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Abstract: This quasi-experimental study examined the effect of a mechanics course delivered
through a Learning Management System (LMS) on the creativity of prospective physics
teachers at a teacher training college in Mataram, Indonesia. The study was conducted in the
post-pandemic era. Using a pretest-posttest one-group design, the researchers evaluated
changes in creativity across three domains: figural, numeric, and verbal. The results showed
significant improvements in overall creativity, with the most critical gains observed in the
figural domain. Further analysis revealed that fluency was the creative indicator with the most
enhancement. In contrast, other indicators displayed varying degrees of improvement. These
findings highlight the potential of LMS-based instruction in fostering creativity among future
physics educators, particularly in the figural, numeric, and verbal domains. This study adds to
the growing body of evidence supporting technology integration into teacher education,
especially during times of crisis. Future research should explore more targeted instructional
strategies within LMS environments and utilize comprehensive creativity assessment methods
further to enhance creative learning experiences for prospective physics teachers.

Keywords: creativity; learning management system; mechanics concepts; post-pandemic;
prospective physics teacher

1. Introduction

Creativity is a crucial aspect of science education, particularly in the 2 1st century,
as it drives scientific progress and innovation (Liu and Chang, 2017; Kupers et al.,
2019; Ward et al., 2013). It encompasses producing original research (Saleh and Brem,
2023) and fostering a deep understanding of scientific concepts and a love for learning
(Beghetto and Kaufman, 2007). However, traditional teaching methods often hinder
creative development by prioritizing content mastery over fostering creative thinking
(Kaplan, 2019). This method leaves students ill-equipped for activities that demand
creative thinking despite creativity being a skill that can be nurtured through deliberate
practice and experience (Cassels, 2024; Cioca and Nerisanu, 2020).

Interactive learning approaches incorporating technology, such as electronic
books, computer simulations, virtual laboratories, and augmented reality, have shown
promise in stimulating creative processes and enhancing student creativity (Gunawan
et al,, 2019; Ratnawati et al., 2023; Sanabria and Aramburo-Lizarraga, 2017).
Moreover, many students reported feeling less anxious during the learning process
when using technology like adaptive gamification, which enhanced their focus in class
and increased their motivation to improve in science lessons (Zourmpakis et al.,
2023).The rise of Industry 4.0 further emphasizes the need for technology-based
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education to cultivate 21st-century skills, including creativity (Gonzéalez-Pérez and
Ramirez-Montoya, 2022). Education 4.0, a response to the learning preferences of the
current generation and the changes brought about by the Fourth Industrial Revolution,
has embraced online learning (Aziz Hussin, 2018).

The COVID-19 pandemic has necessitated a rapid shift to online learning, which
has reshaped the educational landscape globally. Instructors have increasingly relied
on the Learning Management System (LMS) to deliver formative assessments in
online, on-ground, and hybrid courses. At the same time, university administrators
have prioritized improving the quality of online instruction (Cassels, 2024). In the
post-pandemic era, the LMS continues to be significant, particularly in higher
education, where its effectiveness in fostering critical skills such as creativity among
prospective teachers is crucial. However, the extent to which LMS-based courses can
enhance the creativity of prospective physics teachers remains underexplored.

LMS have emerged as valuable tools for administration, documentation,
reporting, and facilitating teaching and learning activities, including e-learning and
online training. It aims to effectively deliver information to students and assess its
practicality in the teaching and learning process (Triswidrananta et al., 2022). LMS
are recognized for their effectiveness in knowledge and competency development,
fostering collaboration and interactive communication between students and
instructors (Kerimbayev et al., 2020; Ouadoud et al., 2018). The next generation of
online course platform should integrate key lessons from open, distance, and flexible
learning post-pandemic, focusing on educational support, instructional design, and
quality assurance (Papadakis, 2023). However, online learning also presents
challenges, such as face-to-face interaction and collaboration limitations.

In the realm of physics education, mechanics is a subject that demands a deep
and clear understanding. Practical mechanics teaching requires dynamic classroom
interactions (Duit et al., 2014). It should prioritize the development of students’ soft
skills through active learning, enabling them to grasp and creatively apply concepts
(Rosana et al., 2014). Nurturing creativity within mechanics learning is, therefore,
essential. Hockicko et al. (2015) suggest incorporating information technology or
interactive multimedia in mechanics instruction can enhance students’ thinking skills.
However, more research needs to be conducted explicitly exploring how LMS impact
the creativity of prospective physics teachers, especially in the context of mechanics.
The challenge lies in adapting traditional mechanics courses to an online format that
not only maintains educational rigor but also stimulates creativity.

This study aims to address this gap by investigating the effects of an LMS-based
mechanics course on the creativity of aspiring physics teachers. By integrating course
materials and resources into the LMS, students can learn anytime and anywhere while
still benefiting from interaction with instructors who act as facilitators. This approach
aims to enhance learning effectiveness and foster creativity development in physics
education, particularly during the challenges of the pandemic and post-pandemic era.
By measuring changes in specific aspects of creativity—verbal, figural, numeric, and
procedural skills—this study will provide valuable insights into the potential of LMS
platforms to nurture creativity among future physics educators. The findings are also
expected to contribute to the broader discourse on optimizing online education to
develop essential skills in future educators.
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The research utilized a LMS developed on the MOODLE platform for e-learning.
This LMS incorporates features like videos, virtual labs, teaching materials, and chat
forums for mechanics-related discussions. Students can take assessments online
through the LMS’s quiz menu and complete creativity exercises within the platform.
These exercises are in essay format, with students providing answers in designated
fields or uploading relevant images related to the problems they solve.

2. Method

2.1. Participants

This quasi-experimental study, conducted at a Mataram teacher training college,
focused on 41 third-semester Physics Education students enrolled in a Mechanics
course who were explicitly exposed to the LMS-based mechanics instruction that
served as the intervention in this study. These students were purposively selected to
investigate the impact of LMS-based mechanics instruction, aligning with sample size
recommendations by Creswell and Creswell (2017).

2.2. Learning materials

The learning process utilized a custom-developed LMS built on the Moodle
platform. In this study, the learning tools and materials were carefully developed,
including the Semester Program Plan (SPP), Student Assignment Plan (SAP), Course
Learning Outcomes (CLOs), Student Worksheets (SWs), instructional materials, and
creativity assessment instruments. Each of these components was rigorously tested for
validity and reliability. The results confirmed that these tools are both valid and
reliable, making them suitable for use in mechanics instruction aimed at facilitating
creativity among students. This rigorous preparation and validation process further
strengthens the credibility of the study’s outcomes. The instructional materials and
SWs were integrated into the LMS to provide resources and learning activities for the
students. Additionally, the LMS had discussion forums and practice exercises to allow
students to practice and improve their skills at their own pace and convenience.

2.3. Instruments

Creativity was assessed using a 15-item essay test administered after the LMS-
based mechanics course. The test items were designed to measure four aspects of
creativity: verbal, figural, numeric, and procedural. Each item was scored based on
four indicators: fluency, flexibility, originality, and elaboration. These indicators were
adapted from Guilford’s (Guilford, 1950) Structure of Intellect model. The test
underwent expert validation, which resulted in a validation percentage of 85.61%,
indicating its high validity. Inter-rater reliability was assessed by measuring the
agreement rate among three experts, resulting in a reliability of 93.65%, indicating
high reliability.

2.4. Experimental design and procedure

This study utilized a quasi-experimental pretest-posttest one-group design. It was
conducted as part of the developmental testing phase of a more extensive research and
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development project. The intervention consisted of an eight-week online mechanics
course delivered through the LMS. Before the intervention, the participants completed
a pretest to evaluate their baseline creativity levels. After completing the course, the
participants took a posttest to measure any changes in creativity. The improvement in
creativity was analyzed using the normalized gain (N-gain) score, a standardized
measure of learning gain that considers the initial performance (Hake, 1998). The
calculated N-gain scores are interpreted based on the improvement categories
proposed by Cheng (2004), as shown in the following Table 1.

Table 1. The calculated N-gain scores are interpreted based on the improvement

categories.

N-gain Range (g) Percentage Conversion (%) Improvement Category
g<03 2<30 Low

03<g<0.7 30<g<70 Medium

g=>07 g=>70 High

Source: Cheng (2004).

The results of the study indicate that the LMS-based mechanics course had a
differential impact on various aspects of creativity. While there was improvement in
all aspects, the most significant gains were observed in figural and numeric creativity.
This suggests that the LMS’s visual and interactive features were particularly effective
in fostering these skills. This finding is consistent with previous research that has
emphasized the potential of technology-enhanced learning environments to promote
visual and spatial reasoning (Chiang et al., 2014). The analysis of creative thinking
indicators revealed that fluency and flexibility showed the greatest improvement
across all dimensions of creativity. This suggests that the LMS facilitated the
generation of a wide range of ideas and encouraged students to approach problems
from different perspectives. However, the lower average scores in originality and
elaboration indicate that students may still face challenges in producing unique ideas
and developing them in detail. This finding highlights the importance of further
research and instructional design interventions that specifically target these aspects of
creative thinking within LMS-based learning environments.

3. Results

This study examined the impact of a Learning Management System (LMS) on
the creativity development of prospective physics teachers in the context of mechanics
learning in the post-pandemic period. The study focused on four aspects of creativity:
verbal, figural, numeric, and procedural. The findings revealed significant variations
in mean achievement across these different aspects.

The following data (Figure 1) represents the average pretest and posttest scores
for student creativity, along with the N-Gain score. Overall, the increase in creativity
falls within the moderate category. This indicates that the LMS mechanics used in the
study effectively enhanced student creativity to a moderate extent.
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Figure 1. Average scores of pretest, posttest, and N-Gain in student creativity.

The data shows an average pretest score of 22.0, a posttest score of 68.7, and an
N-Gain score of 59.7. The moderate increase in creativity suggests that the LMS
mechanics provided a beneficial platform for students, though there remains potential
for further improvements to enhance creativity even more.

Furthermore, the analysis of creative thinking indicators, such as fluency,
flexibility, originality, and elaboration, provided valuable insights into the influence
of LMS usage on students’ creative thinking abilities. Creativity was measured using
a 15-item essay test encompassing verbal, figural, numeric, and procedural aspects.
Students completed this test as a pretest before the intervention to establish baseline
creativity levels. Following the LMS-based mechanics course, students completed the
same test again as a posttest to measure any changes in creativity. Figure 1 illustrates
the increased creativity scores observed for each aspect after the intervention.

80

Average Score (%)

Werhal Figural Numerical Procedural

Creativity Aspect
Figure 2. Comparison of mean N-Gain scores across creativity aspects.

As shown in Figure 2, the most significant improvement was seen in figural
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creativity, while procedural creativity showed the most minor progress. However, the
improvement in every aspect of creativity fell into the moderate category, as defined
by Hake (1998). To further explore the development of creative thinking, the study
examined the improvement based on specific indicators of creativity: fluency,
flexibility, originality, and elaboration. Figure 3 presents a thorough overview of the
comparative improvement in each indicator.

80.00

60.00

40.00

Average Score

20.00

Fluency Flexibility Qriginality Elaboration

Indicator of Creativity
Figure 3. Comparison of average creativity indicator scores.

Figure 3 illustrates that the fluency indicator showed the most significant
improvement, achieving a score of 74.20. This indicates that students progressively
enhanced their ability to generate ideas or solutions within the context of mechanics
throughout the study period. The flexibility indicator also demonstrated substantial
improvement, reaching a score of 62.38, highlighting the student’s capacity to engage
diverse perspectives and approaches in problem-solving. On the other hand, although
there was an improvement in the originality indicator, with a score of 49.48, this value
suggests that students may still face challenges in generating genuinely unique or
original ideas. The elaboration indicator scored 43.65, indicating that students need
further attention on their ability to develop or expand their ideas into more profound
concepts.

These findings provide valuable insights into the development of students’
creativity across different indicators. They can serve as a basis for refining
instructional strategies to enhance creativity among prospective physics teachers. The
significant improvement in fluency and flexibility suggests that the learning
environment based on the Learning Management System (LMS) effectively fostered
idea generation and encouraged diverse thinking. The comparatively minor
improvements in originality and elaboration suggest potential areas for targeted
instructional interventions to enhance creative thinking skills further.

In this study, hypothesis testing was conducted to determine the effect of using
an LMS-based Mechanics system on student creativity. Before conducting the
hypothesis test, it is essential to check the normality of the data. Normality tests
determine whether the data follows a normal distribution, which influences the choice
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of statistical test.

The Kolmogorov-Smirnov and Shapiro-Wilk tests were used to assess the
normality of pre-test, post-test, and N-Gain scores. These tests help identify whether
the data meets the normality assumption required for parametric analysis. If the data
is not normally distributed, a non-parametric test like the Wilcoxon test will be used
for hypothesis testing. The Table 2 shows the normality test for the data.

Table 2. The normality test.

Kolmogorov-Smirnov?* Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pre-test 0.088 41 0.200" 0.987 41 0912
Post-test 0.185 41 0.001 0.935 41 0.021
N-Gain 0.091 41 0.200* 0.966 41 0.252

TP L]

Note: “*” means this is a lower bound of the true significance; “a” means Lilliefors Significance
Correction.

The normality tests for the creativity scores include the Kolmogorov-Smirnov
and Shapiro-Wilk tests. Both tests indicate normal distribution for the pretest scores,
with p-values of 0.200 and 0.912, respectively. The N-Gain scores are also normally
distributed, with p-values of 0.200 (Kolmogorov-Smirnov) and 0.252 (Shapiro-Wilk).
However, the posttest scores show mixed results: the Kolmogorov-Smirnov test
indicates a non-normal distribution with a p-value of 0.001. In contrast, the Shapiro-
Wilk test suggests a normal distribution with a p-value of 0.021. Due to the
Kolmogorov-Smirnov test showing significance, the posttest scores are considered
non-normally distributed. As a result, hypothesis testing for the creativity scores will
be conducted using the Wilcoxon test to accommodate the non-normal distribution of
the posttest data.

The Wilcoxon Signed Rank Test was chosen for this hypothesis testing because
the posttest data was found to be non-normally distributed, as indicated by the
Kolmogorov-Smirnov test. The Wilcoxon test is a non-parametric statistical test used
to compare paired samples, making it suitable for data that do not meet the normality
assumption. It evaluates whether there is a significant difference in the median of
differences between two related groups. In this study, the following hypotheses were
tested:

e  Null Hypothesis (HO): LMS-based Mechanics do not affect student creativity.
This means the median of differences between pretest and posttest scores equals
0.

e  Alternative Hypothesis (Ha): There is an effect of using LMS-based Mechanics
on student creativity. This means the median of differences between pretest and
posttest scores does not equal 0.

The hypothesis test summary (Table 3) shows that the Wilcoxon Signed Rank
Test yielded a significance value (Sig.) of less than 0.001. Since this p-value is less
than the significance level of 0.050, we reject the null hypothesis (HO). Rejecting the
null hypothesis indicates a statistically significant difference between the pretest and
posttest scores. This result supports the alternative hypothesis (Ha), suggesting that
the use of LMS-based Mechanics has a substantial effect on improving student
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creativity.

Table 3. Hypothesis test summary.

Null Hypothesis

Test Sig.>P Decision

The median of differences between Pre-test and Post-

Test equals 0.

Related-Samples Wilcoxon Signed Rank Test  <0.001 Reject the null hypothesis.

Note: “a” means the significance level is 0.050; “b” means Asymptotic significance is displayed.

4. Discussion

The study revealed a significant improvement in students’ overall creativity. This
significant improvement emphasizes the value of incorporating LMS tools in
educational settings to foster creativity. Specifically, verbal creativity, assessed
through the student’s ability to articulate their thoughts (Gunawan et al., 2017),
showed a notable increase. This finding aligns with Maliyah (2012) research, which
highlighted the importance of verbal skills in physics, including the mastery of
technical terms. Many students demonstrated their understanding by explaining
mechanics concepts and everyday phenomena.

Furthermore, Sun et al. (2019) suggested that the improvement in verbal
creativity may be attributed to its positive correlation with cognitive abilities. Students
with strong verbal creativity tend to think spontaneously and make connections
between different concepts. Additionally, He et al. (2021) found that enhanced verbal
creativity is influenced by individuals’ ability to efficiently associate information,
facilitated by a more efficient semantic memory structure.

The results indicated variations in mean scores across different aspects of
creativity. Verbal creativity scored 63.4, figural creativity scored 66.9, numeric
creativity scored 63.7, and procedural creativity scored 45.2. These differences are
influenced by the unique characteristics of each creativity aspect and the impact of the
Learning Management System (LMS) on mechanical learning. The significant
increase in figural creativity can be attributed to the LMS’s support for visual and
spatial understanding of mechanics. The interactive features of the LMS, such as
simulations and visualizations, facilitate exploration and visual representation,
allowing students to express their ideas more creatively and intuitively. According to
Saputro et al. (2021), the LMS is impactful, efficient, and forward-thinking, offering
more than just interactivity for instructors and students in the learning process. It
enables instructors and students to exchange materials, assign and submit tasks, and
communicate online. Furthermore, Rizal et al. (2020) stated that high student
satisfaction with the LMS positively influences the implementation of physics learning
activities. Synchronous learning activities facilitated by the LMS create opportunities
for effective communication and interaction between students and teachers, fostering
a robust psychological connection that encourages students’ creativity.

Students’ figural creativity was associated with expressing ideas through force
diagrams based on Newton’s Laws of Motion. The Learning Management System
(LMS) used during online learning effectively facilitated this aspect of creativity.
Including virtual experiments and practice, problems fostered creative thinking and
enhanced practical skills. Fluency was the highest-scoring indicator of figural
creativity, while elaboration was the lowest. This suggests that students were skilled
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at expressing multiple ideas through patterns or images but faced challenges in
expanding upon those ideas. This contrasts with Kao (2020) findings, which showed
that fluency scored the lowest in the figural aspect and originality scored the highest.
Duncan (2020) suggest that instructional designs incorporating images and
animations, such as games, can effectively facilitate student learning experiences,
promoting collaboration, communication, creativity, and critical thinking skills.

Despite overall improvement, verbal creativity may have experienced a slightly
smaller increase than figural creativity. This could be due to challenges in expressing
ideas verbally or in written form through digital platforms, which may only sometimes
optimally support verbal expression. The increase in numeric creativity, which closely
paralleled verbal creativity, could be attributed to the LMS providing diverse tools and
resources to facilitate understanding of numerical concepts in mechanics. Interactive
approaches to the LMS could help students creatively develop their numerical skills.
Overall, the LMS positively contributes to students’ understanding of mechanics
concepts, making it an effective tool in mechanics education, including for future
physics teachers (Gunawan et al., 2021).

The aspect of numeric creativity demonstrated moderate improvement, ranking
second among all aspects of creativity in percentage increase. This aspect is associated
with students’ ability to discover new equations. Throughout the learning process,
students were given access to practice problems within the e-learning system, which
likely contributed to developing their numeric creativity. According to Piaget’s theory
of cognitive development, the notable improvement in numeric creativity could also
be attributed to the study’s sample of prospective teachers within the formal
operational stage. This suggests that these students possess the capacity for abstract,
logical, and systematic thinking, enabling them to solve mathematical problems
readily. This finding is supported by Assmus and Fritzlar (2022), who concluded a
positive correlation between mathematical creativity and students’ age, with
mathematical creativity increasing at each educational level or grade.

Additionally, they suggest that initiatives to promote mathematical creativity are
suitable for students who achieve high scores in mathematics classes. Procedural
creativity showed moderate improvement, with the lowest increase compared to other
aspects. This could be attributed to students’ unfamiliarity with the assessment method
used for procedural creativity. Development of this aspect was only facilitated during
certain phases of the learning process, such as completing worksheets and engaging in
virtual experiments. The improvement in procedural creativity was less significant
than in other areas due to the challenges of controlling activities that foster this type
of creativity within the online system.

Although students could complete worksheets effectively, the instructor needed
more visibility. This highlights the need for educators to incorporate teaching and
training methods that specifically target the development of procedural creativity.
Regular practice in fostering creativity, as suggested by Fink et al. (2020), can enhance
fluency, flexibility, and originality in expressing ideas. Environmental factors, as
highlighted by Studente et al. (2016), also play a role in stimulating creativity.
Furthermore, activities like reading and writing, as found by (Segundo Marcos et al.,
2020), contribute to improving students’ creative thinking.

Creativity is a crucial factor in supporting the performance of exceptional science
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teachers. It is a strong predictor that influences teachers’ attitudes and stimulates
optimal behavior in their work, as stated by Ramdani et al. (2022). Gunawan et al.
(2023) further point out that achievement motivation correlates positively with student
creativity in mechanics learning using blended learning models. This suggests that
efforts to increase motivation can be an effective strategy for developing the creativity
of future physics teachers.

The relatively low improvement in procedural creativity in mechanics learning
through online platforms can be attributed to the complexity of the subject and the
challenges associated with transferring procedural skills. Procedural learning often
requires face-to-face interaction and direct observation, which may only partially be
achieved in a digital environment.

In conclusion, the differences in improving various aspects of creativity in
mechanics learning through Learning Management Systems (LMS) reflect how each
element can be supported. Future research should focus on tailoring online learning
strategies to develop procedural creativity and enhance the use of interactive LMS
features to improve verbal expression. The analysis of creativity improvement, based
on creativity indicators, falls under the moderate enhancement category. The fluency
and flexibility indicators show the highest improvement.

The high average achievement in the fluency indicator indicates that students can
generate multiple ideas or solutions within mechanics. The use of LMS facilitated idea
generation through interactive tools and collaborative features. Previous studies have
also shown that LMS can foster idea generation and brainstorming. Although slightly
lower than fluency, the significant average achievement in the flexibility indicator
suggests that students can consider diverse perspectives or approaches in problem-
solving. This demonstrates the effectiveness of LMS in stimulating creative thinking.
Research has consistently shown the positive impact of technology-enhanced learning
environments on students’ flexibility in problem-solving. During the mechanics
learning activities, students were primarily taught to find information independently
through videos and teaching materials. They were then guided to produce diverse
answers to problems, and they were provided with worksheets as guides for
conducting virtual experiments. These worksheets helped to stimulate their verbal,
figural, numeric, and procedural creativity. The students conducted virtual
experiments and practiced exercises related to Newton’s Laws of Motion, Work and
Energy, and Simple Harmonic Motion. For the topic of Newton’s Laws of Motion,
they learned through videos and practice problems involving motion system diagrams.
This likely contributed to their figural solid creativity in the fluency and flexibility
indicators, as they could express various ideas quickly.

After being taught using the developed learning tools, students who had a deeper
understanding of the material tended to provide answers from different perspectives.
The most significant improvement in the figural aspect of flexibility was likely due to
their ability to create illustrations using different thinking processes based on
observing object shapes. An sthat students explained the material they learned using
their language and thinking based on the experiments and discussions they conducted.
This suggests that the learning environment based on the Learning Management
System encouraged students to articulate their understanding in their own words,
promoting a more profound comprehension and creative expression.

10
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Research in other fields of creativity shows similar trends, with verbal and figural
creativity often showing a positive correlation. However, the strength of this
relationship depends on the specific interventions and assessment instruments used to
measure creativity (Wechsler, 2006). Students generally view LMS positively,
appreciating features like accessibility, flexibility, interactivity, and the availability of
learning materials. LMS can positively impact student achievement and perceptions.
However, some students express negative views due to technical issues, limited
interaction with instructors, and inadequate support (Furqon et al., 2023). Online
session in using LMS has had a significant impact on various learning activities. In
higher education, online learning has proven effective in enhancing interactivity and
active student participation (Blieck et al., 2019). Online learning with innovative
design can improve performance on creative tasks and foster deeper understanding
(Wu, 2016). Integrating technology into education provides enriched learning
experiences and opportunities, allowing quicker resolution of learning challenges
(Ketsman, 2019). Virtual media can also enhance students’ abilities to think
divergently, enabling them to combine ideas verbally more effectively than through
visual representations (Akcayir and Akgayir, 2018).

The results also demonstrate the effectiveness of LMS-based Mechanics in
enhancing student creativity, validating the alternative hypothesis (Ha) that using
LMS-based Mechanics has an effect on student creativity. This significant
improvement suggests that LMS platforms’ structured and interactive nature can foster
a more engaging and effective learning environment. Furthermore, this finding is
consistent with existing literature, which highlights the positive impact of technology
integration in education. Web-based asynchronous and synchronous approaches
enhance interactivity, allowing personalized, flexible learning anytime and anywhere,
based on students’ schedules and needs (Suartama et al., 2020). Additionally, project-
based learning supported by virtual media effectively enhances students’ creativity in
physics. This indicates the potential of technology in developing the creativity of
future physics teachers (Gunawan et al., 2019). Research in secondary schools has
found that figural creativity tends to be higher than verbal creativity, with students
preferring visual learning methods such as sketches and graphs over verbal
explanations (Dau-Gagpar and Marinca, 2016). However, Gunawan et al. (2019) found
contrasting results, showing that computer-based learning significantly improved
procedural creativity while having a lesser impact on verbal and figural creativity.
Other studies have also demonstrated that computer-based systems can positively
affect learning outcomes. For example, interactive multimedia learning has been
shown to enhance critical thinking skills (Ramadhani et al., 2019), problem-solving
abilities (Widodo et al., 2023), and conceptual understanding (Harjono et al., 2020).

It is important to note that this study has certain limitations. It focuses solely on
creativity within the cognitive domain, specifically verbal, figural, numeric, and
procedural aspects, using indicators such as fluency, flexibility, originality, and
elaboration. The study also covers mechanics, including Newton’s Laws of Motion,
Work and Energy, and Simple Harmonic Motion. The sample size consisted of
second-semester students, which may restrict the generalizability of the findings.
Therefore, further research is needed to test the developed tools on more diverse
samples. Additionally, there is potential for further development of the Mechanics

11
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LMS, including exploration of other sub-topics and broader indicators of creativity.

The lower average achievement in the originality indicator suggests that although
students could generate many ideas and think in various ways, they may have needed
help producing genuinely unique or original ideas. This could be an area to focus on
if we want to enhance students’ creativity. Likewise, the lower average achievement
in the elaboration indicator indicates that students needed help to develop or expand
upon their generated ideas. Therefore, it may be necessary to create instructional
strategies or provide support that encourages the elaboration of ideas.

5. Conclusion

This quasi-experimental study examines the significant impact of a Learning
Management System (LMS)-based mechanics course on enhancing creativity among
prospective physics teachers in the post-pandemic era. Through its interactive features
and visual representations, the LMS proved effective in facilitating different aspects
of creativity, especially figural and numeric creativity. However, procedural creativity
could have been improved, indicating the importance of targeted instructional
strategies in online learning environments to address this aspect. The study also
revealed that fluency and flexibility were the creative indicators that showed the most
improvement, while originality and elaboration require further attention in future
instructional designs.

Future research should investigate instructional strategies within Learning
Management System (LMS) environments that enhance procedural creativity and
elaboration in the context of mechanics. This could involve integrating more
interactive simulations, virtual labs, and project-based activities that encourage the
practical application and expansion of theoretical concepts. Moreover, further
exploring students’ perceptions and experiences with the LMS would be valuable in
optimizing its utilization for fostering creativity in physics teacher education.
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