-based 

skills continues to increase in various aspects of life 

[2]. Data-based decision making (big data) has 

become the top position by shifting negotiation skills 

and intelligence in thinking and acting [3]. The 

ability to read, analyze, and make conclusions about 

the data or information collected is connected to data 

literacy [2]. Other competencies such as 

mathematical literacy, critical thinking skills, 

analytical skills, argumentative abilities, and others 

can also be born from data literacy [4]. A person with 

low data literacy skills will find it difficult to find a 

career position in the current 21st century era. This is 

because almost all jobs in various fields are related to 

data. For example, in the field of sociology, it focuses 

on data collection and statistical analysis skills, 

economics emphasizes data analysis and modeling 

capabilities, and bioinformatics is related to the 

ability to use computers as a tool to store, retrieve, 

and analyze biological information [5] 

Data literacy is one of the abilities that must be 

emphasized in learning, especially physics. Physics is 

categorized as physical knowledge which includes 

processes, products, and scientific attitudes that are 

cyclic, interrelated and explain how these natural 

phenomena are through observation and research. 

Data literacy in learning physics therefore plays a 

role in encouraging thought skills that are helpful in 

solving problems in daily life [4]. Besides, data 

literacy is needed because the data contains a variety 

of information that is completely compiled so that it 

requires appropriate observation skills for students to 

obtain information  [6]. Data literacy in education 

aims to make students become data literate science 
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workers and develop professional students in data 

management [7]. 

Research by the SDL (Science Data Literacy) 

project on student data literacy shows that the level of 

data management literacy is still poor. As the average 

percentage of the overall data literacy ability is 

55.72% [4]. Several factors influence the 

achievement of data literacy competencies, among 

which learning is still dominated by the role of the 

teacher and the lack of innovation in the application 

of the learning approach and learning tools used [4]. 

Reflecting on this problem, activities, approaches, 

and learning tools are needed that can develop 

students' data literacy [8]. 

Learning activities through practicum activities 

can make the physics learning process interesting and 

easy to understand [9]. One of the learning media that 

can support this activity is student worksheets. 

Student worksheets are considered to be able to 

increase students' data literacy because it involves 

providing information and communicating their 

findings to others. This is in line with learning 

activities at student worksheets which require 

students to communicate the results of student work 

experiments by following scientific work principles 

[10]. Practical activities in student worksheets train 

the involvement of students in active learning [11] so 

that the participation of students in learning will 

increase.  

However, the use of student worksheets has only 

emphasized the cognitive aspects without paying 

attention to aspects of reasoning and evaluation and 

their application to scientific concepts [12]. Besides, 

the combined model in student worksheets only leads 

to unsustainable experimental stages so that students' 

understanding is limited to experiments [13]. 

Therefore, efforts are needed to develop data literacy 

skills and sustainable understanding that are realized 

through the right learning approach. One of them is 

through the STEM (Science, Technology, 

Engineering, and Mathematics) approach. 

The STEM approach integrates learning with four 

disciplines, including science, technology, 

engineering, and mathematics, into one learning 

process [14] that can maximize the quality of 

students' knowledge and skills [15].  The STEM 

approach emphasizes several aspects of the learning 

process, namely: 1) asking questions and defining 

problems; 2) creating and using models; 3) planning 

and conducting investigations; 4) analyzing and 

interpreting data; 5) using mathematics, information 

technology, and computers and thinking 

computationally; 6) generating explanations (science) 

and designing solutions (engineering); 7) engage in 

evidence-based arguments; 8) knowledge is obtained, 

evaluated and confirmed [16]. The STEM approach is 

considered suitable for improving the data literacy of 

students based on these aspects. STEM learning can 

also develop skills in the development and use of 

different data forms [17]. 

STEM research is mostly to improve learning 

outcomes, attitudes towards science learning, 

learning motivation, creativity, and learning 

activities, while STEM research to improve data 

literacy is still rarely done. STEM can improve 

students' perceptions and attitudes during the learning 

process [18]. Besides, the STEM approach can 

increase the creativity of students in solving problems 

in everyday life [18] and can increase the learning 

motivation of students [19], [20]. Based on this, it can 

be concluded that there are many positive effects 

obtained by the process through the use of the STEM 

approach in learning. The combination of student 

worksheets and STEM is an appropriate learning 

medium to increase student data literacy. Therefore, 

this study was conducted to answer the problem of 

how the effectiveness of STEM-based student 

worksheets to improve students’ data literacy. 

2. RESEARCH METHODS 

2.1. Research design and research subjects 

This research was a descriptive quantitative 

research with Quasi Experiment research type. Quasi 

Experiment is research whose structure is identical to 

that of an experiment, but since the analysis is limited 

to random assignments, the circumstances and 

experiences of the participants lack control [21]. The 

research design used was One-Group Pretest-Posttest 

where the ability of a group was tested and observed 

before and after treatment, as shown in the following 

figure [22]. 

 

Figure 1 One-group pretest-posttest 

The design of the One-Group Pretest-Posttest was 

chosen because it can compare the outcomes before 

and after being treated using the same measuring 

instrument with the same participants [22]. 

The research was conducted at MAN 2 

Yogyakarta with the research subjects of class XI 

MIPA students. The research was conducted in the 
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MIPA 2 class as a welding experiment for as many as 

22 students. The determination of the subject based 

on the purposive sampling technique. Learning in the 

experimental class uses STEM-based student 

worksheets on the light waves’ topic. 

2.2. Research procedure 

This research procedure is in the form of 

formulating problems, determining research 

objectives, selecting research titles, studying 

literature, making research instruments, validating 

instruments, collecting data, analyzing data, drawing 

conclusions, and compiling reports. Making research 

instruments includes making lesson plans, STEM-

based student worksheets, and data literacy 

assessment instruments. The research data was 

obtained through a test question instrument aimed at 

class XI MIPA 2 students. The data literacy test 

instrument used four indicators consisting of six 

questions. Four indicators include collecting data [5], 

understanding data [23], analyzing data [24] and 

managing data [25]. 

2.3. Data analysis 

Testing the effectiveness using a qualitative 

descriptive approach and quantitative statistical 

analysis. Quantitative statistical analysis was 

performed using the N-Gain test and non-parametric 

statistical tests. The N-Gain test to determine the 

increase in the pretest-posttest value using the 

equation: 

max

post pre

pre

S S
N gain

S S


 


 (1) 

with the N-gain acquisition category [26]: 

Table 1. N-gain acquisition category 

No. Interval Category 

1 (g) ≥ 0,70 High 

2 0,30 ≤ (g) ≤ 70 Medium 

3 (g) < 30 Low 

In addition, a statistical test was performed with 

the aid of the SPSS 21.0 software to assess the 

increase between the pretest and posttest by 

conducting a non-parametric statistical test using the 

Wilcoxon test. The basis for decision making is if the 

sig. > 0.05 then H0 is accepted but if the value is sig. 

> 0.05 then H0 is rejected. 

 

 

3. RESULT AND DISCUSSION 

Testing the effectiveness of STEM-based student 

worksheets was carried out in one experimental class 

using STEM-based student worksheets with light 

waves topic. This effectiveness test is to determine 

the increase in pretest and posttest scores and to 

determine the increase in students' data literacy skills. 

3.1 Description of Student's Pretest-posttest 

Data Literacy Value  

Table 2. Description of the pretest-posttest data 

literacy values of students.  

 
Pretest Posttest 

Sample (N) 22 22 

Minimum score 33 50 

Maximum score 83 100 

Mean 46.82 83.23 

Std. Deviation 18.461 13.533 

Based on Table 2, it shows that there is a 

relatively high difference in the concentration of the 

pretest and posttest data literacy scores of students. 

The average value of the pre-test and post-test 

respectively were 46.82 and 83.23. This shows that 

the posttest score is higher than the pretest score, it 

can be concluded that there is an increase in the value 

of data literacy taught using STEM-based student 

worksheets. 

3.2 Improve Student Data Literacy 

There is an improvement in the data literacy of 

students that can be seen with the N-Gain acquisition 

category, namely low, medium, and high categories, 

through the measurement of normalization (N-Gain). 

The results of the N-Gain score calculation can be 

seen in Table 3 below: 

Table 3. Description of N-Gain data literacy learners 

Analysis Percentage N- Gain Score (%) 

Average 71 

Lowest 25,37 

Highest 100 

Variance 495.54 

St. Deviation 22.26 

Based on the results of the N-Gain analysis in 

Table 3, it is known that the average N-Gain obtained 

is 71% in the high category. Furthermore, the 
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percentage of students' N-Gain score achievement 

can be seen in Figure 2. 

Figure 2 indicates that 59% of students have 

improved high-category data literacy; 36.36% of 

students observed an improvement in moderate 

category in data literacy; and 4.54% of students 

experienced an increase in low-category data literacy. 

A significant percentage, namely 59% for the class, 

was obtained by N-Gain with high category. This 

suggests that, after receiving treatment using STEM-

based student worksheets, there is an improvement in 

the data literacy abilities of students. 

 

Figure 2 The percentage of students' data literacy N-

Gain scores 

3.3 Effectiveness of STEM-based Student 

Worksheets on Student Data Literacy 

The effectiveness test was conducted using the 

Wilcoxon hypothesis test to assess the difference 

between students' pre-test and post-test outcomes of 

students on the use of STEM-based student 

worksheets. 

Table 4. Wilcoxon test results 

 
Post Test-Pre Test 

Z -4,136 b 

Asymp. Sig. (2-tailed) .000 

The significance value is 0.000 < 0.005, based on 

the results of hypothesis testing using Wilcoxon in 

Table 4, so H0 is rejected and Ha is accepted. This 

suggests that in the pre-test and post-test outcomes, 

there are differences in the data literacy abilities of 

students. So, it can be concluded that the STEM-

based student worksheets are effective for improving 

the data literacy of MAN 2 Yogyakarta students.  

 

3.4 Discussion 

Learning using STEM-based student worksheets 

has a positive effect on students, especially in terms 

of increasing data literacy. The increase in students 

'data literacy using STEM-based student worksheets 

was determined from the achievement of the N-Gain 

score through the students' pretest and posttest 

results. The N-Gain score obtained indicates the high 

category. The effectiveness of increasing data literacy 

skills after using STEM-based student worksheets is 

effective, where based on the Wilcoxon test results 

obtained a sig <0.05, which indicates that H0 is 

rejected. This is in line with many studies that, after 

using the STEM approach, show an improvement in 

data literacy skills [17], [27]. 

The STEM approach in student worksheets is in 

the form of teaching, learning content, and scientific 

practice which includes science and mathematics by 

integrating relevant engineering practices and 

engineering design technologies [28]. The treatment 

given in this study was that students were trained to 

improve data literacy indicators, including finding 

data, understanding data, analyzing data, and 

processing data through learning using STEM-based 

student worksheets. The indicators can be fulfilled 

because students carry out learning in accordance 

with the activities at the student worksheets. This 

activity includes interpreting the phenomenon of light 

waves in everyday life, solving problems, designing 

experiments, analyzing and answering questions from 

detailed and systematic experimental steps in 

accordance with student worksheets. Students look 

active and enthusiastic in all activities, especially in 

interpreting phenomena and designing experiments. 

This shows that STEM-based student worksheets 

help students connect the principles of physics with 

everyday life so that they can improve student 

learning outcomes. 

STEM aspects of learning in the form of asking 

science questions and defining problems, planning 

and investigating, using mathematics; technology and 

computers; and computational thinking, and 

obtaining, evaluating and communicating information 

[29]. From these aspects, it helps develop students' 

data literacy skills, where data is obtained, 

interpreted, analyzed and developed in learning. The 

development of data literacy competencies in 

students can provide benefits for the alignment of 

skills needed for the future [30]. The STEM approach 

is the most appropriate form of approach in preparing 

the literacy generation to answer the demands of the 

21st century [31]. There are several efforts that can 

be made to improve 21st century skills, especially 
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student data literacy, including educators who can 

innovate in using student-centered learning models. 

Learning models that can be used are for example 

Project Based Learning, Inquiry, Problem Based 

Learning and Discovery Learning which are 

recommended as STEM-based learning models [27]. 

4. CONCLUSION 

Students' data literacy ability has improved, with 

post-test results higher than the students' pre-test 

results in MAN 2 Yogyakarta. In the high category, 

the average N-Gain obtained was. In addition, 

STEM-based student worksheets have proven 

effective in improving the data literacy of students, 

especially in class XI MIPA MAN 2 Yogyakarta light 

waves topic. Based on this, educators are expected to 

be able to design learning tools related to the abilities 

needed in the 21st century, including learning with 

the STEM approach. 
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