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Online learning has been crucial since COVID-19, yet its effectiveness,
particularly in physics education, remains debated. Understanding students’
motivation and problem-solving abilities in online environments is critical.
This paper examined and presented the gender difference in motivation and
problem-solving skills using an integrated online problem-based learning
(iON-PBL) in a physics course. Developed using analysis, design,
development, implementation, and evaluation (ADDIE) mode, iON-PBL
module of physics guided students through problem-solving activities over 13
weeks. A post-test—delayed post-test design was used to assess retention of
motivation and problem-solving skills. The study involved 116 pre-university
students from Universiti Malaysia Sabah (88 females, 28 males). Motivation
was measured using the motivated strategies for learning questionnaire
(MSLQ) (four components), and problem-solving skills were assessed with
the problem-solving inventory (PSI) (three components). Data analysis was
conducted using SPSS version 28. Findings showed a significant gender
difference in the ‘cognitive strategy’ component of motivation at the post-test,
favoring female students. However, this difference was not sustained in the
delayed post-test. In contrast, no gender difference was found in problem-
solving at the post-test, but females scored significantly higher in ‘personal
control’ in the delayed post-test. These findings suggest that female students
are more likely to maintain cognitive strategies and personal control in online
learning. Educators should consider targeted strategies to support male
students’ motivation and problem-solving development in virtual
environments to foster gender equity. Educators should consider targeted
strategies to support male students’ motivation and problem-solving
development in virtual environments to foster gender equity.
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1. INTRODUCTION

The declining interest in science, technology, engineering, and mathematics (STEM) subjects in
school is become a hot issue that is constantly debated these recent years. It has created a potential crisis for
the future workforce and innovation. According to junior achievement, there has been a 12% decrease in
interest among teenage boys and a steady 11% interest level among teenage girls from 2017 to 2018.
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In Malaysia, recent statistics indicate that only 45.73% of school students choose science-related subjects,
which includes technical and vocational programs [1]. This number falls short of the 60:40 ratio of science to
arts students, raising concerns about a future shortage of qualified STEM professionals [2]. Several
challenges contribute to this issue, such as the need for localized STEM learning materials and a shortage of
skilled STEM teachers, which hinder effective teaching and learning in these subjects [3]. Another
contributing factor is the student’s perception that these subjects are too difficult [4]. For instance, physics is
often perceived as challenging due to its abstract nature, and generally less appealing amongst student when
compared to other science subjects [5], resulting in decreased number of students enrolling [6]. However,
early-year STEM education offers hope, with experts advocating for this approach to cultivate interest and
address the shortage of engineers and other STEM professionals in Malaysia [7].

The gender gap in STEM fields is another persistent global issue. Women are significantly
underrepresented in STEM education and careers worldwide. Globally, women make up only 35% of STEM
students in higher education [8]. In the United Kingdom, only 11% of positions in STEM fields are held by
women. In the United States, women with a bachelor’s degree or higher make up 44.2% of the STEM
workforce, while women without a bachelor’s degree make up 25.8%. In China, women account for only
26.27% of research and development personnel and 5.79% of the total academicians of the Chinese Academy
of Sciences and Engineering [9]. In Saudi, women comprise only 16% of its workforce, the lowest rate
among the 20 countries in the global gender gap report [10], followed by the UAE at 20% and India at 22%
[11]. However, there are encouraging strides being made in Malaysia in terms of gender equality in STEM
education. Despite the global gender disparity favoring male students, Malaysia reported in 2021 that 53.2%
of STEM graduates were female. This indicates a strong female presence in STEM education at the tertiary
level, where women outnumber men in graduation rates from STEM programs [12]. Challenges remain in
physics, where gender disparity is pronounced, with women underrepresented in traditionally male-
dominated fields. This reflects broader societal norms and stereotypes that can discourage women from
pursuing careers in these areas. Addressing these disparities requires a multifaceted approach that includes
cultural change, better educational practices, and supportive policies to create an equitable environment for
women in STEM [13].

From another perspective, one constructive approach to attracting students to enroll in physics
courses and STEM fields is incorporating real-life examples relevant to their daily activities. Real-life
examples and practical applications of physics can significantly enhance student engagement and
understanding of the subject. Educators can make the subject more relatable and exciting by demonstrating
how physics principles are integrated into everyday life. For instance, the impact of physics on modern
technology is profound. The global positioning system (GPS) is one of the many everyday technologies that
are built on physics principles, specifically relativity. To deliver precise location data, satellites must take
account of time dilation due to their speed and earth's gravitational [14]. This connection can help students
appreciate the relevance and importance of physics in modern technology, making the subject more engaging
and exciting [15]. There are many approaches that may prompt student learning, such as project-based
learning (PjBL) [16] and problem-based learning (PBL) [17]. PBL and PjBL approaches in physics education
offer numerous benefits and outcomes that enhance student engagement, understanding, and skill
development especially in physical classroom [15], [18], [19]. For instance, PBL fosters a more engaging
learning environment by allowing students to work on meaningful projects that relate to real-world problems.
This relevance boosts motivation and interest in physics [15]. Research indicates that students often report
improved attitudes towards learning physics [16], reduced anxiety, and increased enjoyment when involved
in PBL activities. This practice is widely recognized as an effective way to make the study of physics more
engaging and accessible [20].

Although some studies revealed no significant difference in impacts on male and female students
[21], still numerous studies have demonstrated that these strategies can increase the motivation of male and
female students [22] and problem-solving skills in learning physics [23]. PBL implementation varies by field
and often includes different approaches, strategies, and tools. It commonly occurs in face-to-face settings,
with independent learning, continuous reading, group discussions, and presentations in a classroom. For a
variety of reasons, including student adaptability [24] and technical pedagogical preparedness [25], PBL
integration is rarely implemented online. Consequently, only some studies examined the impact of PBL on
males and females, where implementing PBL online presents several challenges; one is scaling PBL to work
effectively online. Faithfully replicating the classroom setting of the PBL online requires careful planning
and adaptation [26], [27]. Strategies like asynchronous discussions, virtual group meetings, and online
resources can help scale PBL online, but they may require more structure than in-person PBL [28], [29].

Therefore, the theoretical framework for this research is based on constructivist theory, e.g.
Piaget [30] and Vygotsky [31] and connectivism theory, proposed by Siemens [32] and Downes [33], [34],
both of which provide valuable insights into the learning process, especially in the context of online
education. The main objective of this research is to compare how the iON-PBL module of physics enhances
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and retains students’ motivation and problem-solving skills based on gender, followed by these research

question (RQ):

i) Is there any significant difference between male and female students in their motivation to learn physics
from the iON-PBL module of physics for post-test? (RQ1)

ii) Is there any significant difference between male and female students in their motivation to learn physics
from iON-PBL module of physics for delayed post-test? (RQ2)

iii) Is there any significant difference between male and female students in their problem-solving skills to
learn physics from the iON-PBL module of physics for post-test? (RQ3)

iv) Is there any significant difference between male and female students in their problem-solving skills to
learn physics from iON-PBL module of physics for delayed post-test? (RQ4)

2. LITERATURE REVIEW

Motivation plays a crucial role in the academic success of students pursuing physics. It is important
to note that a combination of intrinsic and extrinsic motivation is necessary to keep students engaged and
driven. While extrinsic motivation is driven by external rewards, such as grades or recognition, intrinsic
motivation comes from within [34]. Intrinsic motivation provides a sense of fulfilment and accomplishment,
making learning more enjoyable and satisfying [35], [36]. However, external incentives might affect students
differently during the learning process. Nevertheless, teachers cannot always rely on it because not all the
work students must complete is engaging and pleasurable [36]. Extrinsic drive can also boost intrinsic desire,
even though it has a limited effect and discourages pupils from wanting to do comparable activities in the
future [35]. Saleh [37] study uncovered a significant disparity in the motivation to learn physics between
urban and rural students, where there were no notable differences between male and female students. The
study also pointed out that various intrinsic factors such as relationships, stress, and effort strongly influence
a student's motivation to learn physics. Petri [38] indicates that intrinsically motivated students retain
information and concepts longer than extrinsically motivated students. This intrinsic motivation correlates
with higher engagement, enjoyment, and persistence in learning physics and leads to enhanced performance
and creativity in problem-solving tasks, underscoring its potential impact. To date, how motivations play an
important role in gender [39] is also being debated by many researchers in terms of student achievement [40],
attitude and anxiety [41], in educational technology [42], and students’ autonomy [43].

The literature shows different views on teaching strategies for different genders, influenced by
gender-role stereotypes. Male students may have more drive in activities aligned with their interests [36], for
example, in a study by Lee and Yuan [36], male students have higher positive evaluations of virtual
manipulatives when participating in computer-based mathematics activities. Meanwhile, female students
need more interesting teaching activities related to virtual manipulatives to boost their motivation and
enjoyment of mathematics. They could be more likely to work on projects that let them use their talents or
pursue their passions. Similarly, female students may be intrinsically motivated when they have a strong
emotional connection to the material, opportunities for creativity and self-expression, and are encouraged to
cooperate and make significant contributions [44]. Male students also may be more influenced in academic
environments by prizes or recognition from outside sources [45], as they could aim for better grades,
instructor praise, or competition with other students to demonstrate their mastery or domination. Conversely,
external influences may also impact female students, but they may be more prone to working together and
attaining goals to preserve social ties [36]. Therefore, examining gender differences in motivation is crucial
for promoting equality in learning environments. Exploring diverse motivational profiles, considering the
impact of learning environments [45], academic achievement and performance [46], and addressing
emotional factors [47] are all critical areas of study that can help address gender inequality in education.

Therefore, there are numerous approaches to enhance students' physics learning motivation, such as
utilizing technology to engage students [25]. However, the success of these tools and methods largely
depends on the educators. By implementing various teaching and learning strategies, such as PBL [25], PjBL
[48], inquiry-based learning (IBL) [49], and game-based learning (GBL) [50], educators can enhance
students' willingness to learn physics and make the subject more engaging. In order to improve learning
results, instructors must make use of these resources and techniques to help students find physics more
engaging and relevant [48]. Few studies have demonstrated how well PBL fosters creativity and critical
thinking in online contexts [51], [52], as well as students’ academic achievement, problem-solving skills,
communication skills [53], [54], and boost their active learning [54]. Different research has also indicated
that integrating Web 2.0 tools into PBL enhances student engagement and learning outcomes. For instance,
students used collaborative platforms to research, share information, and present their findings on scientific
topics, which has made learning more interactive and helped them develop digital literacy skills crucial in
modern science education [55].
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From another perspective, solving problems efficiently is a crucial 21st century skill that can benefit
students' academic pursuits and daily lives [56], [S7]. However, students often need help developing effective
problem-solving techniques when studying physics, and if not, they can lose interest and motivation [58]. To
overcome this, students must understand the problems' fundamental concepts and avoid relying solely on
memorization. Istiyono et al. [56] emphasize that the key to mastering problem-solving skills in physics is
the ability to analyze and evaluate given problems. By doing so, students can develop practical problem-
solving skills that will benefit them in the long run. Problem-solving skills also influence students' motivation
to learn physics; findings such as those by Argaw et al. [57] show no dormant students' motivation when
studying integrated PBL in physics. However, studies such as by Hasrawati et al. [59] also shows the direct
positive impacts of PBL on students' problem-solving skills and learning motivation when the PBL model is
applied to learning mathematics. Another study indicated that students who engaged in problem-solving
strategies while learning physics demonstrated higher-order thinking skills (HOTS) than those who relied on
rote memorization [60]. Not only that, Aldemir et al. [15] found that students studying physics topics could
enhance their real-world applications by applying physics concepts to real-life situations. Students become
more engaged and motivated to solve problems when they can see real-world applications, such as
calculating the trajectory of a projectile or understanding the principles of electricity. This connection to the
real-world enhances their ability to think critically and creatively about solutions [15], [52]. Physics also
often involves collaborative problem-solving, where students work together to tackle complex problems
making the learning process more engaging and enjoyable. For example, a study by Adolphus et al. [61]
revealed that students are motivated when they cooperatively solve problems in physics; there was a
significant difference in problem-solving abilities among students taught using collaborative learning strategy
and those taught with the conventional method.

Literature on PBL practices in science education indicates mixed results towards students'
motivation and problem-solving skills. Positively, PBL in online environment found to have significant
positive impact on students’ problem-solving skills [62]. Additionally, Pozuelo-Muiioz ef al. [63] highlighted
that PBL encourages students to engage actively in learning, fostering a deeper understanding of scientific
concepts through hands-on experiences. A study done by Wijnia et al. [64] showed that PBL had a small to
moderate, heterogeneous positive effect on students' motivation. Despite the generally positive findings, the
same meta-analysis revealed that the effects of PBL on motivation are not uniform across all contexts. While
PBL can increase motivation, the effect is more pronounced in STEM and healthcare domains compared to
other fields [65]. Additionally, the study found that the impact on intrinsic motivation was trivial, challenging
the assumption that PBL universally enhances intrinsic motivation [66]. Not all students respond positively to
PBL, factors such as prior knowledge, learning styles, and individual motivation levels can affect
engagement. Some students may prefer more structured learning environments and find the open-ended
nature of PBL challenging, which can lead to disengagement and frustration [67].

Traits of PBL can also equally beneficial for both male and female students’ problem-solving skills
and motivation. Findings from several researches [66], [68] reassures us that both genders can excel in
problem-solving and related cognitive abilities. While there are mixed findings regarding gender differences
in motivation and problem-solving abilities, it is crucial to consider these differences. Several studies suggest
shows on no significant differences overall, underscoring the importance of this topic in the field of
education and psychology. For example, in a study by Zambo and Follman [69], of 6th and 8th graders
solving 2-step math word problems found no significant differences between genders at the individual
problem-solving steps, and they concluded that the step-by-step problem-solving plan might be gender-
biased. Another study by Hyde et al. [70] suggested that gender differences in mathematics performance are
relatively small, favoring males in problem-solving tasks at higher educational levels. To a different study,
there was more to the average gap in female and male students' problem-solving skills than just learning
methods. Problem-solving abilities for both genders have been successfully enhanced by strategies like
guided discovery learning, while in terms of motivation, male students were better at planning and problem-
solving, whereas female students tended to be more driven to learn and to seek credit for their achievements
[71]. Acknowledging these accomplishments is essential since it greatly increases students' enthusiasm and
involvement. The potential of tailoring PBL online to diverse learning styles is significant, as it could
effectively address the different learning styles and preferences of both males and females.

3. METHOD

This research focuses on the integrated online problem-based learning (iON-PBL) module of
physics approach, a method that leverages online tools and resources to facilitate PBL. This module aims to
enhance and retains per-university students’ motivation and problem-solving skills emphasizes characteristics
such as active learning environment as students engage with real-world problems, leading to deeper
understanding. By integrating network information, communication technology, and electronic devices, the
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entire PBL process, from problem introduction to reflection, is conducted virtually. The methodology
employed in this study closely aligns with the McMaster health science curricula. Students engage in
scenario review, information sharing, problem exploration, information gathering, application of new
knowledge, and reflection. Additionally, this module fosters the development of cognitive strategies by
encouraging students to break down problems into smaller, more manageable parts. Finally, the module
utilizes real-life problems that are more relatable and interesting, which enhances students' motivation. The
module was developed using analysis, design, development, implementation, and evaluation (ADDIE)
instructional design. ADDIE is an acronym and consists of five essential steps, i.e., analysis, design,
development, implementation, and evaluation [72], as what listed:

— Analysis: four important instructions to facilitate the designer in developing an effective module were
highlighted: needs assessment (i.e., analysis of the learner, analysis of the instructional goals), problem
identification, task analysis, and developing learning objectives [73].

— Design: three aspects of this step were highlighted: designing assessments, choosing the course format,
and developing the instructional technique [73].

- Development: this stage depends on the first two phases, creating factual sample for instruction design,
developing the materials of this course, and run through the conduction of the design [73].

- Implementation: this stage is where the plan is transformed into action. Components such as instructor
training, students' preparation, and learning environment were key at this stage [73].

— Evaluation: the last step is to evaluate the module's suitability. Aldoobie [73] highlighted one-to-one
formative evaluation, small evaluation group, formative evaluation, and summative evaluation in this
final stage of the ADDIE model.

Figure 1 presents a summary of the entire procedure to provide a comprehensive overview of the
research. The procedure was divided into two phases, with phase 1 devoted to module development and
phase 2 centered on measuring module effectiveness. It is noteworthy, however, that this paper exclusively
reports on the analysis data found within the red dotted line. Our research solely centered on the experimental
group (EG) comprising male and female students. The aim was to examine the influence of the iON-PBL
physics module on the gender perspective.

Phase 1: Module development
A 4
Phase 2: Module effectiveness
A 4
Briefing and online training session
A 4
Pre-test
o =
| \ 4 [ \ 4
| Experimental group | Control group
[ Y :
| Module intervention (13 weeks) |
I \ 4 1 4
I Focus group interview | Traditional instructions (13 weeks)
L’ Post-test ‘_I
A 4
Delayed post-test
A 4
Quantitative and data analysis

Figure 1. Summary of the research procedure

This study used the explanatory sequential mixed-methods research designs where a two-group
(i.e., experimental and control group) pretest-posttest-delayed posttest was employed. Explanatory sequential
designs combine the strengths of each quantitative and qualitative methods in a particular sequence to
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provide more comprehensive understanding of a research problem or question [74]. The researcher was also
able to make more precise conclusions on the causal relationship between the independent and dependent
variables because to the research design. The inclusion of the control group in this study was justified by the
need to ascertain whether the intervention of the iON-PBL module of physics caused any changes in the
experimental group's posttest and delayed posttest from the pretest. Table 1 shows the full framework of the
two-group pretest-posttest-delayed posttest of this research design suggested by Creswell [75].

Table 1. Two-group pretest-posttest-delayed posttest design

Group Implementation
Experimental O1a X 02 O3,
Control O O Osp,

*01, and Ol,=pretest; X=intervention; 02, and O2,=posttest; O3, and Os,=delayed posttest

The study methodology involved a pre-test and post-test comparison between an EG and a control
group. Both groups initially used the same instrument to measure the dependent variable (O1) in the pre-test.
Subsequently, the EG underwent a 13-week intervention (X), while the control group did not receive any
intervention. After the intervention, the dependent variable (O,) was measured in a post-test using the same
instrument, and this process was repeated in a delayed post-test four weeks later (O3). The learning activities
for both groups were conducted entirely online, ensuring a consistent environment for the study. The
researcher conducted pre-test and post-test analysis mainly to identify whether the dependent variable had
improved. The researchers determined whether there was a statistically significant difference in the mean
values of O, and Oi, for male and female students in the EG. Similarly, the researchers analyzed the
considerable difference in the mean values between O3z, and O, for male and female students in the EG to
determine the retention of the dependent variable—as shows in red dotted line in Figure 1 and Table 1. This
paper only presented and addressed quantitative data and focused solely on the findings of the mean
comparison between male and female students in the EG exposed to PBL in online environment for the entire
implementation. The students also participated in the PBL online activity, which included various active
learning activities, such as group formation, issue identification, independent learning, discussion, reflection,
and presentation. The teaching and learning platform used for this activity was SmartV3, powered by
Moodle.

The 30 items of Pintrich et al. [76] motivated strategies for learning questionnaire (MSLQ) were
used in this study and were grouped into four themes: self-efficacy (SE), intrinsic value (IV), cognitive
strategy use (CSU), and self-regulation (SR). Concurrently, the problem-solving inventory (PSI) developed
by Heppner and Petersen [77] was implemented. It has thirty-two (32) PSI items grouped into three themes:
personal control (PC), approach avoidance style (AAS), and problem-solving confidence (PSC). Prior to,
throughout, and four weeks following the intervention, measurements of both dependent variables will be
taken. Before the implementation, a pilot test was performed to assess the instruments' dependability. As a
result, Cronbach's alpha of the analysis from statistical package for social science (SPSS) version 28 is 0.905
and 0.756 for MSLQ and PSI, respectively. Based on the ranges of values summarized by Taber [78], this
value is sufficient, satisfactory, and acceptable. Subsequently, this instrument was sent to expertise for
content validity. The participants of this research, the pre-university students at the Preparatory Centre for
Science and Technology, Universiti Malaysia Sabah session 2021/2022, played a crucial role. They enrolled
on a one-year foundation in science program, which is compulsory to sit for science subjects, i.e., physics,
biology, chemistry, and mathematics. Table 2 shows the distribution of students based on gender for the
experimental group. The number of samples (N) is a total of N=116, consisting of females (N=88, 75.9%)
and males (N=28, 24.1%).

Table 2. Distribution of students based on gender

Group Frequency (N)  Percentage (%)
EG Female 88 75.9
Male 28 24.1
Total 116 100

Due to the COVID-19 situation, data gathering for this research was conducted using Google Forms.
This application was chosen for its user-friendly interface, free availability, and quick completion time,
making it an ideal choice for participants to respond to Raju and Harinarayana [79]. Additionally, as the
study's participants are based at home with varying internet capabilities, Google Forms was deemed a
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suitable medium due to its mobile-friendly nature. The RQ were answered using post-test results, delayed
post-test results, and a five-point Likert scale questionnaire. The delayed post-test is important because it can
assess the retention of students' motivation and problem-solving skills in physics after the iON-PBL module
of physics intervention.

4. RESULTS
4.1. iON-PBL module of physics on students’ motivation learning physics

An independent sample t-test was conducted to compare the mean scores of male and female
students for motivation towards learning physics in the experimental group. Table 3 shows the mean scores
for each component of motivation in MSLQ (i.e., SE, IV, CSU, and SR) between males and females, for both
post-test and delayed post-test.

Table 3. The motivation’s mean score between male and female student

Components Gender Total Independent sample t-test
Male (N=28) Female (N=88) t MD  Sig (2-tailed)
Post-test

SE  Mean 3.30 3.45 341 -0.88 -0.15 0.38
SD 0.68 0.80 0.77

IV Mean 3.93 3.97 397 -0.29 -0.04 0.77
SD 0.53 0.59 0.59

CSU Mean 3.73 4.19 4.08 -444 -046 *0.00
SD 0.58 0.44 0.51

SR Mean 3.37 3.51 348 -1.28 -0.14 0.20
SD 0.56 0.48 0.51
Delayed post-test

SE  Mean 3.24 3.31 329 -041 -0.07 0.67
SD 0.59 0.83 0.78

IV~ Mean 3.64 3.79 376 -1.24  -0.15 0.22
SD 0.49 0.59 0.58

CSU Mean 3.64 3.81 377 -130 -0.17 0.19
SD 0.58 0.59 0.59

SR Mean 3.36 3.44 342  -0.77 -0.08 0.45
SD 0.45 0.51 0.49

*Sig. (2-tailed), p<0.05, SD=standard deviation, MD=mean difference

For post-test, opposite results were shows for SE and IV, as mean score for female students was
higher than male students for both components. For SE, mean score for female students (M=3.45) was higher
by 0.15 than male students (M=3.30), and for IV, mean score for female students (M=3.97) was slightly
higher by 0.04 than male students (M=3.93). Consistently, for CSU and SR, mean score for female students
was higher than male students. For CSU, mean score for female students (M=4.19) higher by 0.46 to male
students (M=3.73), and for SR, mean score for female students (M=3.51) higher by 0.14 to male students
(M=3.37). In addition, results show significant difference with favor to female students on CSU with score of
MD=-0.46; t-test value, =-2.76, and p<0.05:<0.00*.

Lastly, for delayed post-test which was collected four weeks after the implementation, similar
pattern of results was shows as mean score for female students was higher than male students for all
components. For SE, mean score for female students (M=3.31) higher by compared to male students
(M=3.24), and for IV, mean score for female students (M=3.79) higher than male students (M=3.64).
Likewise, for CSU, mean score for female (M=3.81) higher than male students (M=3.64), and for SR mean
score for female students (M=3.44) higher than male students (M=3.36). Comparatively, there is no
significance difference on male and female students’ motivation on all components for delayed post-test.

4.2. iON-PBL module of physics on students’ problem-solving skills

An independent sample t-test was conducted to compare the mean scores of male and female
students for problem-solving skills in the experimental group. Table 4 shows the mean score between male
and female students for all stages of test (PSC, AAS, and PC). For post-test, mean score for male students
was higher than female students for problem-solving skills and AAS but on the contrary for PC. For PSC,
mean score for male students (M=3.58) slightly higher than female students (M=3.54), and for AAS, mean
score for male students (M=3.28) also slightly higher than female students (M=3.24). Finally, for PC, mean
score for female students (M=3.48) was higher than male students (M=3.39). However, there is no significant
difference between male and female students on all components for post-test.
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Equivalently to post-test, for delayed post-test, mean score for male students was higher than female
students for PSC and AAS, but opposite with the PC. For PSC, mean score for male students (M=3.66) was
higher than female students (M=3.56), and for AAS, mean score for male students (M=3.31) was higher than
female students (M=3.26), however these results show insignificant difference. Finally, for PC, mean score
for female students (M=3.31) was higher significantly than male students (M=3.01) with score of MD=-0.29;
t-test value, r=-2.04, and p<0.05:¥0.04.

Table 4. The problem-solving skills’ mean score between male and female students

Components Gender Total Independent sample t-test
Male (N=28) Female (N=88) t MD  Sig (2-tailed)
Post-test
PSC  Mean 3.58 3.54 355 046 0.04 0.64
SD 0.37 0.43 0.42
AAS  Mean 3.28 3.24 325 051 0.04 0.62
SD 0.42 0.39 0.39
PC  Mean 3.39 3.48 346 -0.36 -0.08 0.72
SD 1.68 0.79 1.07
Delayed post-test
PSC  Mean 3.66 3.56 358 097 0.09 0.33
SD 0.47 0.47 0.47
AAS  Mean 3.31 3.26 327 057  0.05 0.57
SD 0.46 0.36 0.38
PC  Mean 3.01 331 323 -2.04 -0.29 *0.04
SD 0.68 0.66 0.68

*Sig. (2-tailed), p<0.05, SD=standard deviation, MD=mean difference

5.  DISCUSSION

The results show that only the CSU component for the post-test showed a significant difference in
favoring female students compared to male students after implementing the iON-PBL module. However, the
rest of them, although female students, scored higher on mean marks than male students (i.e., post-test
and delayed post-test) on all components; this is insignificant. This is consistent with findings by several
studies [57], [80], which show that female students improve their motivation to learn physics after being
introduced to PBL, but it is insignificant. This probably due to reasons such as female students tended to have
higher learning motivation and seek recognition for success [71]. Additionally, their higher motivation in
learning environments positively impacts their engagement and performance in problem-solving tasks, which
is often linked to a desire for self-recognition and achievement [81]. On the post-test, the CSU component
shows a significant difference in favoring female students. It indicates that female students increase their
learning strategies, such as reciting or naming items from the list after being introduced to the module,
similarly with finding by Golightly and Muniz [82].

Meanwhile, the problem-solving skills show that only the PC component for the delayed post-test
showed a significant difference in favoring female students compared to male students after implementing
the iON-PBL module. However, no insignificant results were recorded (i.e., post-test and delayed post-test)
on all components for the rest of them. Significant in PC indicates female students' ability to control their
attitudes towards learning growth. It also reflects that female student recognized their ability to control their
learning after the iON-PBL physics module. Previous studies [21], [83] highlighted this recognition in their
findings as well, as female students exhibited higher mean marks, improved motivation, increased CSU, and
enhanced problem-solving skills after being introduced to PBL compared to male students. Equivalently,
study by Wahyuni [84] also revealed that the problem-solving ability of students who are taught PBL in
female students is better than that of male students.

The study revealed several critical implications. Firstly, it highlighted the practical necessity of
carefully developing a well-structured curriculum for integrating an online PBL module into a complex
subject like physics. Traditional face-to-face classes already have challenges, especially in physics [54], [55].
However, studies have proven that integrating online and technology positively impacts student motivation
and problem-solving skills [85], [86]. For instance, Wu et al. [87] study revealed that gamification courses
significantly influenced pre-service teachers' motivation to explore more emerging technologies for teaching
after controlling for gender. Secondly, online learning has significant potential implications for boosting and
optimizing, especially in physics courses, and addressing gender issues. Studies suggest increasing
engagement and motivation for female students, where female students exhibit higher levels of engagement
and motivation in online PBL settings than their male counterparts. The collaborative and interactive nature
of PBL aligns well with the learning preferences often observed in female students, leading to greater
participation and enthusiasm. That is why educators and teachers need to set a learning environment for
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mixed genders so that the potential of each student can be uplifted by support from each other. It is important
to remember that online PBL presents an opportunity to ensure that our education system can continue
without interruption. Review by Castro and Tumibay [88] suggested that online learning can be powerful if
the instructional design effectively aligns with the subject matter. This opens up significant opportunities for
educators to effectively deliver their course content online and expand their reach globally. The promise of
online learning inspires confidence and positivity among stakeholders regarding the direction of education in
the future.

As for the students' implications, it is well known that most students struggle with abstract subjects
such as physics, which are traditionally more prevalent online. In the current post-COVID-19 scenario,
students must adapt to digital teaching and learning methods to effectively keep up with their studies. The
fast-paced evolution of online learning provides everything students need to achieve their learning objectives
quickly using the learning technology device. The research indicates that female students show higher
motivation levels than their male counterparts, especially when using cognitive online learning strategies.
Educators and policymakers must acknowledge the significance of bridging the gender gap in digital
education to attain their educational objectives successfully. This is also aligned with few Malaysia’s policies
and aim in the context of post-COVID-19 recovery and digital learning [89].

The third implication revolves around the COVID-19 pandemic, which caused a significant shift for
physics educators and lecturers. While it poses new challenges, it also presents an opportunity for them to
explore innovative teaching methods. Traditional face-to-face learning approaches may not suffice in the
current digital era, and educators must adapt to the changing times. Teachers should proactively find effective
ways to deliver their teaching to students online. Although many instructional design models are available,
the best fit for physics and fully online learning still needs to be debated. Therefore, embracing change and
aligning with technological advancements is crucial for educators to provide their students with a more
engaging and practical learning experience. That is why educators and lecturers must adopt proactive
strategies to effectively deliver online instruction, ensuring that they engage students and create a conducive
learning environment. Educators should realize that understanding the tools and platforms including learning
management systems, video conferencing tools, and online collaboration platforms used for online teaching
is crucial. This preparation allows for smoother class operations, helps troubleshoot issues as they arise and
helps maintain a positive learning atmosphere [90]. Apart from that, educators should also utilize diverse
teaching methods. Incorporating various teaching methods such as synchronous lectures, presentations,
online discussions, and interactive quizzes which cater to different learning styles and keep students engaged.
This diversity helps maintain interest and supports various educational needs [89]. Educators can regularly
solicit student feedback about their learning experiences by encouraging reflection and feedback, allowing
teachers to adjust their methods and address concerns. This practice improves the course and empowers
students by valuing their input [89]. By using these components, educators can improve their capacity to
strategize, convey their learning content, and attain their educational goals, ultimately benefiting both male
and female students.

Integrated PBL in online environments can effectively address gender issues in education by
fostering a more inclusive and engaging learning experience. Although the research revealed a gender
imbalance, it also highlighted our progress in promoting higher institutional education for women [91]. The
research outcomes have significantly contributed to understanding how an iON-PBL approach can promote
physics education. Furthermore, the research has identified areas where improvements can be made to
improve physics education, mainly through online learning. Specific matters like enhancing motivation and
engagement levels in online PBL settings for female students [92], more flexibility and accessibility will
benefit women who constantly juggle multiple responsibilities, allowing them to engage with course
materials at their own pace [89], reduction of stereotypes, where online PBL environments can help mitigate
the impact of gender stereotypes that may arise in face-to-face interactions. With less emphasis on physical
presence, students can focus on their contributions and ideas rather than being influenced by gender biases.
This can lead to a more equitable gender participation rate [92] and tailoring feedback and scaffolding where
teachers can utilize online tools to provide personalized feedback and scaffolding based on individual student
needs. This approach can help address specific challenges that female students may face in physics or other
traditionally male-dominated fields, ensuring that all students receive the support they need to succeed, and
definitely will bridge the gap.

6. CONCLUSION

This study provides clear answers to all RQ, particularly from the gender perspective. Findings show
that for motivation, only the CSU component significantly differs in favor of female students at the post-test.
However, there is no significant difference in their delayed post-test. Meanwhile, no significant difference
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was recorded between the two genders in the post-test for the problem-solving skills findings. Still, at their
delayed post-test, the PC component recorded significantly higher mean scores favoring female students.
Therefore, female students have more potential to hold their motivation in strategizing their cognitive
thinking and are more aware of their PC in solving problems through online learning. As one of the crucial
STEM courses, physics is the essence of science for a middle-income developing country like Malaysia.
Therefore, more students must embrace fundamental science subjects, like physics, to prepare for the
competent workforce desired in the 4.0 industrial revolution. While this study provides valuable insights,
some areas require further exploration. To ensure a comprehensive understanding, future research should aim
for a more balanced gender sample. Additionally, more extensive research investigating the relationship or
influence of students' learning motivation and problem-solving skills on gender is necessary. A more
extended implementation period is also recommended to observe the long-term impact of the iON-PBL
modules of physics. Finally, by integrating various physics topics and incorporating essential 21st-century
skills like scientific-skills, critical thinking, and creativity, it can strive towards achieving a holistic and
successful iON-PBL module of physics, particularly in gender equality.
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