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Abstract 

Low creative thinking skills in automotive engineering learning can limit students’ ability to generate, 
adapt, and elaborate technical solutions. This study described the implementation of Problem-Based 
Learning (PBL) and examined changes in students’ creative thinking skills in the Fundamentals of 
Automotive Engineering course. A Classroom Action Research design was used with 21 Automotive 
Engineering students and conducted in two cycles consisting of planning, action, observation, and 
reflection. Data were collected using observation sheets on creative thinking indicators and analyzed 
descriptively based on creativity categories. In the pre-cycle condition, most students were classified as 
fairly creative (52.38%), while only 4.76% were very creative. After PBL implementation in Cycle II, the 
creative category increased to 47.62% and the very creative category increased to 28.57%, while the least 
creative category decreased to 0%. These findings suggest that PBL can support the development of 
students’ creative thinking in automotive engineering learning. 
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INTRODUCTION 

Automotive engineering education is expected to prepare students to respond to rapid 
technological change, workplace competency demands, and increasingly complex technical 
problems in the automotive sector. Recent studies in automotive vocational education have 
emphasized that graduates need competencies that are aligned with current industry needs, 
including technical adaptability, problem-solving ability, and readiness to work in technology-
oriented automotive environments [1]. At the instructional level, learning innovation in 
automotive education has also moved toward more interactive, contextual, and practice-
oriented approaches, such as smart trainers integrated with QR codes and video-based learning 
media for vehicle electrical systems [2], [3]. These developments indicate that automotive 
learning should not only transfer technical knowledge but also provide learning experiences 
that encourage students to observe, analyze, discuss, and construct solutions to authentic 
technical problems. 

In the Fundamentals of Automotive Engineering course, creative thinking is an important 
capability because students are required to understand automotive concepts, interpret 
technical situations, and propose alternative solutions to vehicle-related problems. Creative 
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thinking is commonly reflected through four indicators: fluency, flexibility, originality, and 
elaboration [4]. In an automotive learning context, fluency refers to the ability to generate 
several possible ideas or solutions; flexibility refers to the ability to view a problem from 
different technical perspectives; originality refers to the ability to propose uncommon but 
relevant ideas; and elaboration refers to the ability to develop ideas into more detailed and 
technically reasonable explanations. However, the initial condition in this study showed that 
students’ creative thinking skills were still not optimally developed. Before the intervention, 
most students were classified as fairly creative, while only a small proportion reached the very 
creative category. This condition indicates that students still needed a learning environment 
that could stimulate idea generation, alternative solution development, and deeper technical 
reasoning. 

Problem-Based Learning (PBL) is one instructional model that can support the 
development of creative thinking because it places authentic problems at the center of the 
learning process. Through PBL, students are encouraged to understand problems, collect 
information, discuss possible solutions, make decisions, and reflect on the solution process. A 
meta-analysis of PBL studies reported that PBL has the potential to improve students’ creative 
thinking skills because it actively engages learners in problem solving and knowledge 
construction [5]. Similar findings have been reported in empirical studies showing that PBL can 
support students in developing creative ideas, divergent thinking, and problem-solving ability 
[6], [7]. However, these studies are mostly situated in general education or non-automotive 
contexts, and many of them focus on final learning outcomes rather than describing how 
students’ creativity develops during the learning process. 

Several recent studies have attempted to examine PBL more contextually. Classroom 
Action Research on PBL has shown that repeated cycles of planning, action, observation, and 
reflection can be used to monitor the development of problem-solving and creative thinking 
skills during the learning process [8]. In vocational education, PBL has also been reported to 
support student creativity because it provides opportunities for learners to solve realistic tasks 
and express ideas more actively [9]. In automotive vocational education, PBL-based approaches 
have been developed to improve problem-solving and communication skills through teaching 
factory learning, and other studies have examined PBL in relation to psychomotor skills in 
automotive engineering practice [10], [11]. These studies suggest that PBL is relevant to 
vocational and automotive learning because both contexts require students to connect 
conceptual knowledge with practical decision-making. Nevertheless, the evidence remains 
limited regarding how PBL can be implemented iteratively in an automotive engineering course 
to observe changes in creative thinking indicators across classroom action cycles. 

Another issue concerns the assessment of creativity in vocational learning. Technical and 
vocational education requires assessment approaches that are aligned with practical learning 
outcomes, observable performance, and workplace-oriented competencies [12]. Therefore, 
creativity should not only be interpreted as a general learning outcome, but should also be 
observed through learning activities that require students to generate, compare, justify, and 
elaborate technical solutions. In this regard, the present study focuses on the implementation 
of PBL in the Fundamentals of Automotive Engineering course and observes changes in 
students’ creative thinking skills through the indicators of fluency, flexibility, originality, and 
elaboration. The use of Classroom Action Research allows the learning process to be improved 
through reflection between cycles, while also providing classroom-based evidence of how 
students’ creative thinking categories change during the intervention. 

Based on this background, this study aims to describe the implementation of Problem-
Based Learning and examine the observed changes in students’ creative thinking skills in the 
Fundamentals of Automotive Engineering course. The contribution of this study lies in 
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providing contextual evidence from automotive engineering education on how PBL can be 
applied through Classroom Action Research to support the development of creative thinking 
skills. This study does not claim causal effectiveness in a broad sense because it involves one 
class without a comparison group. Instead, it offers process-based evidence of changes in 
students’ creativity categories and learning behaviour across action cycles in a vocational 
automotive learning context. 

METHOD 

This study employed a Classroom Action Research (CAR) design to support the 
improvement of students’ creative thinking skills through the implementation of Problem-
Based Learning (PBL). CAR was selected because it allows instructional improvement to be 
carried out in iterative cycles of planning, implementation, observation, and reflection within 
the actual classroom context [8]. As illustrated in Figure 1, the methodological flow began with 
study conceptualisation and design, followed by population and sample selection, instrument 
preparation, and the implementation of two CAR cycles. Each cycle included planning and 
problem orientation, implementation of the PBL intervention, data collection, data analysis, and 
reflection. The cycle could be terminated once the success criteria had been met; otherwise, the 
findings from reflection were used as the basis for improvement in the subsequent cycle. 

The study was conducted in the Fundamentals of Automotive Engineering course in the D3 
Automotive Engineering programme. The population comprised all students in the automotive 
engineering programme, while the sample was selected through purposive sampling, namely 
one class consisting of 21 students identified as relevant to the research objective [14]. These 
students were organised into five heterogeneous groups, each consisting of four to five 
members, to support collaborative learning and group-based problem solving during the 
intervention. 

The intervention was carried out over two cycles, and each cycle consisted of two 100-
minute sessions. The learning activities followed the core PBL stages commonly applied in 
vocational learning contexts [10], [13]. These stages included problem orientation, organising 
students for learning, individual and group investigation, solution development and 
presentation, and analysis and evaluation of the solution process. In practice, students were 
first introduced to contextual automotive-related problems, then guided to discuss the 
problem, explore possible solutions individually and collaboratively, present their proposed 
solutions, and reflect on both the quality of the solution and the problem-solving process. This 
sequence was intended to create learning conditions that encouraged active participation, idea 
generation, and collaborative inquiry. 

Data were collected using two instruments: a creative thinking skills questionnaire and 
observation sheets. The questionnaire was designed to measure students’ creative thinking 
skills using a five-point Likert scale, which remains widely used in educational research 
because it enables structured measurement of perceptions and observed tendencies [15]. The 
instrument consisted of 20 items, with five items allocated to each indicator. Based on the 
current study documents and the uploaded flowchart, the four indicators comprised fluency, 
flexibility, originality, and evaluation. Observation sheets were used to record the 
implementation of learning activities and students’ participation during the PBL process. The 
use of observation-based assessment is relevant in technical and vocational education because 
it helps capture behavioural and performance-related aspects of learning that may not be fully 
reflected through written responses alone [12]. In addition, the use of indicators such as 
fluency, flexibility, originality, and elaboration/evaluation in creative thinking assessment is 
consistent with recent work on creative thinking instrument design [16]. 
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Data analysis was conducted using descriptive percentage analysis. Questionnaire 
responses were converted into percentage scores based on the completed instrument sheets, 
and higher percentages indicated stronger observed levels of creative thinking. The percentage 
scores were then classified into five categories using the criteria adopted in the study, namely: 
Very Creative: ≥ (Mi + 1.5 SDi); Creative: (Mi + 0.5 SDi) to < (Mi + 1.5 SDi); Fairly Creative: (Mi 
− 0.5 SDi) to < (Mi + 0.5 SDi); Least Creative: (Mi − 1.5 SDi) to < (Mi − 0.5 SDi); and Not Creative: 
≤ (Mi − 1.5 SDi). These categories were used to describe changes in students’ creative thinking 
levels across cycles. The observation data were analysed descriptively to examine student 
participation and the quality of learning implementation during each cycle. 

The success of the intervention was evaluated through the reflection stage at the end of 
each cycle. The criteria for success were defined as: (1) an increase in the average creative 
thinking score across the four indicators, (2) improved active participation during group 
discussions and classroom activities, and (3) the achievement of a “good” category in the 
learning observation results. When these criteria had not yet been achieved, the results of 
reflection were used to revise the next cycle. When the criteria were fulfilled, the action 
research process was terminated and followed by final reporting, as shown in Figure 1. 

 

Figure 1. Flowchart of the Classroom Action Research procedure for improving students’ creative 
thinking skills through Problem-Based Learning. 

RESULTS AND DISCUSSION 

Pre-cycle 
At the beginning of the study, the researchers conducted observations and interviews with 

the lecturers teaching the course. The interviews indicated that, although various learning 
approaches had been used, such as independent learning, group work, and assignment-based 
activities, students’ creative thinking skills were still relatively low. This condition was reflected 
in the students’ assignment results. Based on these initial findings, the researchers, in 
collaboration with the course lecturers, decided to implement Problem-Based Learning (PBL) 
in the Fundamentals of Automotive Engineering course. 

The pre-cycle data were used to describe students’ initial level of creative thinking before 
the implementation of PBL. The complete distribution of the pre-cycle data is presented in 
Table 1. 
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Table 1. Pre-cycle Creativity Data 

Category Respondents Percentage 

Very Creative 1 4.76% 
Creative 6 28.57% 

Fairly Creative 11 52.38% 
Least Creative 3 14.29% 
Not Creative 0 0.00% 

Total 21 100% 

 
As shown in Table 1, most students were initially classified in the Fairly Creative category, 

accounting for 52.38% of the sample. This was followed by the Creative category at 28.57%, the 
Least Creative category at 14.29%, and the Very Creative category at 4.76%. No students were 
classified in the Not Creative category. The same distribution is presented visually in Figure 2, 
which provides a clearer comparison across categories. 

 

Figure 2. Histogram of Pre-cycle Creativity Data 

Cycle I 
The results of Cycle I after the implementation of Problem-Based Learning are presented 

in Table 2. 

Table 2. Creativity Data for Cycle I 
Category Respondents Percentage 

Very Creative 3 14.29% 
Creative 9 42.86% 

Fairly Creative 8 38.10% 

Least Creative 1 4.76% 
Not Creative 0 0.00% 

Total 21 100% 
 
Based on Table 2, the distribution of creativity levels changed during Cycle I. The largest 

proportion of students was found in the Creative category at 42.86%, followed by the Fairly 
Creative category at 38.10%. The proportion of students in the Very Creative category 
increased to 14.29%, while the Least Creative category decreased to 4.76%. No students were 
classified in the Not Creative category. These results indicate a shift in the distribution of 
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students’ creative thinking levels compared with the pre-cycle condition. The distribution for 
Cycle I is also illustrated in Figure 3. 

 

Figure 3. Histogram of Creativity Data for Cycle I 

 
In addition to the distribution shown in Table 2 and Figure 3, the observations conducted 

during Cycle I indicated that several aspects still required improvement. Some students still 
experienced difficulty in generating varied alternative solutions to the automotive problems 
provided. Group discussions also tended to be dominated by only a few members, while some 
students were still dependent on lecturer guidance during the investigation and decision-
making process. These observations formed the basis for revising the learning implementation 
in Cycle II. 

 
Cycle II 

Based on the reflection results from Cycle I, several adjustments were introduced in Cycle 
II. The lecturers presented problems that were more contextual and more closely related to 
students’ experiences, strengthened the scaffolding process through prompting questions, 
clarified the division of roles within groups to support more balanced participation, and 
provided more intensive feedback during investigation and discussion. Students were also 
encouraged to compare several technical alternatives before selecting the most appropriate 
solution. The results of Cycle II are presented in Table 3. 

Table 3. Creativity Data for Cycle II 
Category Respondents Percentage 

Very Creative 6 28.57% 
Creative 10 47.62% 

Fairly Creative 5 23.81% 
Least Creative 0 0.00% 
Not Creative 0 0.00% 

Total 21 100% 

 
As presented in Table 3, the distribution of students’ creativity levels changed again in Cycle 

II. The Creative category represented the highest proportion at 47.62%, followed by the Very 
Creative category at 28.57%, and the Fairly Creative category at 23.81%. No students were 
classified in either the Least Creative or Not Creative categories. Compared with the previous 
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stage, the results of Cycle II show a further shift in the distribution toward the higher creativity 
categories. This distribution is also shown in Figure 4. 

 

Figure 4. Histogram of Creativity Data for Cycle II 

 
Overall, the results across the three stages show changes in the distribution of students’ 

creative thinking categories from the pre-cycle condition to Cycle I and then to Cycle II. The 
proportion of students in the Very Creative and Creative categories increased across cycles, 
while the proportion of students in the Least Creative category decreased from 14.29% in the 
pre-cycle stage to 4.76% in Cycle I and 0.00% in Cycle II. Likewise, no students were classified 
in the Not Creative category in either Cycle I or Cycle II. 

 
Discussion 

The results show a gradual shift in students’ creative thinking categories from the pre-cycle 
stage to Cycle I and Cycle II. This shift should be interpreted as an observed classroom 
improvement within the Classroom Action Research framework rather than as statistical 
evidence of causal effectiveness. The pattern indicates that the implementation of Problem-
Based Learning (PBL), supported by reflection and instructional refinement across cycles, was 
associated with a higher proportion of students in the Creative and Very Creative categories. 
This interpretation is aligned with the rationale of PBL as a student-centered learning model 
and with vocational learning principles that emphasize authentic problem solving, 
collaborative learning, and performance-oriented assessment [5], [10], [12]. 

The improvement across cycles is summarized in Table 4. This table does not present new 
data but reorganizes the results from the pre-cycle, Cycle I, and Cycle II to make the 
development of students’ creative thinking categories easier to interpret. 

Table 4. Changes in students’ creative thinking categories across research stages 

Stage 
Very 

Creative 
Creative 

Fairly 
Creative 

Least 
Creative 

Not 
Creative 

Pre-cycle 4.76% 28.57% 52.38% 14.29% 0.00% 
Cycle I 14.29% 42.86% 38.10% 4.76% 0.00% 
Cycle II 28.57% 47.62% 23.81% 0.00% 0.00% 

 
Based on Table 4, the proportion of students in the Very Creative category increased from 

4.76% in the pre-cycle to 14.29% in Cycle I and 28.57% in Cycle II. The Creative category also 
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increased from 28.57% in the pre-cycle to 42.86% in Cycle I and 47.62% in Cycle II. At the same 
time, the Fairly Creative category decreased from 52.38% to 23.81%, while the Least Creative 
category decreased from 14.29% to 0.00%. The trend displayed in Figure 5 visually reinforces 
this movement from lower creativity categories toward higher creativity categories across the 
two action cycles. 

 

Figure 5. Trend of students’ creative thinking category changes from pre-cycle to Cycle II 

 
The observed improvement can be explained through the learning structure used in the 

PBL intervention. In Cycle I, students were introduced to contextual automotive problems and 
were required to identify possible causes, discuss alternatives, and present solutions. However, 
the reflection results showed that some students still had difficulty generating varied ideas, and 
group discussions were still dominated by several members. Similar classroom-based PBL 
research has shown that the development of critical and creative thinking depends not only on 
the presence of problems but also on how students are guided through discussion, 
investigation, and reflection [17]. Therefore, the improvements introduced in Cycle II, such as 
more contextual problems, clearer group roles, prompting questions, and more intensive 
feedback, were important because they provided more structured opportunities for students 
to participate and develop their ideas. 

The increase in the Creative and Very Creative categories suggests that PBL can create a 
learning environment that encourages students to produce and refine ideas during technical 
problem-solving activities. This finding extends previous evidence from student-centered PBL 
environments showing that problem-based activities can support creative thinking when 
learners are required to explore problems, collaborate with peers, develop ideas, and construct 
solutions rather than merely receive information from the teacher [18]. In the context of this 
study, the automotive problems functioned as learning triggers that required students to 
connect conceptual knowledge with practical reasoning. This is important in automotive 
engineering education because students are expected not only to understand vehicle systems 
but also to think flexibly when diagnosing problems, selecting technical alternatives, and 
explaining the logic behind their decisions. 

The development of fluency was reflected in students’ increasing ability to generate more 
ideas and possible solutions during group investigation. PBL encourages this process because 
students are placed in situations where one problem may have more than one possible solution. 
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Previous studies have reported that PBL supported by scaffolding can make students more 
active in exchanging ideas, asking questions, and expressing possible solutions during the 
learning process [19]. This explains why students in this study became more capable of 
proposing several alternatives after they were given more structured prompts and more 
contextual problems in Cycle II. 

The improvement in flexibility can be interpreted from students’ increasing ability to 
consider different technical approaches before selecting a solution. In the PBL process, students 
had to examine the problem from several perspectives, compare the possible solutions 
proposed by group members, and justify why a particular solution was considered more 
appropriate. Recent research integrating PBL with computational thinking also emphasizes 
that problem-based activities can stimulate students to analyze problems, test alternative 
pathways, and construct solutions more creatively [20]. Although the present study was 
conducted in an automotive course rather than a computational learning context, both studies 
indicate that the problem-solving structure of PBL can support flexible thinking when students 
are asked to explore alternatives rather than follow a single fixed answer. 

Originality also appeared to develop as students began to propose solutions that were not 
limited to examples provided by the lecturer. In the solution development and presentation 
stages, students were required to explain their proposed solutions using technical reasoning. 
This requirement encouraged them to formulate their own arguments, defend their ideas, and 
respond to questions from peers. Research on PBL and digital literacy has similarly shown that 
students’ creativity can be supported when they are given opportunities to search for 
information, discuss findings, and transform information into original responses to a problem 
[21]. In the present study, originality should still be interpreted cautiously because the 
assessment was based on classroom observation and category distribution, not on a separate 
originality test. Nevertheless, the classroom pattern suggests that students became more 
confident in proposing varied technical ideas during the second cycle. 

The elaboration aspect was reflected in students’ ability to explain their proposed solutions 
more systematically and with more detailed reasoning. This improvement can be linked to the 
presentation and evaluation stages of PBL, where students had to communicate not only what 
solution they selected but also why the solution was technically reasonable. Similar findings 
have been reported in studies using PBL-assisted strategies, where creative thinking 
development was reflected through students’ ability to expand ideas, provide supporting 
explanations, and connect their answers with the problem context [22]. In this study, 
elaboration became more visible after Cycle II because students received more intensive 
feedback and were encouraged to compare several technical alternatives before presenting the 
final solution. 

The results of this study are generally consistent with broader research showing that 
creative thinking can be developed when students are exposed to learning environments that 
require active inquiry, collaboration, and reflection. A study on 21st-century skills curriculum 
found that creative thinking development is supported when learning tasks require learners to 
apply ideas, communicate reasoning, and engage in higher-order thinking processes [23]. 
Cooperative learning research has also shown that interaction among learners can contribute 
to creative thinking development because students are exposed to different perspectives and 
problem-solving strategies [24]. These findings help explain why the group-based structure of 
PBL in this study was important. The improvement did not occur simply because PBL was used, 
but because students were repeatedly engaged in problem orientation, investigation, 
discussion, presentation, and reflection. 

However, the interpretation of the findings must remain proportional. The present study 
used Classroom Action Research with one class of 21 students and did not include a control 
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group. Therefore, the results show improvement across cycles within the studied classroom, 
but they should not be generalized as definitive causal evidence that PBL alone produced the 
improvement. Meta-analytic evidence in higher education indicates that PBL can support 
higher-order thinking development, but the magnitude and consistency of its effects depend on 
implementation quality, learning context, assessment type, and instructional support [25]. A 
comparative pedagogical evaluation of PBL and lecture-based methods also suggests that PBL 
can provide stronger opportunities for cognitive engagement, but its success depends on how 
well learning activities are structured and facilitated [26]. These findings support a careful 
interpretation of the present study: PBL was associated with positive changes in students’ 
creative thinking categories, but the improvement was also shaped by the iterative refinement 
of instruction during the CAR process. 

From a practical perspective, this study suggests that PBL can be used as a classroom 
strategy to support creative thinking in automotive engineering learning when it is 
implemented through structured cycles, contextual problems, collaborative investigation, and 
reflective improvement. For lecturers, the findings imply that creative thinking is more likely 
to develop when students are given space to generate multiple ideas, compare technical 
alternatives, justify their choices, and receive feedback during the problem-solving process. For 
automotive vocational education, the study provides classroom-based evidence that authentic 
technical problems can be used not only to teach automotive content but also to encourage 
fluency, flexibility, originality, and elaboration in students’ thinking. Nevertheless, future 
studies should involve larger samples, clearer instrument validation, and comparison groups 
to examine the robustness of these findings beyond the classroom context investigated in this 
study. 

CONCLUSION 

This classroom action research showed an observed improvement in students’ creative 
thinking skills after the implementation of Problem-Based Learning in the Fundamentals of 
Automotive Engineering course. The improvement was reflected in the shift of students’ 
creativity categories across the action cycles, with more students moving into the Creative and 
Very Creative categories by the end of Cycle II. This development was also observed in students’ 
ability to generate ideas, consider alternative solutions, propose original responses, and 
elaborate technical reasoning during problem-solving activities and group discussions. 

The findings suggest that Problem-Based Learning can support the development of creative 
thinking skills in automotive engineering learning when implemented through contextual 
problems, collaborative investigation, presentation, feedback, and reflection. The contribution 
of this study lies in providing classroom-based evidence of how PBL can be applied iteratively 
through Classroom Action Research to support creative thinking in a vocational automotive 
learning context. However, the findings should be interpreted within the limits of a single class, 
a small sample size, and the absence of a comparison group. Future research should involve 
larger samples, different vocational education settings, and more robust research designs to 
further examine students’ creative thinking development. 
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