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Abstract

Gender plays a crucial role in science and engineering education. This study aims to explore 
gender’s role in an engineering design process (EDP) classroom, particularly in relation to 
argumentation skills. This qualitative research used a case study and focused on student 
behavior contributions to argumentation skills, separated by gender. The participants included 
12 students (6 male and 6 female) in 8th grade who participated in a collaborative group 
problem-solving exercise. All activities of students in the EDP classroom were recorded and 
transcribed to be coded using code-driven argumentation theory (claim, data/evidence, and 
reasoning). According to the results, the male students were more active in constructing 
reasoning in argumentation skills than the female students. Additionally, the female students 
actively claimed scientific phenomena and communicated during the discussion stage.
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Introduction 

 In the twenty-first century, scientific argumentation has become 
a skill whereby students need to conceptualize the core ideas about 
science. The Next Generation Science Standard (NGSS) also 
mentions that argumentation has become one of the engineering and 
scientific practices used to advance scientific thinking (NGSS, 2013). 
Argumentation is required to build the concept of science based on 
the accuracy of the evidence (Erduran et al., 2015). In addition, 
argumentation involves the skill of critically evaluating a claim and 
the reasons given to support it (Iordanou, 2022).
 Argumentation can be described as a discourse in which 
knowledge claims are individually and collaboratively constructed and 
evaluated, given empirical or theoretical evidence (Erduran et al., 
2015). In other words, argumentation validates the explanation of 
scientific phenomena between claims and evidence (Murphy et al., 
2018). Research on argumentation has been conducted for science 
teachers and students. For example, Rapanta (2021) found that 
teaching methods to train students’ argumentation are effective 
pedagogical tools. Another study showed that students’ experience 

in selecting accurate evidence can boost their argumentation skills 
(Gülen & Yaman, 2019).
 However, the implementation of argumentation in science 
classrooms is challenging. For example, if the teacher focuses only 
on organizing the classroom for the implementation of argumentation, 
students are less likely to understand the scientific concept (Diniya 
et al., 2021). Teachers should maintain a balance between the lesson 
plan in argumentation and the science concept delivered to students 
in the classroom (Putra, et al., 2021). Murphy et al. (2018) stated that 
many abstractions performed to evaluate students’ argumentation in 
a classroom begin with introducing an evaluation model, revising 
the model, experimenting with the students, and observing. 
Furthermore, topic selection is difficult for teachers who apply 
argumentation in science classrooms (Guilfoyle et al., 2021). One 
learning approach that can facilitate argumentation skills is the 
engineering design process (EDP). 
 The EDP is a learning approach that provides students with the 
opportunity to develop an argument to solve a problem in a real-
world context. The problem can be selected from relevant issues, 
sociocultural factors, or student experiences (Guilfoyle et al., 2021; 
Songsil et al., 2019). Moreover, activities in the EDP stages involve 
defining, planning, learning, designing, trying, testing, and deciding 
(Putra, et al., 2021; Sulaeman et al., 2021). These activities allow 
students to collect accurate data to support their claims for solving a 
given problem.
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 Previous research has investigated the relation between gender 
differences and students’ argumentation skills in science and 
mathematics (Kalender et al., 2019; Legewie & DiPrete, 2014; Steegh 
et al., 2019). Moreover, Gillies (2019) organized, in small groups, the 
implementation of argumentation skills in a classroom. Through 
collaboration, students develop interdependence among group 
members when they complete a task. They develop their understanding 
by discussing the relevant task, debating about the subject content, 
and clarifying the information with each other. Collaboration in a 
classroom is intensified when the students solve the classroom task 
together. Students participate more actively in the learning process in 
a collaborative classroom than in a non-collaborative classroom. In 
contrast, when a task is designed for individual students, the students 
focus more on the argumentation test than on the learning process. 
This study emphasizes the roles of female and male students in 
arguing in an EDP classroom to solve a problem. It aims to explore the 
role of female and male students in an EDP classroom in building 
argumentation skills through collaborative argumentation. The 
following are the research questions that guide this study: 
 1. If at all, how does gender relate to argumentation skills, 
including claims, evidence, and reasoning, in an EDP classroom? 
 2. How do students construct their argumentation skills to 
solve a problem in an EDP classroom based on gender roles?

Literature Review

 Constructivist learning theory is essential to the idea of 
argumentation. Science is changing and adapting rapidly and is 
expected to produce new knowledge (Abell & Lederman, 2010). 
This knowledge needs to be supported with new evidence. The 
communication between the valid proof and the claim of knowledge 
involves argumentation skills. Students need to assess their 
argumentation skills to understand the science content, because  
they also need to consider the science content relevant to solving  
a real-world problem in a science classroom (Erduran et al., 2015; 
Jeong et al., 2020; Osborne et al., 2004).
 Students’ argumentation has been evaluated for many years to 
describe students’ argumentation skills. For instance, some 
researchers have adopted Toulmin’s argumentation model, which 
involves elements of argumentation: claims, reasoning/warrants, 
data/evidence, and backing/supportive argumentation (Toulmin, 
1958). Gülen & Yaman (2019) found that implementing the Toulmin 
model in a science classroom can improve students’ performance. 
However, students’ classroom performance is not adequate for 
observation. Lin and Mintzes (2010) explored students’ 
argumentation skills by adding an element to the Toulmin model 
using counter-argumentation. This element drives students to reflect 
on their argumentation skills based on scientific problems. This 
model has mainly been used to evaluate students’ argumentation 
skills through writing so that students can carefully examine their 
reasoning (Songsil et al., 2019). The implementation of 
argumentation skills in a science classroom has recently covered 
claims, reasoning, and data/evidence (Sampson et al., 2020). The 
reasoning skills links between claim and evidence, and this model 
can be used to observe students’ argumentation quality when they 
talk in group discussions (Mathis et al., 2016; Murphy et al., 2018).
 However, the quality talk in science for students to build verbal 
argumentation in science classrooms lacks investigation. Through 
verbal argumentation, students can construct an increasingly 
sophisticated argument and improve their arguments in the 
disciplinary context of the scientific problem (Murphy et al., 2018). 
The quality of scientific argumentation can be observed through 
group discussions, as the individual is for the argument based on 
data and the evaluation of the relevant data to support the claim 
(Capkinoglu et al., 2020). However, teachers still face a challenge in 

designing argumentation practices in the classroom through group 
discussions. They need to develop effective classroom discussions 
focusing on science-based engineering practices to deliver science 
content and students’ activities (Aranda et al., 2020). The EDP offers 
a teaching approach that provides students with an opportunity to 
collaborate to solve a given problem. Students communicate with 
each other to establish a durable design and evaluate it by using 
relevant data and scientific explanations (Putra, et al., 2021). 
Moreover, students can take on appropriate roles and contribute to 
working collaboratively (Wieselmann et al., 2019).
 Researchers have analyzed female and male students’ 
performances in science and engineering. The results show that 
these performances have obtained different results. First, the results 
show that female students perform lower than male students in 
science and engineering classrooms. Fredricks et al. (2018) reported 
that female students are more likely to get frustrated and give up in 
engineering design when the material is challenging. In contrast, 
male students are perceived as more competent in persistence and 
deep strategy learning to solve problems in engineering design. 
Evidence also shows that, in a science classroom, female students 
receive less attention than males in preparing the data to construct 
argumentation (Oon et al., 2020). Argumentation research has also 
compared male and female student teams formed to solve 
engineering problems. The results indicate that the male team pays 
closer attention to developing the argumentation structure than the 
female team (Hsu et al., 2018). Second, other research on science 
and related subjects has shown no significant gender gap in students’ 
achievement, especially in undergraduate students (Cimpian et al., 
2020). For middle-school students, the results obtained vary depending 
on the class of students. For example, females have high interest in 
science in grade 4, while males have high creativity in grade 8.
 The gender gap in science and engineering classrooms also 
appears in Indonesia, especially on Java Island. Mutakinati et al. 
(2018) investigated the motivation of middle-school students toward 
science and engineering careers. The results showed that female 
students were less motivated to pursue a career in the engineering 
field. Other researchers have also indicated that female middle-
school students on Java Island are slightly less interested in 
engineering jobs (Shin et al., 2018). In particular, females hold 
stereotypes that they are marginalized in engineering jobs (Pirus & 
Nurahmawati, 2020). They tend to take care of their families, 
including their children (Kurniawan et al., 2018). In other words, the 
Javanese culture represents that women/wives are positioned under 
men/husbands (Prasetiyo, 2018). This study explored how gender 
roles contribute to the collaborative group discussion to develop 
argumentation rather than comparing genders. An EDP classroom 
was applied to facilitate students’ argumentation skills through 
cross-gender group discussions involving male and female students.

Methodology

 This study used qualitative methods, specifically a single-case 
method, to develop an engineering design project. The single case 
study focused on female and male behaviors to understand how the 
students participated in collaborative group discussions to develop 
argumentation skills (Yin, 2018).
 The engineering phenomenon in the EDP classroom was related to 
a real-world problem on the specific topic of “heat transfer.” Students 
were given a letter problem and asked to solve it through a group 
discussion in a cross-gender group. The problem is defined as follows: 
A village has limited electricity resources, but the people in that area 
should store the food longer and have good-quality food. The challenge 
of EDP treatment, as written in the letter, was that the students should 
design a solution based on the requested criteria and some constraints. 
The schedule in the EDP classroom is described in Table 1. 
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Participants 

 In this study, 12 junior middle-school students (six male and six 
female) participated in the EDP classroom. All participants were in 
grade 8 in a public school in one of the provinces in East Java. Each 
group comprised two male and two female students. The participants’ 
demographics are described in Table 2. 

the codebook. Next, they conducted a group discussion to develop a 
justification for gender roles in the EDP classroom and students’ 
construction of argumentation. Atlas. Ti was used as the software to 
assist in organizing the students’ statements.

Results

 This study described and analyzed student engagement in 
developing argumentation, particularly the performance of female 
and male engineering and science students, in solving engineering 
problems. Figure 1 describes the students’ performance in solving 
the problem design and the effectiveness of the design through 
collaborative group discussions.
 According to Figure 1, the students were generally more able to 
express their claims by explaining scientific phenomena rather than 
revealing the reasons why the existing phenomena occurred. The 
students had no adequate skills to scientifically explain how the 
evidence supported their claims. In addition, they often made claims 
based on their opinions without referring to data or evidence. As a result, 
the students could not explain why they selected the claim to solve the 
given problem. Male students were more dominant in the discussion and 
showed a greater variety of argumentation than female students.
 Vignette (1) shows an example in which the students shared 
equipment to store food. In this episode, female students initiated the 
discussion and expressed their claims without supporting reasoning 
and adequate evidence. In this vignette, the example of the discussion 
process was initially worded in [P] for female students and in [L] for 
male students. A male student added evidence to support his claim 

Table 1 EDP activities in the research classroom
EDP Process Day Student task
Problem Scooping 1st Students analyze the engineering work. 
Define 2nd Students analyze the problem letter, write the user needs, and constrain the requested design. 
Plan 2nd Students work individually to design a solution to the problem statement and write it on the student worksheet. 
Learn 3rd Students evaluate the suitable science concepts based on their individual designs.
Design 4th Students work in their groups to evaluate their design and discuss the best design to solve the problem by collecting evidence. 
Try 4th Students in their groups try their design and analyze the strengths and weaknesses of their design. 
Test and Decide 5th Students test their group design by presenting it to other groups and simulating their design to solve the problem.

Table 2 Participants’ demography in the EDP classroom 
Character n % of Participants
Grade 8 
Gender 
 Male 
 Female 

12

6
6

100

50
50

Data Collection

 The data collection began when a teacher introduced the EDP to 
the students and explained the problem letter to them. Data were 
collected within five days of the students joining the EDP classroom 
(Table 1). The discussion was recorded both visually and in audio. 
The recording, which was transcribed and coded, became the data 
for extracting the science and engineering statements. To assess the 
credibility of the data, the authors also evaluated the EDP students’ 
worksheets and interviewed them on the last day of the EDP class. 
Each interview lasted approximately 20–30 min. in accordance with 
the open-ended interview protocol (see Appendix). 

Data Analysis

 Two codes were developed to analyze the students’ transcription: 
A theory-driven code, which focused on the discussions that the 
students conducted when solving the problem in small groups, and a 
data-driven code, which focused on the students’ individual interviews 
about the experience of being involved in a collaboration group.
 The theory-driven code was analyzed using argumentation 
indicators, with three indicators covering claims, evidence, and reasoning. 
The code for the collaborative argumentation is described in Table 3. 
 The data-driven code was utilized for analyzing the interview 
data of each student. It focused on analyzing how students 
constructed their argumentation skills to solve the given problem. 
This code is described in Table 4. 
 All authors observed the EDP followed by the students, 
transcribed, and coded the interview data of each student based on 

Table 3 Theory-driven code used in this study
Code Description

Claim An opinion, result, or explanation proposed in solving a given problem 
Evidence Data or observations used to support claims
Reasoning Reason for deciding that the support (data) is very important in proving the claim

Table 4 Data-driven code used in this study
Code Description

Experience Students’ answers are related to their daily life experiences
Constraint Students refer to the given problem letter and emphasize the constraint in the letter. 
Science Concept Students explain the scientific concept to be used to solve the problem. 
Engineering Students think of a prototype design to solve the problem. 
Budget Students refer the budget given or standard to create the prototype.

20
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14
13

9

4

0

5

10

15

20

25

Claim Evidence Reasoning

Students’statement related argumentation skills

Male

Female

Figure 1 Comparison of argumentation skills of male and female 
students in the EDP classroom
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using scientific reasoning skills—the male student L1-1 connected 
the claim, evidence, and reasoning for expressing his argumentation 
skills. Vignette (1) shows the discussion of group 1 when trying to 
solve the problem. The members of this group involved [P1–1], 
[P2–1], [L1–1], and [L2–1]. 

Vignette (1) 

 [P1–1]: Based on this latter problem, hmm…[thinking] in my 
opinion, I would make pottery. 
 [P2–1]: Okay, I agree with you. The concepts for this problem 
are heat and temperature, right? 
 [L1–1]: hmm…[thinking for 32 seconds], How is it about heat 
transfer?
 [P1–1]: Why is it the concept of heat transfer? 
 [L1–1]: Based on our experiment, pottery is able to hold the 
temperature inside. So, we need two pottery containers of different 
sizes: the smaller one inside the bigger one to store the food. This concept 
is related to heat transfer. (L1–1 explains and shows their design.)
 [L2–1]: It’s true that heat can’t penetrate pottery or pottery can 
withstand that temperature (Gives reinforcement). Then the other 
size pottery container is made to contain the sand and its contents, 
such as food and drink.” (Give opinion. See figure 2 to described the 
student’s design)

 [P1–2]: The problem is that people in the village complain that 
they cannot store fruit and vegetables longer, such as when they are 
put in the refrigerator, and have difficulty getting cold water during 
extreme weather. (Give an opinion according to the phenomenon 
that occurs.) 
 [L1–2]: I agree with you!
 [L2–2]: Yes, it is true. Next, what is needed to solve the problem? 
 [L1–2]: We need a portable refrigerator because the refrigerator 
could keep the food longer and keep the food in good condition. 
 [P1–2]: How does it work? (no one answered the problem given)
 In group 3, the students also developed their collaboration skills 
to solve the problem. The discussion process is described in vignette 
3. In this episode, the male students expressed their opinions more 
about engineering to solve the problem. They designed a tool that 
can store food effectively. Group 3 consisted of students [P1–3], 
[P2–3], [L1–3], and [L2–3].

Vignette 3

 [P1–3]: We need a material that can withstand heat from the 
outside, right?
 [L2–3]: How do we design a two sizes wooden block? 
[L1–3]: That’s right, we place the wet cloth between the two blocks 
as a barrier to heat generation from the outside. 
 [P2–3]: Could you explain how it works? 
 [L1–3]: The heat transfer from outside will be blocked by the 
wet cloth and the food and drink in the inside can stay fresh. 
 In constructing the argumentation, the students involved some 
aspects in attempting their reasoning (Table 3). In the interview 
process, the authors deeply explored how the students understood 
their group design to solve the problem. The students explained the 
design based on their experiences, constraints, budget, and scientific 
concepts. The frequency of the students’ statements when they were 
interviewed is described in Table 5. 
 The interview data showed that female students were not 
sufficiently interested in engineering-related activities. [P1–2] stated 
that she preferred to solve the theoretical part of the science problem 
rather than the engineering design. She was also keen to read the 
science book but lacked the ability to perform experiments in the 
science laboratory. [P2–1] enjoyed studying literature because she 
could express her art through writing activities. [P2–1] explained 
that her opting for arts is related to Javanese culture, where women 
should be softer than men, including how to communicate. The male 
statements contrasted with the female statements. [L1–1] stated that 
the design of the problem solution was a challenge for him. He 
preferred to perform experiments to collect evidence in the science 
classroom.

Discussion 

 This study aimed to focus on the construction of students’ 
argumentation skills in an EDP classroom through collaborative 
groups based on gender roles. The male and female students were 
assigned in small groups to express their roles in collaborative 

Figure 2 The student’s design

Table 5 Students’ argumentation construction in the EDP class 
Aspect to Construct Argumentation Male Female Example
Experience 4 2 “Pottery is more effective because the materials used are easy to obtain and, based on experience, 

can be easily used.”
Constraint 1 4 “That area requires a refrigerator that does not use electrical energy directly. Maybe the people there 

should make more use of the resources there.”
Science concept 5 3 “This pottery is not easily penetrated by heat; therefore, we review the concept of heat transfer.”
Engineering 3 1 “That’s the shape of the pottery; it should be conical so that it cools quickly. As a result, we have  

a slight decrease in temperature.” 
Budget 0 1 “We should consider the budget. It would be good if the cost could be decreased.” 

 In another episode, the students collected the data, but the data 
could not support their reasoning. Vignette (2) shows the discussion 
process in group 2. The students collected evidence based on a story 
to solve the problem. In this discussion, the female students directed 
the male students to stay focused on the constraints of the problem. 
The members of group 2 involved [P1–2], [P2–2], [L1–2], and 
[L2–2]. 

Vignette 2 

 [P1–2]: So... what do we need to solve the problem?
 [L1–2]: Solar cells to collect energy. 
 [L2–2]: I need to think about it; wait in a minute [thinking for 
23 seconds]. The problem is the limitation of electricity based on the 
story. 
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argumentation. In general, male students had more of an opportunity 
to show argumentation than female students in the classroom. This 
result is in line with that obtained by previous research showing that 
male students pay more attention to engineering and science tasks 
than female students in EDP classrooms (Nagdi & Roehrig, 2020; 
Oon et al., 2020; Wieselmann et al., 2019). Female students’ lack of 
interest in mathematics and science explains why they are less keen 
than males to participate in engineering tasks (Steegh et al., 2019). 
This situation is also related to the social culture on Java Island, 
where females show a soft attitude (Pirus & Nurahmawati, 2020). 
From the Javanese perspective, the female will take care of her 
family, including praying for her husband and kids to be successful 
(Kurniawan et al., 2018).
 In vignettes: (1) and (2), the female students initiated the 
discussion by communicating their claims in their respective groups. 
They frequently claimed about phenomena using scientific concepts 
but lacked the skills to express their reason why the claim was raised 
with support from the relevant collected data. This result indicates 
that female students were more engaged in the science task at the 
beginning; however, their motivation gradually decreased, mainly in 
engineering tasks (Fredricks et al., 2018). Moreover, the female 
students paid more attention to planning to keep the focus on the 
topic in constructing their argumentation skills by verifying the 
constraints in the problem letter. This result also supports previous 
research showing that female students tend to plan and communicate 
collaborative argumentation skills (Hsu et al., 2018).
 The collaborative argumentation between male and female 
students was a good structure for solving the problem in the EDP 
classroom. The students supported each other based on their 
behavioral roles. Female students gave an idea of science concepts 
at the beginning, although the concepts were not adequate for 
explaining scientific phenomena properly. This study showed that 
the female students started communicating more in the discussion 
stage. Otherwise, the males better understood the connection between 
reason and the selected data to explain the claim. Male students 
focus on the concept of science and engineering based on the female 
students’ claims (Oon et al., 2020; Wieselmann et al., 2019).
 When some students discover a claim in the beginning, it forms 
the basis for the other students to establish good reasoning to solve 
the given problem. In other words, collaboration based on student 
roles reveals that students use previous peers’ answers as 
complementary knowledge (Noroozi & Hatami, 2019). Female 
students dominate collaborative argumentation in support of 
building qualitative argumentation. They remind the group to review 
the constraints repeatedly to ensure that the group design is 
appropriate for the user.
 This research also showed that the students related their 
experiences with science concepts more when constructing their 
argumentation skills. This study reinforced the need for a real-world 
problem to be brought into the context of a science lesson so that 
students use their experiences to solve their daily problems (Putra, et 
al., 2021). Students’ experiences can guide them to take alternating 
roles in solving a problem in the EDP classroom to build 
argumentation (Gülen & Yaman, 2019). Table 2 shows that the 
students’ experiences were valuable in constructing their 
argumentation. In vignette (2), the students used science concepts to 
develop their argumentation in the classroom. The students analyzed 
the letter and connected it with the science concept to make a 
decision to solve the problem. Content analysis in argumentation is 
a point for developing reasoning to support a student’s claim 
(Dönmez et al., 2021). In an EDP classroom, students should 
understand the need of the end user to solve the problem, so that, in 
the construction of the argumentation skills, the female students pay 
attention to the constraints of a contract among the claim, evidence, 
and constraints (Putra, et al., 2021; Sulaeman et al., 2021).

Conclusion and Recommendations

 Our study showed that, through the EDP, classrooms facilitate 
students’ development of argumentation skills through small-group 
discussions. Thorough collaboration between female and male 
students provides each student with an opportunity to contribute to 
explaining scientific phenomena through argumentation. Based on our 
analysis of the argumentation gender gap, we contribute to the role of 
female and male students in building argumentation rather than merely 
justifying the poor performance of female and male students in science 
and engineering. The study results indicate that when teachers or 
researchers implement science or engineering classroom activities, 
they should notice the gender role and how they group students to work 
in collaboration. The EDP activity appreciates the smallest individual 
contribution in a science or engineering classroom. Teachers can 
implement the EDP in the classroom so that students are active in 
discussing and working together, especially in science subjects.
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Appendix

Appendix The question in the interview stage
 1. What were your ideas for solving this problem?
 2. Why did you choose that solution? 
 3. How was your idea working to solve the problem given? 
 4. What do you think about engineers and scientists? What are  
  your career aspirations?
 5. How do men and women in your area pursue their careers? 
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