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ABSTRACT

To succeed in today’s era, a person must possess 21st-century skills, which include communication and col-
laboration. With a Simple Hydraulic Pump project, this study aims to enhance students’ communication and 
collaboration skills through STEM learning at the junior high school level. This quantitative study applied a 
quasi-experimental approach with a pretest-posttest control group research design. The participants are 38 out of  
228 8th-grade students in two junior high schools in Bandung, Indonesia. Statistical analyses using the Wilcoxon 
Signed Rank tests were done on the data obtained through pretests and posttests. The results indicate a non-sig-
nificant gain in communication skills of  students in the experimental group compared to the control group, with 
a significance value of  0.67 (sig. >0.05), meaning that there is a non-significant difference between pretest and 
posttest results. Meanwhile, the collaboration skills of  students in the experimental group increased significantly 
compared to the control group, with a significance value of  0.03 (sig. <0.05), indicating a significant difference 
between the pretest and posttest results. Using Cohen’s d, it is evident that students’ collaboration skills experi-
ence a medium increase (r=0.22). Furthermore, students’ communication and collaboration skills were measured 
using the Performance Assessment Rubric. The results demonstrate that STEM learning using a simple hydraulic 
pump project can enhance students’ collaboration skills but not their communication skills. This implies that 
while STEM learning helps students improve their collaboration skills, other methods are needed to assist them 
in developing their communication skills.
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INTRODUCTION

The rapid development of  science and 
technological advances in recent years have made 
STEM learning a highly sought-after research 
subject. To thrive in the 21st century, people need 
to acquire a variety of  skills, including the ability 
to gather, analyze, and communicate informati-
on, collaborate with others in solving complex 
problems, and create things with existing techno-
logies (Griffin & Care, 2014). According to Bybee 
(2013), STEM education should focus on produ-

cing solutions for challenges and problems that 
arise in the real world. Thus, STEM education 
is introduced to help students solve their prob-
lems (Idin, 2018). STEM education is not me-
rely about imparting information; it also applies 
multidisciplinary knowledge, such as Science and 
Mathematics, through the integration of  enginee-
ring and design practices (Hamdu et al., 2020).

In Indonesia, the preparation to imple-
ment STEM learning has been underway since 
the 2013 National Curriculum was put into effect. 
The low graduate competencies, extremely broad 
and irrelevant content, and teacher-centered, 
textbook-oriented learning that uses cognitive-



M. F. Amri, E.C.Prima, N. Winarno, M. Mohamad  / JPII 13 (3) (2024) 391-400392

focused assessments highlight the importance of  
implementing STEM education in this country 
(Suwarma & Kumano, 2019). This is reflected in 
the Programme for International Student Assess-
ment (PISA) 2018 Results, where Indonesia ran-
ked 71st in the science category with a score of  
396, far below the average OECD score of  489. 
Similarly, Indonesia ranked 72nd (seventh from 
the bottom) in the mathematics category with a 
score of  379. Overall, these results place Indone-
sia in the 74th position or sixth from the bottom 
(Schleicher, 2018).

The 4Cs, namely critical thinking, creati-
vity, communication, and collaboration, are core 
competencies that make up the majority of  21st-
century skills. Students possessing these learning 
skills will be better equipped to succeed in the glo-
bal economy and face the challenges of  the 21st 
century (Soh et al., 2010). Science, Technology, 
Engineering, and Mathematics (STEM) educati-
on is closely linked to the development of  21st-
century skills, which also encompass the concepts 
of  active learning, complex problem-solving, and 
technology creation. In this regard, “21st-century 
skills demand innovation, persistence, and prob-
lem-solving mixed with effective cooperation” 
(Musa et al., 2013). STEM education helps stu-
dents acquire these 21st-century skills, enabling 
them to have the ability to invent technological 
designs and engage in complex problem-solving 
(Corlu et al., 2014). According to Akgündüz et al. 
(2015), there is a growing demand for education 
systems that provide children with early access to 
modern information (including information and 
communication technologies) and assistance in 
developing critical thinking, entrepreneurial spi-
rit, creativity, sense of  responsibility, and prob-
lem-solving abilities. STEM education is among 
the approaches that can be applied at all levels of  
education to achieve this purpose. 

Before applying STEM learning to a par-
ticular subject, educators must first understand 
the materials. In this study, STEM learning was 
implemented in Physics subject. As a component 
of  the natural sciences discipline, physics focuses 
on traits commonly associated with phenomena 
or objects discovered through experimentation, 
coherent methods, and objectivity that utilize 
scientific practices and attitudes (Putri et al., 
2022). It is also defined as information collected 
through various means, including experiments, 
observations, and inferences, to explain a pheno-
menon accurately (Trianto, 2012). This study 
applied STEM learning during the “Pressure” 
discussion, a topic included in the 2013 National 
Curriculum. Understanding this topic requires vi-

sualizing numerous concepts, such as hydrostatic 
pressure, Archimedes’ principle, Pascal’s law, and 
how pressure acts in different media.

In physics, pressure (particularly of  fluid), 
is an essential concept to understand. Fluid 
pressure is a concept within fluid mechanics 
(Buyai & Srisawasdi, 2014). Several prior studies 
have reported that students encounter difficulties 
in understanding the concept of  pressure. For 
example, Kariotoglou & Psillos (1993) found that 
students often misunderstand the concept of  fluid 
pressure. 

While there is a growing need for the de-
velopment of  STEM learning as a teaching met-
hod that enables students to be more involved in 
the learning processes and thereby develop their 
learning skills (the 4Cs), studies that focus on the 
communication and collaboration aspects of  the 
4Cs remain very limited. In addition, educatio-
nal institutions still do not realize how important 
it is for students to develop their collaboration 
skills, which can ultimately enhance their com-
munication and problem-solving skills (Brownell 
& Walther-Thomas, 2002; Jackson, 2004; Eroz-
kan, 2013). Meanwhile, it has been proven that 
individuals with great communication skills ge-
nerally have high self-confidence, are respectful 
and open to sharing, and can work together with 
others (Bilen, 2004), whereas those who lack self-
confidence, are fearful, and fail to empathize will 
have problems communicating (Berscheid, 1994 
as cited in Erözkan, 2009)

Several previous studies have examined 
the implementation of  STEM learning in junior 
high school. In their study, Crippen & Antonen-
ko (2018) investigated collaborative problem-
solving in STEM cyberlearning by utilizing cyber 
technologies. However, their study focused on 
collaborative problem-solving, not collaborative 
skills. Lin et al. (2020) also studied junior high 
school students’ attitudes toward technology and 
technological inquiry ability by using 6E-oriented 
STEM practical activities, but they did not dis-
cuss students’ communication and collaboration 
skills.

Therefore, this study was conducted to fill 
the existing research gaps. In this study, students 
were asked to do a project of  designing a simple 
hydraulic pump during the Physics class on the 
topic of  pressure. The research questions of  this 
study are: 

a.	How can STEM learning through a
hydraulic pump project be implemented
in class?
b.	How does STEM learning through a 
hydraulic pump project improve students’ 
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communication skills?
c.	How does STEM learning through a 
simple hydraulic pump project improve
students’ collaboration skills?

METHODS

This study employed a quantitative appro-
ach to analyze scores collected on the research 
instruments to answer the research questions. 
According to Creswell (2007), quantitative rese-
arch gathers closed-ended information, such as 
that found in attitude, behavior, and performance 
instruments.

A quasi-experimental design was applied 
to examine whether there is a causal relationship 
between independent and dependent variables 
(Rogers & Revesz, 2019). A variable is conside-
red independent when it exerts influence, and 
dependent when it receives influence (Loewen & 
Plonsky, 2017). 

This study was conducted in two private 
junior high schools in Bandung, Indonesia. Re-
search participants were selected using purposive 
sampling, which is a sampling technique. With 
purposive sampling, researchers do not simply 
work with available individuals; they use careful 
judgment to select samples that they consider ap-
propriate based on their prior knowledge (Fraen-
kel et al., 2011). In this study, participants were 
chosen among students domiciled in Bandung, 
Indonesia, who were studying the concept of  
pressure according to the 2013 National Curricu-
lum and were willing to participate in this study. 

A total of  38 participants out of  228 stu-
dents aged 15-16 years old from both schools 
were distributed evenly into the experimental 
class and control class. The performances of  stu-
dents in both groups were evaluated before and 
after treatment. Data were collected using per-
formance evaluations conducted by 3 expert ob-
servers. Table 1 illustrates the quasi-experimental 
pretest-posttest research design.

Table 1. Quasi-Experimental Pretest-Posttest
	  Design

Group Pretest 
(O1)

Treat-
ment

Posttest 
(O2)

Experimental O1 X O2

Control O1 O2

Notes:
- O1 are pre-tests that examine student’s commu-
nication and collaborative skills

- X is the treatment (the STEM project-based 
learning)
- O2 are post-tests that examine student’s com-
munication and collaborative skills

The research instrument used to measu-
re students’ communication skills was based on 
The Competent Speaker, a rubric assessment 
tool adopted by Dunbar et al. (2006). It consists 
of  6 indicators, i.e.: 1) choosing the right topic 
and limiting it according to the purpose and the 
audience; 2) communicating the purpose of  the 
speech in a manner appropriate to the audience 
and the occasion; 3) utilizing suitable supporting 
materials to fulfill the purpose of  the oral discour-
se; 4) applying a correct organizational pattern 
depending on the topic, audience, and occasion; 
5) employing proper language for the target audi-
ence; and 6) using vocal variation in rate, pitch, 
and intensity. Meanwhile, the research instru-
ment used to measure students’ collaboration 
skills was based on the rubric assessment adapted 
by Ofstedal & Dahlberg (2009) from the Colla-
boration Self-Assessment Tool (CSAT), with 11 
indicators tested namely contribution, kaizen 
(continuous improvement), time management, 
representation, preparedness, problem-solving, 
group processes, interaction with others, role fle-
xibility, and reflection.

Prior to the treatment, students took a 
pretest, and the observers used the rubric for 
performance assessment to evaluate students’ 
communication and collaboration skills. During 
the treatment, students were given a worksheet 
containing the challenges and criteria of  the pro-
ject. Then, a posttest was taken by the students 
and the results were evaluated using the same 
rubric for performance assessment applied in the 
pretest. The performances of  students in the ex-
perimental group were compared to the control 
group. The mean (average) results were calcula-
ted and analyzed using the SPSS program. First, 
a normality test was conducted and a statistical 
test was carried out on the results. Then, the 
Wilcoxon Signed-Rank tests were performed to 
discover whether or not the increase in students’ 
communication and collaboration skills was sig-
nificant. After that, Cohen’s d (effect size) test 
was conducted to measure the effect of  the gain 
and determine the effectiveness of  the treatment 
given. Table 2 describes the categories for Cohen’s 
d effect sizes.

In this study, the participants explored the 
concept of  pressure through a simple hydraulic 
pump construction project using a STEM appro-
ach. For this project, they were divided random-
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Table 2. Categories of  Cohen’s d Effect Sizes

Cohen’s d effect size Category

1.00 ≤ n very large

0.80 ≤ n ≤ 1.00 large

0.20 ≤ n ≤ 0.80 medium

0.00 ≤ n ≤ 0.20 small

ly into 5 groups of  4-5 members. Group place-
ment was done by the students themselves using 
a wheel containing group numbers. Each group 

was instructed to create a simple hydraulic pump 
design, where members jointly came up with the 
ideas, created the design, and evaluated the de-
sign they had prepared. Then, they were asked to 
investigate how the mechanism of  Pascal’s law is 
applied in real life. Lastly, they were also required 
to present the results of  their project in front of  
the class and explain the ideas behind their design 
as well as the results of  their evaluation (whether 
it needed further improvements or not). A lesson 
plan related to these processes has been previous-
ly prepared, as seen in Table 3 below.

Table 3. STEM Learning Lesson Plan

Meeting Activity Implementation Percentage

Meeting 1 Introduction Students are introduced to the prima-
ry concepts of  pressure, such as the 
principles governing pressure, hydro-
static pressure, Archimedes’ principle, 
and Pascal's law. 

100%

Meeting 2 Starting the project
(defining problems, exploring 
ideas, and designing the hydrau-
lic pump)

Students are given a worksheet de-
tailing the tasks to do upon complet-
ing their project, where they have to 
record their progress, document their 
project, illustrate their design, and 
describe the results. Students can use 
existing designs as references but are 
encouraged to modify them.

100%

Meeting 3 Finalizing the simple hydraulic 
pump design (testing and evalu-
ating)

Students are given the task of  finaliz-
ing the design they have created in the 
previous meeting using the tools and 
materials they have planned to use. 
Then, students are requested to dem-
onstrate their product in front of  the 
class and explain their design ideas. 
Finally, students are asked to evaluate 
their products to see if  there are any 
improvements they can make.

100%

In the pretest, students did the group work 
without implementing STEM learning. During 
this session, students were divided into small 
groups and asked to perform an experiment on 
optics. The lesson plan presented in Table 3 was 
implemented after the pretest. In the first mee-
ting, students were introduced to the main scien-
tific concepts of  pressure, such as the principles 
governing pressure, hydrostatic pressure, Archi-
medes’ principles, and Pascal’s law, to give them 
ideas of  the principles applied when they started 
their hydraulic pump project. Students were also 
introduced to the real-life uses of  these concepts, 
including in hydraulic pumps, which would be 
the pretext of  their upcoming project. After the 
introduction session, respondents were informed 

of  the project they had to do in the next meeting 
to ensure that they got the ideas of  what they 
would learn or do next.

In the second meeting, STEM learning 
was implemented in the experimental group. In 
this meeting, students were asked to do a project 
involving the construction of  a simple hydraulic 
pump. This meeting was divided into 3 steps: a) 
defining problems, b) exploring ideas, and c) de-
signing the hydraulic pump. STEM learning con-
tinued to be applied in the third meeting which 
comprised the last two steps of  the project: 1) 
testing and evaluation; and 2) communication of  
results.
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RESULTS AND DISCUSSION

Based on the observations made during the 
pretest, most participants were unwilling to work 
with their group members. Most of  the work was 
delegated to one or two students in each group, 
while the rest played a passive role. Most students 
were also reluctant to present the results of  their 
work. Yet again, they assigned this responsibili-
ty to one or two students in the group, who also 
demonstrated a lack of  understanding of  their 
work. In interpreting and describing their own 
work, these students asked the teacher for help. In 
addition, their voices were weak and could barely 
be heard and understood by the audience, indica-
ting that they had not developed the appropriate 
presentation, communication, and collaboration 
skills. These findings confirm the statement of  
Johnson & Johnson (1975) that the skills needed 
to collaborate have not necessarily been develo-
ped even among college students and adults in 
general because collaboration skills have not been 
considered important and thus were not taught 
comprehensively in previous generations. 

The first step of  the second meeting is de-
fining problems, which is the beginning of  the 
engineering design process (Baydere & Bodur, 
2022). In this study, students were presented with 
the problem of  how they could create a tool that 
would allow them to demonstrate the concept of  
Pascal’s law. The following is an excerpt from the 
worksheet that provides details of  the problem:

”You and your group members are one of  
the teams taking part in a competition to create 
an educational demonstration tool. In this com-
petition, you and your group members are tasked 
with designing and producing a working prototy-
pe of  a device, which, in this case, can be used to 
demonstrate the concept of  pressure. You are also 
given several criteria, some of  which are that the 
product is made of  affordable materials and can 
be operated easily.”

At this stage, students should imagine 
competing to make an instrument to demonstrate 
Pascal’s law following the criteria and limitations 
outlined in the worksheet. The engineering de-
sign process helps students create the tool while 
encouraging them to produce various solutions. 
This step is vital in making the best decisions 
(Gencer et al., 2019). Collaboration involves the 
“mutual engagement of  participants in a coor-
dinated effort to solve the problem together”. 
Collaboration is ”not about agreement; it is about 
creation” (Denise, p. 3). 

The next step is the exploration of  ideas. 
At this stage, students collected information and 

inspirational references from existing models that 
could assist them in designing their pump. To do 
so, they learned more about the mechanism and 
concept of  hydraulic pumps and were encoura-
ged to ask for their teacher’s opinions during the 
process. According to Han & Shim (2019), stu-
dents need to sort out the information they gather 
based on the problem given. Similarly, Baydere & 
Bodur (2022) stated that students should discuss 
relevant information and reflect on their past ex-
periences when facing a problem. 

These steps are essential to help students 
improve their communication and collaboration 
skills. Students shared the ideas they had exp-
lored with their group members and discussed 
them together. This aids students in developing 
the ability to use supporting materials, including 
organizational patterns appropriate to the topic, 
audience, and occasion, to conduct oral discourse 
more effectively (Dannels, 2001; Dannels, 2002). 
In this regard, students should be able to select 
suitable topics and narrow them down according 
to the given purpose as well as the needs and in-
terests of  the audience (Allen, 2002). Thus, their 
skills in delegating work, collaborating, and inte-
racting with others can be honed simultaneously, 
as suggested by Ofstedal & Dahlberg (2009).

The final step of  the first meeting is desig-
ning the pump. In this stage, students planned 
the design of  the hydraulic pump along with il-
lustrations, descriptions, and a brief  explanation 
of  how it works and the concept involved. The 
purpose of  this stage is for respondents to exchan-
ge and discuss ideas that can help them solve the 
presented issues, challenges, restrictions, and cri-
teria. Figure 1 displays an illustration created by 
one of  the groups participating in this project.

Figure 1. Initial Design of  Simple Hydraulic 
	   Pump by Group 4

The following is an excerpt attached to the 
picture.
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”Hydraulic pump is a tool that can be used to 
lift very heavy objects. Examples of  objects that 
can be lifted using this tool are machines and ve-
hicles. It is called a hydraulic pump because this 
tool uses a special fluid to be able to carry out the 
process of  lifting heavy objects.”

The illustration above is a design produ-
ced by Group 4 which decided to make a pump 
from simple ingredients, such as ink-jet syringes, 
a plastic aquarium hose, cardboard, and a used 
compact disc (CD). The pump has two ink-jet sy-
ringes connected by a plastic tube attached to a 
cardboard structure (with one end attached to a 
CD and the other filled with water). The water 
used must be in the right amount since this sys-
tem must be waterproof  for the hydraulic pump 
to function properly and water can be pushed to 
the other syringe.

When designing the pump, students brains-
tormed about the given problem with their group 
members and worked collaboratively in choosing 
and evaluating all possible solutions. By having 
discussions, students were eventually able to pro-
duce more feasible and practical solutions (Han 
& Shim, 2019). 

At this stage, students can also sharpen 
their communication and collaboration skills, 
particularly in choosing the most effective modes 
of  communication. Students learn to form and 
organize messages more effectively, determine 
the level of  receptivity of  others to their messa-
ges, give appropriate information, and support 
the messages with facts (Dunbar et al., 2006). 
Additionally, this stage helps students develop 
teamwork, time management, self-improvement, 
problem-solving, and presentation skills, as men-
tioned by Ofstedal and Dahlberg (2009).

This was the first stage of  the last meeting, 
where student tested the functionality of  their 
project by demonstrating how it worked in front 
of  the class. In this stage, students are asked to test 
whether or not their pump is functioning as inten-
ded. If  it fails, students are asked to describe what 
problems might prevent their pump from working 
properly and come up with suggestions for impro-
vements they can implement to fix the issues, at 
least temporarily. This is part of  the engineering 
design process as mentioned by the Accreditation 
Board for Engineering and Technology (ABET, 
2005), which includes the establishment of  objec-
tives and criteria, synthesis, analysis, constructi-
on, testing, and evaluation.

From the tests conducted, the products 
created by most groups worked perfectly without 
any problems. However, the pump produced by 

Group 3 experienced a liquid leak in the connec-
ting tube. Based on the evaluation they made, 
the members of  Group 3 concluded that the loo-
se connection between the tube and the syringe 
caused the leak. One solution they came up with 
to fix the problem was to apply waterproof  glue 
to the loose connection and seal it tightly.

The evaluation stage is crucial to impro-
ve students’ collaboration skills. At this stage, 
students learn to develop their ability to reflect 
(Ofstedal & Dahlberg, 2009) and evaluate the 
strengths and weaknesses of  their product, allo-
wing them to work towards possible solutions to 
improve their results.

At this final stage, students presented the 
results of  their project, where they explained the 
name of  their design, the mechanism, and the 
results they obtained from their project. Students 
were encouraged to ask questions to the presen-
ting group and the group members were required 
to answer those questions.

At this stage, students’ communication 
skills have begun to develop, especially in terms 
of  using language appropriate to the target audi-
ence (Erwin, 1991; Dougan, 1996), utilizing vo-
cal variation in rate, pitch, and intensity (Erwin & 
Sebrell, 2003), and articulating their ideas clearly 
with correct grammar and pronunciation, thus 
demonstrating nonverbal behavior that supports 
the verbal message (Morreale et al., 1993; Mor-
reale et al., 1998).

The results produced in this stage showed 
that the students have become more communica-
tive. Most of  the group members contributed to 
the presentation and participated actively in the 
discussions. Most students also enthusiastically 
asked questions to the presenting group, such as 
“Why does one end of  the pump rise if  you push 
the other end?”, or, “Can the liquid be replaced 
with air?”

It is observed that students’ collaboration 
and communication skills improved significantly 
by the end of  the last meeting. Students are more 
willing to work together as a group, take initiati-
ve, and become more inclined to help each other 
or share information with their group members. 

A rubric for performance assessment called 
The Competent Speaker adapted by Dunbar et al. 
(2006) was used to measure students’ communi-
cation skills. It consists of  a performance scale 
used in the teacher assessment sheet containing 6 
indicators rated on a scale of  1-4. The assessment 
of  students’ communication skills was conducted 
before and after treatment using STEM learning. 
After completing the pretest and posttest, the ob-
tained data were analyzed statistically to find out 
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if  there was any improvement in students’ com-
munication skills before and after the treatment. 
The data were compared between the pretest and 
posttest results as well as between the control and 
experimental groups. Table 4 presents the results 
of  the descriptive analyses of  students’ communi-
cation skills.

Table 4. Results of  Descriptive Analysis of  Stu-
dents’ Communication Skills

Group Test N sd Min. Max. x 

Experimental Pre-Test 57 3.9 70.8 87.5 80.3

Post-Test 57 5.8 79.2 95.8 85.0

Gain 57 4.3 -4.2 12.5 4.7

Control Pre-Test 57 4.5 50.0 66.7 57.1

Post-Test 57 5.7 54.2 70.8 61.8

Gain 57 4.3 -4.2 12.5 4.6

Meanwhile, the measurement of  students’ 
collaboration skills utilized another rubric for 
performance assessment based on CSAT adopted 
by Ofstedal & Dahlberg (2009). It comprises a 
performance scale used in the teacher assessment 
sheet containing 11 indicators rated on a scale of  
1-4. The assessment of  students’ collaboration 
skills was also conducted before and after treat-
ment using STEM learning. After completing the 
pretest and posttest, the obtained data were ana-
lyzed statistically to find out if  there was any imp-
rovement in students’ collaboration skills before 
and after the treatment. The data were compared 
between the pretest and posttest results as well 
as between the control and experimental groups. 
Table 5 describes the results of  the data analysis 
of  students’ communication skills.

Table 5. Results of  Descriptive Analysis of  Stu-
dents’ Collaboration Skills

Group Test N sd Min. Max. x 

Experimental Pre-Test 57 6.7 54.5 88.6 78.1

Post-Test 57 7.3 65.9 100.0 83.8

Gain 57 4.8 -2.3 18.2 5.6

Control Pre-Test 57 4.5 47.7 65.9 57.3

Post-Test 57 5.7 54.5 75.0 61.7

Gain 57 4.1 0.0 15.9 4.4

Before analyzing the data, it must be deter-
mined whether the hypothesis testing uses a para-
metric test or a non-parametric test. In this study, 
normality was measured first as the prerequisite 
for hypothesis testing. The Shapiro-Wilk Test was 
employed for the normality test on the pretest 
and posttest results of  students in the experimen-
tal group. The results of  the normality tests for 

students’ communication and collaboration skills 
can be seen in Tables 6 and 7.

Table 6. Results of  Descriptive Analysis of  Stu-
dents’ Communication Skills

Group Test
Sta-

tistics
p

Skew-
ness

Kurto-
sis

Experimental Pre-Test 0.869 0.000 0.053 0.303

Post-Test 0.831 0.000 0.701 -0.834

Control Pre-Test 0.905 0.000 0.090 -0.868

Post-Test 0.895 0.000 0.167 -1.180

p > .05 = normal distribution

Table 7. Results of  the Normality Tests for Stu-
dents’ Collaboration Skills 

Group Test
Sta-

tistics
p

Skew-
ness

Kurto-
sis

Experimental Pre-Test 0.859 0.000 -1.539 3.917

Post-Test 0.937 0.000 0.535 0.388

Control Pre-Test 0.956 0.039 0.005 -0.745

Post-Test 0.904 0.000 0.823 -0.085

p > .05 = normal distribution

For students’ communication and colla-
boration skills, the normality scores of  the pre-
test and posttest results in both experimental and 
control groups were ∂ < 0.05. This indicates that 
the data is not normally distributed. Based on the 
results of  the normality tests, a non-parametric 
test using the Wilcoxon Signed-Rank Test was 
used to test the hypothesis because the results 
of  the prerequisite test did not meet the require-
ments of  a parametric test.

The Wilcoxon signed-rank tests were done 
to determine whether there was a significant dif-
ference between the scores of  the same students 
who participated in the pretest and posttest in 
terms of  their communication and collaboration 
skills. This assessment was used to compare the 
score gains between the experimental and control 
groups to observe whether the implementation of  
STEM learning results in a more significant inc-
rease in students’ communication and collabora-
tion skills compared to the control group. Based 
on the test results presented in Table 8, there is no 
significant difference (p>0.05) between the score 
gains of  students’ communication skills before 
and after the implementation of  STEM learning 
compared to the control group. Meanwhile, the 
test results shown in Table 9 indicate a significant 
difference (p<0.05) between the score gains of  
students’ collaboration skills before and after the 
implementation of  STEM learning compared to 
the control group. Furthermore, the effect size for 
students’ collaboration skills (r=0.22) can be con-
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sidered a medium improvement. 
Numerous factors may contribute to stu-

dents’ communication skills not improving noti-
ceably, one of  which is that in the implementati-
on of  STEM learning, there is a lack of  activities 
that encourage students to exercise their commu-
nication skills. It is also suspected that students 
may have different understandings of  the con-
cepts of  effective communication. Meanwhile, 
the increase in students’ collaboration skills may 
be attributed to the fact that STEM learning al-
lows students to collaborate and interact with 
their peers. The National Science Board (NSB, 
2010) stated that in STEM education, students 
should have the opportunity to experience peer 
collaboration and interactions. STEM learning 
can also create a collaborative learning environ-
ment that promotes hands-on and mind-building 
activities (Socratous & Ioannou, 2018; Nugent et 
al., 2010; Mitnik et al., 2009). All of  these factors 
contribute to improving students’ collaboration 
skills. 

The results of  this study confirm the fin-
ding of  a previous study by Latip et al. (2020) 
which stated that STEM learning positively im-
pacts students’ collaborative skills in terms of  
social regulation. This is because teamwork and 
collaboration activities during project completion 
make students understand their roles and the roles 
of  their friends, a condition called transactive me-

mory (Ziaeefard et al., 2017). This also supports 
the finding of  another study which explained 
that socially shared regulation has a positive ef-
fect on the collaboration process among students. 
Similarly, Anderson (2002) also discovered that 
students’ collaborative problem-solving perfor-
mance is significantly better in a STEM learning 
environment. When adaptive domain-specific 
support (STEM learning environment) is provi-
ded, collaborative problem-solving performance 
can be enhanced (Karakostas & Demetriadis, 
2011; Kopp et al., 2014). 

However, the findings of  this study also 
contradict the results of  several prior studies. Ri-
dlo (2020) found that the application of  STEM 
learning in elementary schools can significant-
ly improve students’ communication skills. The 
finding of  their study is in line with the result of  
another study by Mukaromah & Wusqo (2020) 
which stated that the STEM approach has an 
extremely significant effect on students’ creati-
vity and communication skills. Prabaningrum 
& Waluya (2020) also reported in their study 
that students’ communication skills improved 
through the project-based learning (PjBL) model 
with the STEM approach strategy. This is further 
supported by Diana & Sukma (2021) who stated 
that PjBL and STEM education can improve stu-
dents’ communication skills.

Table 8. Results of  the Wilcoxon Signed Rank Tests for Students’ Communication Skills Gain

Rank N Sum of  Ranks Mean Ranks Z p Cohen’s d

Negative Rank 6 4.600 0.760

-0.422

0.673

(no sig 
diff)

Positive Rank 8 5,900 0.380

Ties 43

p < .05 = significant difference

Table 9. Results of  the Wilcoxon Signed Rank Tests for Students’ Collaboration Skills Gain

Rank N Sum of  Ranks Mean Ranks Z p Cohen’s d
Negative Rank 6 4.150 0.692

-2.172
0.030

(sig. diff)
0.255 (Medium)Positive Rank 13 14.850 2.900

Ties 38
p < .05 = significant difference

CONCLUSION

All stages in STEM learning used in this 
study are considered successfully carried out. The 
results of  the statistical analysis of  students’ pre-
test and posttest results as well as the Wilcoxon 
Signed-Rank Tests on students’ communication 
skills indicate no significant difference between 
the scores of  students’ communication skills be-
fore and after the implementation of  STEM lear-

ning. 
Conversely, based on the results of  the sta-

tistical analysis of  students’ pretest and posttest 
results as well as the Wilcoxon Signed-Rank Tests 
on students’ collaboration skills, there is a signi-
ficant difference between the scores of  students’ 
collaboration skills before and after the imple-
mentation of  STEM learning. Furthermore, 
Cohen’s d effect size on students’ collaboration 
skills shows that it can be considered to have ex-
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Table 8. Results of  the Wilcoxon Signed Rank Tests for Students’ Communication Skills Gain

Rank N Sum of  Ranks Mean Ranks Z p Cohen’s d

Negative Rank 6 4.600 0.760

-0.422

0.673

(no sig 
diff)

Positive Rank 8 5,900 0.380

Ties 43

p < .05 = significant difference

Table 9. Results of  the Wilcoxon Signed Rank Tests for Students’ Collaboration Skills Gain

Rank N Sum of  Ranks Mean Ranks Z p Cohen’s d
Negative Rank 6 4.150 0.692

-2.172
0.030

(sig. diff)
0.255 (Medium)Positive Rank 13 14.850 2.900

Ties 38
p < .05 = significant difference

perienced moderate improvement.
The findings of  this study imply that, com-

pared to conventional learning, the implementa-
tion of  STEM learning successfully improved stu-
dents’ ability to collaborate, but not their ability 
to communicate. This may be due to students’ dif-
ferent understanding of  the concepts of  effective 
communication and the lack of  activities that en-
courage students to exercise their communication 
skills. In conclusion, while STEM learning can 
be used to increase students’ collaboration skills, 
other methods may need to be employed to imp-
rove students’ communication skills. The findings 
of  this study can help researchers and educators 
determine how effective the implementation of  
STEM learning is in improving students’ collabo-
ration and communication skills, which are parts 
of  the 4Cs needed in the 21st century.
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