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ABSTRACT

The development of  the 21st century and education are closely related in equipping students with relevant skills 
to adapt and succeed in an ever-changing environment. This development demands a more interactive, collabora-
tive, and student-centered learning method. Case-based learning (CBL) is designed to facilitate students’ think-
ing critically and creatively in solving problems and working in teams so that they can face real-world problems 
that are integrated into learning. The Understanding by Design (UbD) framework facilitates cases in learning 
designed to suit students’ interests and needs, enhancing creative thinking skills when integrated with CBL. This 
study uses a mixed or explanatory method and involves 115 students. Quantitative data was obtained from crea-
tive thinking skills tests using pre-test and post-test, which showed differences between the pre-test and post-test 
and a correlation between creative thinking skills indicators (fluency, flexibility, originality, and elaboration). 
Qualitative data from classroom observations showed that students performed the activities well and were sup-
ported by interview data, which revealed that students were actively involved in learning, although some students 
could not relate concepts to problems. These findings support the idea that CBL with the UBD framework helps 
students understand the ideal gas law and improves creative thinking skills. This study suggests that students can 
develop better problem-solving skills because the UbD framework facilitates a structured and meaningful learning 
experience for students.
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INTRODUCTION

In the 21st century, it is expected that eve-
ryone related to the needs and complexities of  life 
in modern society will be expected to follow the 
Sustainable Development Goals (SDG), particu-
larly Goal 4: Education. Creative thinking skills in 
science and technology are the main focus of  the 
education curriculum. Indonesian students’ low 
creative thinking skills pose a significant challen-
ge, especially considering the Global Innovation 
Index (GII). The GII emphasizes the importance 

of  innovation and creativity in driving economic 
development (WIPO, 2024). Despite Indonesia’s 
growing global recognition, students perform 
poorly in assessments assessing creative problem-
solving and innovation. Traditional educational 
methods that emphasize rote memorization fail 
to cultivate creative competencies. Low critical 
thinking and creativity scores hinder Indonesia’s 
potential to compete globally, as indicated in the 
GII (WIPO, 2024). Engaging pedagogies like Ca-
se-Based Learning enhances critical thinking and 
creativity by facilitating collaborative problem-
solving (Lavi & Marti, 2023). However, conven-
tional teaching paradigms must shift towards dy-
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namic, student-centered approaches prioritizing 
innovation and creativity. Addressing this issue 
is imperative for enhancing Indonesia’s innova-
tion capacity and competitiveness in the global 
economy.

Creative thinking skills create something 
new, produce different ideas or notions, create 
solutions to solve problems and create new pro-
jects. Creativity also comes from thinking to solve 
problems. The creative thinking process combi-
nes logical and divergent thinking, flexibility, and 
originality and produces various ideas, solutions, 
and answers from various perspectives to over-
come various problems (Runco & Garrett, 2012). 
Therefore, several studies have used learning 
strategies to improve students’ creative thinking 
skills (Alani et al., 2022; Çetinkaya, 2024). Crea-
tive thinking skills are important in education and 
help individuals adapt to change and overcome 
new challenges (Oo et al., 2024). 

Case-based learning (CBL) is one type of  
learning that can build creative thinking skills. It 
combines the application of  theory in everyday 
life. It is an active learning process that makes stu-
dents think critically and creatively when solving 
complex problems. Before this study, several ot-
her studies showed that CBL could improve stu-
dents’ conceptual understanding, analytical skills, 
and learning motivation (Sudibyo et al., 2016; 
Raza, 2020; Raza, 2020; Burgess et al., 2021). 
With case-based learning, students can improve 
their thinking skills through experience in solving 
problems and applying them in everyday life. 
CBL fosters creative thinking in abstract physics 
by connecting theoretical principles to practical 
applications. CBL engages students in problem-
solving through complex, real-world scenarios, 
enhancing their ability to apply physics concepts 
(Rudzińska et al., 2024; Wang et al., 2024). CBL 
allows students to explore diverse scenarios, re-
quiring critical thinking about underlying physics 
principles like motion, energy, and forces. Rese-
arch shows that CBL strengthens abstract mate-
rial comprehension and encourages innovative 
problem-solving approaches, deepening cognitive 
engagement. Group discussions and collabora-
tions expose students to diverse perspectives and 
strategies, cultivating creativity. This dynamic 
learning environment enhances knowledge reten-
tion and empowers students to connect physics 
to personal experiences, elevating academic and 
practical proficiency. CBL is a pivotal pedagogi-
cal strategy in scientific education, especially for 
abstract disciplines like physics.

Although CBL has successfully improved 
conceptual understanding in several studies, it is 

still unclear how it influences creative thinking 
skills in ideal gas law (Zhao et al., 2020; Angel 
et al., 2021; McNiven et al., 2023). To overcome 
this gap, CBL must be designed based on the 
Understanding by Design (UbD) framework to 
build students’ creative thinking skills in solving 
problems, especially in the ideal gas law. With 
the integration of  CBL and UbD, learning can 
be more structured to focus on understanding, 
application, and reflection in creative thinking. 
This integration is expected to improve students’ 
thinking skills in applying the concept of  ideal 
gas law in everyday life. An important part of  this 
learning is creating a learning design to achieve 
learning objectives, especially in building creative 
thinking skills (Angelo et al., 2019; Vani et al., 
2022). Applying the UbD framework to design 
learning aims to provide an overview of  learning 
and ensure students gain understanding (Wiggins 
& McTighe, 2011). 

The integration between CBL and UbD 
can strengthen the final learning outcomes to 
achieve learning objectives, overcome indivi-
dual differences, help create a pleasant learning 
atmosphere for students, and contribute to the 
learning process (Wiggins & McTighe, 2011; 
Lumbreras & Rupley, 2020). Applying CBL with 
the UbD framework aims to provide new insights 
into how such learning is applied to improve cre-
ative thinking skills in ideal gas law. With this 
application, students are expected to be active in 
learning by exploring various solutions to solve 
problems and equipping students with thinking 
skills in applying knowledge to everyday life. The 
results of  this study are also expected to contri-
bute to science education, especially in improving 
students’ creative thinking skills.

Learning that involves group discussions 
brings up different ideas and perspectives, thus 
broadening students’ understanding and inc-
reasing creativity in solving problems (Li & Tu, 
2024). Group discussions also encourage stu-
dents to be more open and determine alternative 
solutions to solving problems (Bharathi & Pande, 
2024). In the theory of  ideal gas law, students not 
only learn theory but are also required to think 
creatively, such as putting forward ideas and ana-
lyzing the relationship between pressure, volume, 
and temperature in everyday life cases. With inte-
raction in group discussions, students can develop 
communication in solving problems (Maggiore et 
al., 2024). The Understanding by Design (UbD) 
framework, developed by Grant Wiggins and Jay 
McTighe, provides a structured approach to cur-
riculum development. It emphasizes a backward 
design process, starting with desired learning 
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outcomes and assessments before planning acti-
vities and resources (Wiggins & McTighe, 2011). 
This approach ensures coherent and focused cur-
ricula aligned with educational objectives. UbD 
comprises three stages: identifying desired results, 
determining acceptable evidence of  learning, and 
planning learning experiences and instruction. 
This structured methodology prioritizes enduring 
understandings and avoids content overload by 
focusing on key ideas. Teachers collaborate with 
students, fostering an interactive learning envi-
ronment where students become co-investigators 
of  their knowledge. UbD is a valuable tool for 
shaping effective lesson plans, ensuring student-
centered teaching for long-term knowledge and 
skill retention (Meyer et al., 2024). This study 
focuses on the ideal gas law to explore students’ 
ability to see the application of  this concept from 
a practical or socially relevant perspective. Many 
studies have neglected elaboration as an indica-
tor of  creative thinking. Developing elaboration 
skills through learning the ideal gas law helps stu-
dents creatively connect various physical variab-
les (ErenŞişman et al., 2020).

Implementing structured CBL and UbD 
also provides evaluation in the form of  formative 
assessment. With formative assessment during the 
learning process, students can receive constructi-
ve feedback and identify what needs to be imp-
roved in developing creative thinking skills (Tira-
do et al., 2024). This feedback is focused on the 
result and the students’ thinking process so that 
students can be more reflective in improving their 
creative skills. Teachers can consistently monitor 
students’ creative thinking skills development by 
conducting formative assessments for the desired 
results (Steen et al., 2023). Therefore, combining 
CBL and UbD in learning can positively impact 
students’ creative thinking skills development, 
thereby improving the quality of  education in 
Indonesia. Based on the background above, the 
formulation of  the problem is How is the effec-
tiveness of  the Case-Based Learning (CBL) mo-
del in improving students’ creative thinking skills 
on the Ideal Gas Law material? and the aim is to 
describe students’ creative thinking skills through 
the application of  Case-Based Learning based on 
Understanding by Design.

METHODS

This study uses a mixed or explanatory 
method. Explanatory combines quantitative and 
qualitative data (Creswell & Plano, 2018). Quan-
titative data were collected and analyzed in the 
first stage, and the results were identified. Qua-

litative data were collected and analyzed in the 
second stage. The results were then interpreted to 
explore the application of  case-based learning in 
improving students’ creative thinking skills on the 
ideal gas law. This study involved 115 students in 
the same semester. The subjects were randomly 
selected from the student population at one of  the 
universities in Surabaya to represent the student 
group in this study (Patton, 2014). 

This design development framework uses 
the Understanding by Design integrated with 
Case Based-Learning. The design framework is 
presented in Figure 1.

Figure 1. Understanding by Design framework 
integrated with Case Based-Learning

The process begins by setting the desi-
red outcome, namely the learning objectives to 
improve creative thinking skills. To achieve this 
goal, explanations, interpretations, applications, 
perspectives, empathy, and self-knowledge are 
needed to help students understand the material 
thoroughly and in various contexts. Creative thin-
king skills and case-based learning support this 
process. Furthermore, evaluation and assessment 
are carried out to measure students’ understan-
ding of  the material being studied. The results of  
this evaluation are used to prepare a learning plan 
that will improve or enhance learning strategies 
to be more effective.

The research instrument focuses on deve-
loping students’ creative thinking skills, including 
creative thinking skills tests designed to develop 
students’ creative thinking skills based on the 
following indicators: fluency, flexibility, origi-
nality, and elaboration (Runco et al., 2010) and 
UbD understanding indicators: explanation, in-
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terpretation, application, perspective, empathy, 
and self-knowledge (Wiggins & McTighe, 2011) 
(Table 1). This test is an essay to assess how well 
students can develop creative thinking skills and 
apply the ideal gas law in a case about the ideal 
gas law that includes previous indicators. Class-
room observations and interviews were also con-
ducted to provide qualitative data during learning 

and identify whether case-based learning can 
help achieve learning objectives. Student activi-
ties during learning were observed by providing 
cases of  the ideal gas law in everyday life. Several 
students were interviewed to discover their expe-
riences during CBL and how CBL affected their 
understanding.

Table 1. Indicators Creative Thinking Skills with UbD by Wiggins and McTighe

UbD Understanding Aspects Creative Thinking Skills Indicators

Explanation Explaining concepts accurately (fluency)

Interpretation Interpreting information or data in detail (elaboration)

Application Applying concepts in various cases (flexibility)

Perspective Providing different perspectives in different cases (flexibility)

Empathy Empathizing with the concept (elaboration)

Self-Knowledge Reflecting a unique and original understanding of  concepts 
(originality)

The Understanding by Design (UbD) 
framework emphasizes creative thinking skills 
indicators like fluency, elaboration, flexibility, 
and originality. Accurately explaining concepts 
enhances fluency, enabling clear articulation. 
Barnes et al. (2024) highlight empathic under-
standing in industrial design, supporting effective 
communication and idea expression. Interpreting 
information details fosters elaboration, as Fuen-
tes et al. (2022) distinguish between cognitive and 
emotional empathy in adolescents, emphasizing 
the importance of  in-depth comprehension.

Flexibility in applying concepts across con-
texts aligns with adaptability in communication. 
However, the provided citation supports deceit 
elicitation rather than communication flexibility. 
Therefore, it is removed for accuracy. Empathi-
zing with concepts enhances elaboration, promo-
ting a deep and nuanced understanding. Davison 
(2017) argues for historical empathy in fostering 
civic identity and diverse perspectives. Reflecting 
a unique and original understanding is crucial for 

originality in creative endeavors, as McKinnon 
asserts that empathy in nursing requires creativi-
ty and emotional engagement to solve complex 
problems (McKinnon, 2018). These studies con-
verge on the essential role of  these indicators in 
cultivating robust creative thinking skills aligned 
with UbD principles, fostering a rich learning and 
innovation environment.

The research procedure was conducted in 
several stages. In the preparation stage, cases rele-
vant to the ideal gas law were developed, creative 
thinking skills tests (pre-test and post-test) were 
prepared based on indicators of  fluency, flexibi-
lity, originality, and elaboration with aspects of  
understanding from UbD, and observation and 
interview guides were prepared. The second sta-
ge was implementation, which began with distri-
buting pre-tests and then continued with imple-
menting CBL and UbD, as well as classroom 
observation to observe teacher and student activi-
ties. The implementation stages are described in 
Table 2.

Table 2. Implementation Stage 

Stage Implementation

1 Distributing the pre-test to all participants

2 Implementation learning; Students discuss and work in groups to analyze and solve 
cases related to the ideal gas law

3 Collecting data through classroom observation

4 Distributing post-tests to measure changes in students’ creative thinking skills

5 Collecting data through interviews after learning

This study uses quantitative and qualitative 
data analyses. Both are conducted to provide a 
more comprehensive understanding of  the effec-

tiveness of  case-based learning. Pre-test and post-
test scores are analyzed quantitatively. Data are 
analyzed using descriptive and inferential statis-
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tical methods to determine significant differences 
in CBL and UbD integration results. Correlation 
tests are also conducted to determine indicators 
of  creative thinking skills (fluency, flexibility, ori-
ginality, and elaboration). The results of  this ana-
lysis describe the effectiveness of  applying CBL 
and UbD in developing students’ creative skills. 
Qualitative analysis uses a thematic approach to 
determine patterns related to creative thinking 
skills and identify insights related to applying 
CBL and UbD in improving creative thinking 
skills (Braun & Clarke, 2019). This qualitative 
data is also used to describe students’ learning 
experiences and perspectives in the learning pro-
cess.

RESULTS AND DISCUSSION

Table 3 shows the results of  descriptive and 
inferential statistical analysis of  quantitative data 
using post-test scores. Pre-test data were not ana-
lyzed in descriptive statistical analysis, and this 
study only focused on the results of  the post-test 
to see the achievements and measure students’ 
creative thinking skills after implementing Case-
Based Learning (CBL) based on Understanding 
by Design (UbD) on the Ideal Gas Law material. 
The results obtained were measured using a scale 
of  100 to facilitate calculations.

Table 3. Descriptive Statistical Analysis

Fluency Flexibility Originality Elaboration

Valid 115 115 115 115

Missing 0 0 0 0

Median 78.57 75.00 75.00 67.86

Mean 80.44 75.99 73.32 67.39

Std. Deviation 6.83 6.70 7.62 7.14

Coefficient of variation 0.085 0.088 0.104 0.110

Variance 46.62 44.87 58.40 54.94

Range 32.14 25.00 35.71 32.14

Minimum 67.86 64.29 53.57 53.57

Maximum 100,00 86.29 89.29 85.71

Based on Table 3, the fluency indicator has 
the highest mean (80.44), indicating that students, 
on average, have higher fluency compared to fle-
xibility (75.99), originality (73.32), and elaborati-
on (67,39). The fluency indicator has the highest 
median (78.57), while the elaboration indicator 
has the lowest median (67.86). The originality in-
dicator (7.14) has the highest standard deviation, 
which shows the largest variation in originality-
related responses. The low coefficient of  variati-
on value (between 0.085 and 0.110) indicates that 
the data is relatively homogeneous. These results 
indicate that students tend to be quite consistent 
for each indicator. Fluency has the highest ran-
ge (32.14 to 100), while flexibility has the lowest 
range (25.00 to 86.29). 

Furthermore, a normality test determines 
whether the research data is normally distributed. 
The homogeneity test determines whether two 
groups come from the same population or have 
the same variance. The t-test determines whet-
her there is a significant difference between two 
groups on a particular variable.

Ho = there is no significant difference bet-
ween pre-test and post-test

Ha = there is a significant difference bet-
ween pre-test and post-test

The statistical results for the normality 
test, homogeneity test, and t-test are presented in 
Tables 4, 5, and 6.

Table 4. Normality Test

Data Statistic df Sig.

Posttest 0.081 115 0.058

Pretest 0.067 115 0.200

The normality test of  the pre-test data pro-
duced a value of  0.058, and the post-test data pro-
duced a value of  0.200. These values ​​are smaller 

than 0.05, so the pre-test and post-test data are 
normally distributed.
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Table 5. Homogeneity Test

Levene Statistic df1 df2 Sig.

0.766 1 228 0.382

The homogeneity test of  pre-test and post-
test data produced a value of  0.382. This value 
is greater than 0.05, so the pre-test and post-test 

data are homogeneous or come from the same 
population.

Table 6. Paired T-test

Measure 1 Measure 2 t df p Cohen’s d SE Cohen’s d

Pre-test - Post-test -61.933 114 < .001 -5.775 0.505

The results of  the paired t-test showed a 
t-value of  -61.933. There is a vast difference bet-
ween the two groups of  data (pre-test and post-
test). A negative t-value indicates that the post-
test score is significantly higher than the pre-test. 
A p-value less than 0.001 indicates that this result 
is statistically significant, meaning the difference 
between the pre-test and post-test scores is very 
significant. Cohen’s d measures the effect size or 

how big the difference is between two groups of  
data. A d value of  -5.775 indicates a substantial 
effect between the pre-test and post-test. 

Pearson correlation coefficient was con-
ducted to determine the relationship between 
fluency, flexibility, originality, and elaboration 
indicators. The results of  the Pearson correlati-
on test are presented in Table 7 and illustrated in 
Figure 2.

Table 7. Pearson Correlation Coefficient

Indicator   Fluency Flexibility Originality Elaboration

Flexibility n 115

Pearson’s r 0.774 ***

p-value < .001    

Effect size (Fisher’s z) 1.029

SE Effect size 0.094

Originality n 115 115 —

Pearson’s r 0.687 *** 0.724 *** —

p-value < .001 < .001 —  

Effect size (Fisher’s z) 0.841 0.915 —

SE Effect size 0.094 0.094 —

Elaboration n 115 115 115 —

Pearson’s r 0.526 *** 0.694 *** 0.763 *** —

p-value < .001 < .001 < .001 —

Effect size (Fisher’s z) 0.584 0.856 1.003 —

SE Effect size 0.094 0.094 0.094 —

* p < .05, ** p < .01, *** p < .001

Table 7 and Figure 2 show the correlation 
of  fluency, flexibility, originality, and elaboration. 
Pearson correlation coefficient (r) measures the 
strength and direction of  the linear relationship 
between indicators with values ​​ranging from -1 
to +1. Positive values ​​indicate a positive relation-

ship and negative values ​​indicate a negative re-
lationship. The correlation between fluency and 
flexibility is 0.774 with p < 0.001, indicating a st-
rong and statistically significant relationship; the 
higher the fluency, the higher the flexibility. 
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Figure 2. Correlation of  Creative Thinking Skills Indicators

The effect size (1.029) indicates a signifi-
cant impact of  this relationship. The correlation 
between fluency and originality is 0.687 with p < 
0.001, indicating a relatively strong relationship 
with an effect size of  0.841. This value indicates 
that high fluency tends to be associated with high 
originality. 

The correlation between fluency and ela-
boration is 0.526, with p < 0.001. This relation-
ship is weaker than the previous two but still sig-
nificant, with an effect size of  0.584. The effect 
size uses Fisher’s z transformation to assess the 
significance of  the relationship between two in-
dicators. The larger the z value, the stronger the 
effect or impact of  the relationship. Flexibility 

and originality have the most significant effect 
size (1.003), indicating a powerful relationship. 
Fluency and flexibility also have significant effect 
sizes (1.029), indicating a powerful relationship. 
The effect size between flexibility and elaboration 
is 0.856, indicating a strong and statistically signi-
ficant relationship. All p-values ​​are below 0.001, 
indicating that all relationships between indica-
tors are statistically significant. 

The results of  qualitative data analysis 
based on the recapitulation of  observations and 
interviews using aspects of  understanding UbD 
to develop creative thinking skills are presented 
in Table 8.

Table 8. Recapitulation of  Observations and Interviews

No Aspect Observation Interview

1 E x p l a n a t i o n Students explained concepts flu-
ently and in a structured manner and 
demonstrated good understanding.

Students agree and support that 
case-based learning with the 
UbD framework provided an au-
thentic context that made the 
concepts easier to understand.

2 Interpretation Students saw possibilities and adapted 
their approach to the problems in de-
tail.

Students agree and support that 
case-based learning with the UbD 
framework helped them under-
stand the concept of  the ideal gas 
law in detail.

3 Application Students generated solutions in vari-
ous cases

Students learned how to apply the 
ideal gas law in various situations.
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4 Perspectives Students demonstrated flexibility in 
considering various perspectives when 
solving problems in cases.

Some students had difficulty in 
linking concepts to cases.

5 Empathy Students empathized with the chal-
lenges in the cases given.

Students agree that discussions 
with friends and lecturer guidance 
helped them overcome their diffi-
culties.

6 Self-knowledge Students adapted and responded well to 
various questions.

Students agree that working in groups 
was very helpful in understanding the 
material.

Time constraints often increase students’ 
cognitive load, particularly in environments that 
emphasize quick, creative thinking, such as Case-
Based Learning (CBL). CBL promotes the rapid 
generation of  innovative ideas, which may inad-
vertently prioritize creating unique ideas over the 
depth of  elaboration. Students are likely to priori-
tize generating novel ideas due to the pressure of  
limited time, thereby sacrificing the thoroughness 
that detailed elaboration entails. Sweller et al. 
(2019) support the cognitive load theory, which 
suggests that when students encounter stringent 
time limits, cognitive resources become strained, 
making deeper engagement with ideas challen-
ging. This aligns with Hanke (2011), which indi-
cates that lesson design creativity often leads to 
innovative approaches but may falter in detailed 
execution, reflecting the struggle with cognitive 
constraints in elaboration processes.

Case-Based Learning (CBL) fosters critical 
thinking and problem-solving by immersing stu-
dents in authentic scenarios necessitating analysis, 
evaluation, and creative solution development. A 
study demonstrated that CBL enhances student 
engagement and problem-solving abilities by allo-
wing students to resolve complex issues actively, 
strengthening their critical thinking skills across 
diverse contexts, including disaster scenarios pre-
sented through animated videos (Lara-Prieto & 
Flores-Garza, 2022). CBL is a dynamic instruc-
tional model that stimulates interest and deepens 
understanding through reflective inquiry and 
collaborative learning (Wen et al., 2024). For 
instance, leveraging case studies enables students 
to encounter real-world problems, prompting the 
development of  innovative solutions that account 
for the unpredictability and multifaceted nature 
of  actual challenges (Kong et al., 2025).

The Cognitive Load Model (CLM) gene-
rally emphasizes generating diverse and innova-
tive solutions rather than in-depth elaboration, 
potentially hindering students’ ability to develop 
ideas thoroughly (Khanova et al., 2015). If  the 
instructional framework includes brainstorming 

activities without adequately guiding students 
toward deep exploration of  their ideas, elabora-
tion may suffer. This finding is corroborated by 
Khanova et al. (2015), underscoring the necessity 
for thoughtful design and assessment restructu-
ring to achieve instructional alignment in various 
educational settings. An instructional model that 
encourages rapid idea generation without follow-
ups or systematic elaboration may lead students 
to excel in originality but lag in detail-oriented 
tasks.

Elaboration is widely recognized as a pivo-
tal dimension of  creative thinking, indicative of  
an individual’s ability to develop ideas compre-
hensively (Liu et al., 2024). Despite its importan-
ce, empirical assessments often reveal that scores 
for elaboration trail behind those for fluency, fle-
xibility, and originality (Saputri et al., 2022). This 
disparity raises questions regarding the factors 
that impact elaboration, necessitating exploring 
personal experiences, time limitations during 
assessments, and the methodological issues sur-
rounding its evaluation. Several key factors cont-
ribute to the underperformance of  elaboration in 
creative assessments. Personal experience is criti-
cal in shaping an individual’s ability to elaborate 
on ideas. Students with more extensive exposure 
to creative tasks are better at articulating detailed 
and nuanced thoughts (Tamirrino et al., 2023). 
In parallel, time constraints during creative as-
sessments can inhibit the elaborative process, as 
individuals may feel pressured to produce quick 
responses rather than allowing their ideas to de-
velop fully (Madyani et al., 2020). Consequently, 
the urgency can stifle creativity and result in su-
perficial elaboration.

Student motivation plays a pivotal role in 
emphasizing originality over elaboration. Stu-
dents often find generating novel ideas more 
stimulating than developing existing ideas, per-
ceiving the latter as less engaging or important 
(Roskes, 2015). This notion aligns with Roskes 
(2015) that certain constraints can channel cog-
nitive resources, enhancing creative output but 
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potentially obscuring the value of  detailed ela-
boration. Furthermore, many students may not 
comprehend the significance of  elaboration in 
problem-solving tasks, viewing it as secondary to 
the excitement of  brainstorming innovative ideas. 
Educators can provide guidance and support to 
address this misunderstanding, fostering a broa-
der appreciation for the intricacies of  originali-
ty and elaboration (Roskes, 2015; Fischer et al., 
2023).

Case-based learning is a student-centered 
approach that enables them to evaluate clinical 
scenarios and actively address challenges (Sho-
hani et al., 2023; Xu et al., 2024). This learning 
can improve various competencies in undergra-
duate and postgraduate students (Aggarwal et al., 
2024). Implementing CBL facilitates deep lear-
ning, provides learning experiences, and helps 
students collaborate actively (McLean, 2016; Lof-
tus, 2022; Maia et al., 2023) so students’ creative 
thinking skills can be realized. Students can deve-
lop critical thinking skills, as seen from students’ 
ability to answer creative thinking skills tests 
correctly on the following indicators: explaining 
concepts accurately, interpreting information or 
data in detail, applying concepts in various cases, 
providing different perspectives in different cases, 
empathizing with the concept, and reflecting a 
unique and original understanding of  concepts.

The results of  the statistical description 
show students’ overall creative thinking skills. 
The fluency indicator has a higher value than 
other indicators. This success is driven by imple-
menting case-based learning with the UbD fra-
mework, which applies the understanding aspect. 
The application of  CBL with the UbD framework 
has a positive impact on students’ creative thin-
king skills, as seen from the difference between 
the pre-test and post-test scores, which reflect 
the difference before and after the implementa-
tion of  CBL with the UbD framework (Chumak 
et al., 2022; Rizal et al., 2022). This difference 
also emphasizes the importance of  CBL with the 
UbD framework in developing students’ creative 
thinking skills and supporting their application in 
other learning contexts. With CBL and the UbD 
framework, students gain and apply new experi-
ences in everyday life. 

Meanwhile, the Pearson correlation coeffi-
cient shows that fluency strongly correlates with 
flexibility and originality. This result supports 
the theory that individuals more fluent in thin-
king tend to be more flexible in creating vario-
us solutions and producing more original ideas 
(Astawan et al., 2023). Elaboration had a slightly 
lower correlation with other indicators, especially 

with fluency, which could indicate that the abili-
ty to elaborate ideas does not depend entirely on 
fluency of  thinking or flexibility (Wikara et al., 
2022). These data show a significant and strong 
relationship between fluency, flexibility, origina-
lity, and elaboration. The most substantial rela-
tionship between flexibility and originality sup-
ports creative thinking skills. Flexibility is crucial 
for generating new and unique ideas (Apriwanda 
& Hanri, 2022). Several studies also show a re-
lationship between fluency, flexibility, originality, 
and elaboration (José & Garrido, 2024; Koutstaal 
et al., 2024). 

The results of  observations and inter-
views show that students are involved in under-
standing and feeling the experiences of  others 
in the context of  learning (Wiggins & McTighe, 
2011). These results support findings suggesting 
that CBL enhances students’ understanding of  
different perspectives (Cheng et al., 2024). Inter-
views revealed that students better understood 
aspects of  their creative thinking skills thanks to 
CBL with the UbD framework. Self-awareness in 
UbD includes reflection on individual skills and 
shortcomings in the context of  learning (Ozyurt 
et al., 2023). Self-reflection driven by CBL with 
the UbD framework helps students evaluate and 
improve their creative skills. In addition, self-ref-
lection also shows students thinking and acting 
in solving problems during the learning process.

Several studies show CBL as an alternative 
learning model that engages students by integra-
ting theory into everyday life (Sood et al., 2021; 
Arab & Saeedi, 2024). CBL uses daily cases to 
help students improve problem-solving and de-
cision-making (Chao et al., 2024). The success 
of  CBL is generally considered to be a result of  
contextualizing theoretical concepts in a lear-
ning environment that engages students (Herreid 
& Schiller, 2013; Emblen-Perry, 2022). Contex-
tualizing abstract concepts in the ideal gas law 
through implementing CBL with the UbD frame-
work in classroom learning activities enables stu-
dents to develop more creative problem-solving 
skills and connect theoretical concepts with real-
life scenarios more effectively.

Case-based learning with the UbD fra-
mework can generally improve creative thinking 
skills, but some students have not shown signi-
ficant development (Gube & Lajoie, 2020). Stu-
dents’ less-than-optimal creative thinking skills 
are caused by their difficulty in learning the ideal 
gas law due to implementing CBL with the UbD 
framework, which is influenced by several fac-
tors. Previous research shows that it is important 
to analyze learning using other theories to ensure 
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the proper perspective and cover various catego-
ries (Seymour et al., 2023). Each individual re-
quires attention, especially to factors that hinder 
learning goals, especially creative thinking skills, 
such as involvement in group discussions, moti-
vation to learn, or academic background (Wis-
niewski et al., 2020). Other unmeasured variables 
may influence the research findings, such as the 
CBL learning process with the UbD framework, 
students’ prior knowledge or training, or students’ 
level of  motivation (Chao et al., 2024). 

With the integration of  case-based lear-
ning and the Understanding by Design (UbD) 
framework, this research contributes to develo-
ping learning models in physics, especially in the 
concept of  ideal gas law. Learning methods with 
this approach can improve students’ creative thin-
king skills on the indicators of  fluency, flexibility, 
originality, and elaboration needed in the era of  
globalization (Rahayu et al., 2022). Case-based 
learning shows that students can relate theory to 
everyday life (Zhao et al., 2020), especially when 
applying the ideal gas law to everyday problems. 
In previous research, UbD was often used in the 
humanities, such as literature, art, and behavior 
(Scale & Bilgileri, 2024), so this research opens 
up new opportunities for the flexibility of  this 
framework in various disciplines, including phy-
sics. In addition, this research can be a model for 
further research by applying it to other physics 
concepts.

This study has limitations, including its 
limited scope and generalizability to other sub-
jects or student populations. It focuses solely on 
Case-Based Learning (CBL) and creative thin-
king skills within the Ideal Gas Law, making the 
findings less applicable. The absence of  pre-test 
data prevents measuring learning improvement, 
and the effectiveness of  CBL and the Under-
standing by Design (UbD) framework may vary 
depending on the instructor’s facilitation skills. 
Assessing creativity involves subjectivity, even 
with standardized rubrics, which may introduce 
rater bias. Time constraints and cognitive load 
could have influenced student responses, priori-
tizing originality over elaboration. Potential bia-
ses include selection bias, confirmation bias, and 
response bias. The instructor’s enthusiasm for 
CBL might influence student engagement, affec-
ting outcomes. Future studies should use diverse 
samples, pretest-posttest designs, double-blind 
scoring, and anonymous feedback to enhance va-
lidity and reliability.

CONCLUSION

Implementing case-based learning (CBL) with 
the Understanding by Design (UbD) framework 
to improve creative thinking skills on the ideal gas 
law showed positive results. This study revealed that 
CBL with the UbD framework effectively improves 
students’ creative thinking skills, such as fluency in 
explanation, flexibility in interpretation and perspec-
tive, and originality in application. However, some 
students still face challenges linking the ideal gas law 
to cases, so they need additional guidance. Group 
discussions and lecturer guidance have proven to help 
solve problems. However, a more in-depth and struc-
tured approach is still needed to ensure all students 
can maximize CBL with the UbD framework. Attri-
buting the gains in creative thinking to the UbD 
approach necessitates a comprehensive under-
standing of  the learner’s background and motiva-
tions. Future studies must meticulously adjust for 
these variables to draw more robust conclusions 
regarding the UbD framework’s efficacy in foste-
ring creative problem-solving within the context 
of  science education. By adopting more metho-
dologically sound research designs, we may bet-
ter understand the role of  instructional practices 
in enhancing student creativity. This study contri-
butes to physics education as an alternative student-
centered learning and allows educators to explore 
similar approaches in other fields. This study also 
impacts improving the quality of learning in higher 
education and students’ 21st-century skills in the era 
of globalization.
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