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students' creative thinking skills. The data were analyzed
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1. INTRODUCTION

Indonesian students' creative thinking in problem-solving still shows a relatively low level
(Hidajat, 2023). This is reflected in the tendency of students to use rigid approaches and
stick to conventional methods when faced with various challenges (Norris et al., 2023).
Many students struggle to develop innovative solutions or look at problems differently. The
ability to think outside the box and come up with original ideas still needs to be improved
(Avcr & Yildiz Durak, 2023; Van Hooijdonk et al., 2024).

Several factors such as an education system that emphasizes memorization over
conceptual understanding, a lack of encouragement to explore alternative solutions, and a
lack of opportunities for students to solve complex and open-ended problems, contribute to
this low level of creative thinking (Willemsen et al.,, 2023). As a result, many Indonesian
students are poorly prepared to face real-world challenges that often require creative and
innovative solutions (Affandy et al., 2024; Hidayat et al., 2024; Nufus et al., 2024).

Creativity has emerged as a critical area of focus for nations worldwide, recognizing its
role as a driving force for innovation and economic competitiveness in the 21st century. In
response, many countries are actively reforming their education systems and cultivating
work environments that prioritize the development of creative thinking and foster a culture
of innovation across all sectors (Dilekci & Karatay, 2023; Yang et al., 2022).

In a rapidly changing world, the ability to think outside the box is becoming increasingly
valuable. Creative thinking encourages children to take intellectual risks, explore new
possibilities, and develop confidence in facing challenges (Rago & Gibson, 2021).

Creativity is considered vital in addressing real-world problems and is increasingly
regarded as the driving force behind societal progress (Li et al., 2024). To enable children to
adapt to unknown problems in the future, schools need to cultivate students' creative
abilities, preferably from an early age (Saleem et al.,, 2024). Creative problem solving is a
form of everyday creative ability where students use subject knowledge and creative skills
to solve everyday problems (Khalid et al., 2020; Stolz et al., 2022).

Creative thinking is essential in solving problems or generating new ideas (Hadar &
Tirosh, 2019). This process involves identifying the latest regular properties of objects and
their transformations. Creative thinking can also enhance students' learning from their
actions and experiences in new and personally meaningful ways (Cheng, 2018). In addition,
creative thinking as a cognitive skill is essential for students to understand that they have
processed the outcome of a new idea or solution (Hsia et al., 2021).

Students' creative thinking ability is strongly influenced by various factors such as the
characteristics of the tasks given, learning approaches that emphasize memorization rather
than conceptual understanding, lack of encouragement to explore various alternative
solutions, and limited opportunities for students to tackle complex and open-ended
problems (Willemsen et al., 2023).

In this context, the RADEC learning model is considered a promising solution. This model
focuses on self-directed learning in solving non-routine and unstructured problems or
questions (Setiawan et al., 2020; Sopandi, 2017b). RADEC learning encourages students to
read critically, answer challenging questions, discuss with their peers, explain their thinking,
and finally create creative solutions. This approach not only stimulates creativity, but also
develops higher-order thinking skills, analytical ability, and independence in learning
(Handayani et al., 2019; Lestari et al., 2022; Setiawan et al., 2019).

Some previous studies examined the implementation of the RADEC learning model in
improving students' thinking skills such as research on critical thinking skills (Yulianti et al.,
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2022), improving higher order thinking skills (Agustin et al., 2021), students' creative
thinking skills in learning using the RADEC model (Nurnaningsih et al., 2023), development
of students' creative thinking in mathematics learning through RADEC model (Indarwati et
al., 2023).

From some of these studies, there is no research that focuses on students' creative
thinking skills in problem solving in learning using the RADEC learning model, so this
research has an important role to fill the gap of research that has not been done. The
purpose of this study is to explore and analyze the effectiveness of the RADEC learning
model on improving students' creative thinking skills in problem solving.

2. METHODS

A quantitative approach was used in this study. The method used is the experimental
method because this research tests the impact of the applied learning (Creswell & Creswell,
2018). The type of design used in this research is Non-equivalent pretest post-test control
group design.

A total of 48 grade 5 elementary school students (aged 11th—12th) were selected as the
sample for this study and grouped into experimental and control groups. A total of 25
students were in the experimental group, while 23 students were included in the control
group. The sample in this study was taken through purposive sampling which means that
the selection of samples was not done randomly, but was chosen based on certain
considerations to facilitate this research.

This research data was collected through a test instrument in the form of case study
guestions. The indicators of students' creative thinking skills measured in this study include
originality, completeness, and practicality. A total of 4 questions regarding the case study
were given to students to test students' creative thinking skills in problem solving. This was
done to obtain an overview of students' creative thinking problem solving skills in science
learning.

Data analysis of this study was conducted through descriptive statistical tests and
inferential statistical tests using the independent sample t test with the help of SPSS version
29 for windows to see the difference in students' initial creative thinking abilities before
being given treatment with students' creative thinking problem solving abilities after getting
learning using the RADEC learning model.

3. RESULTS AND DISCUSSION
3.1. Students' Creative Thinking Ability in Science Learning

The analysis of data on students' creative thinking skills through the implementation of
the RADEC learning model in science education reveals a substantial improvement in their
performance. This finding underscores the effectiveness of the RADEC model in enhancing
students' ability to think creatively, particularly in generating innovative ideas, analyzing
problems, and proposing novel solutions. The improvement is evident in the comparison of
pretest and post-test scores, showing a marked increase in students' creative thinking
abilities after engaging in the structured RADEC learning process.

To provide a clearer understanding of the results, Table 1 presents the output of the data
analysis using descriptive statistical tests. The table illustrates key metrics such as mean
scores, standard deviations, and score distributions, offering a comprehensive view of the
overall improvement in students' creative thinking skills.
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Table 1. Students’ Creative Thinking Ability

Pretest Experiment Post-test Experiment Pretest Control Post-test Control

N Valid 25 25 23 23
Missing 25 25 23 23
Mean 49 87 48 71
Median 48 85 52 75
Mode 43 85 47 75
Std. Deviation 13.32254 5.47723 10.40200 6.97228
Variance 177.490 30.000 108.202 48.613
Minimum 27 75 27 55
Maximum 78 97 72 87
Sum 1234.00 2165.00 1121.00 1642.00

a. Multiple modes exist. The smallest value is shown

From Table 1, it is known that the pretest average score of students' creative thinking
skills in the experimental group is 49, while the post-test average score is 87. The average
difference in the experimental group is 38. While in the control group the pretest average
score is 48, while the post-test average score is 71. This shows that the increase in the
acquisition of the average score of creative thinking skills in the experimental group is
higher than the increase in the acquisition of the average score in the control group.

The following authors present the output figure of the difference in the acquisition of
students' creative thinking ability scores between the experimental group and the control
group in terms of each indicator, namely in Figure 1 as follows.
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Figure 1. Students’ Creative Thinking Abilty in Review of Each Indicator

From Figure 1, it is known that the overall creative thinking ability of students in the
experimental group and control group has increased seen from each indicator. Specifically in
the experimental group, the originality indicator experienced the highest score increase
among other indicators. While in the control group, the completeness indicator got the
highest score among other indicators.

To describe the difference between the initial ability and the final ability of students after
learning using the RADEC learning model can be seen from the results of the independent
sample t-test. The following authors present the output of data analysis results in Table 2 as
follows.
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Table 2. Results of Independent Samples Test Analysis of Creative Thinking Ability Pretest

Score
Levene's Test
for Equality of
Variances t-test for Equality of Means
95%
Mean Confidence
Differenc Std. Error Interval of the
Significance e Difference Difference
One- Two-
F Sig. t df Sided p Sided p Lower Upper
Equal variances 2.194 .145 .179 46 429 .859 .62087 3.47135 - 7.60833
assumed 6.36659
Equal variances 181 44.858 .429 .857 .62087 3.43570 - 7.54133
not assumed 6.29959

Based on the results of the independent samples t-test analysis on the pretest scores of
students' creative thinking skills presented in Table 2, a significance value (Sig. 2-Tailed) of
0.859 was obtained. This value is greater than 0.05, which indicates that there is no
significant difference in the pretest score of creative thinking ability between the
experimental group that will use the RADEC learning model and the control group that uses
the conventional learning model. In addition, the Levene test results showed a significance
value of 0.145, which is greater than 0.05. This indicates that the variance of the two groups
can be considered homogeneous. Therefore, the assumption of equality of variances was
met, and the analysis continued using the t-test results on the line “Equal variances
assumed.”

To determine the effect of the treatment given by applying the RADEC learning model,
the researcher conducted a two-tailed t-test between the experimental and control groups.
The results of the test are presented in Table 3, which shows the comparison of the average
scores before and after the application of the RADEC model in both groups.

Table 3. Results of Independent Samples Test Analysis of Post-test Score of Creative
Thinking Ability

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Significance Mean Std. Error  Difference
One- Two-Sided Differenc Differenc
F Sig. t df Sided p p e e Lower Upper

Equal variances .509 .479 8.440 46 <,001 <,001 15.20870 1.80207 11.5813218.83607

assumed
Equal variances 8.355 41.739 <,001 <,001 15.20870 1.82033 11.5344518.88295

not assumed

Based on Table 3, the results of the independent samples test analysis show that the
variances of the two groups are homogeneous (F = 0.509; p = 0.479). The t-test resulted in t
= 8.440 (df = 46) with p < 0.001, indicating a significant difference in the creative thinking
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ability post-test scores. The mean difference amounted to 15.20870 (SE = 1.80207) with a
95% confidence interval between 11.58132 to 18.83607. This finding proves that the RADEC
model has a significant impact on students' creative thinking skills.

In an effort to analyze the effectiveness of the application of the RADEC model on
students' creative thinking skills, researchers calculated the effect size as presented in Table
4. The results of this effect size analysis will provide an overview of how much influence the
RADEC model has in improving students' creative thinking skills in the experimental group
compared to the control group.

Table 4. Independent Samples Effect Sizes

95% Confidence Interval

Standardizer® Point Estimate Lower Upper

Nilai_Post-test Cohen's d 6.23712 2.438 1.677 3.184
Hedges' correction 6.34117 2.398 1.650 3.132

Glass's delta 6.97228 2.181 1.315 3.025

From Table 4. it is known that the point estimate on Cohen's d criteria is 2.438. Based on
the effect size criteria, it is included in the strong category. This shows that the RADEC
learning model has a greater effect than the conventional model applied in the control
group, which means that this study found that the RADEC learning model is more effective
in improving creative thinking problem solving skills in science learning.

In the context of this research, the RADEC learning model is considered as one of the
effective solutions to improve creative thinking problem-solving skills of grade 4 students in
science learning. The RADEC model focuses on self-directed learning, where students are
challenged to solve unusual problems or questions that require students to think from low
order thinking skills to higher order thinking skills (Handayani et al., 2019; Satria & Sopandi,
2019; Sopandi, 2017a).

This is in line with previous studies that have shown that the RADEC learning model can
effectively stimulate creativity and develop higher order thinking skills, analytical ability, and
independence in learning (Nurnaningsih et al., 2023; Setiawan et al., 2019). In addition,
several studies have examined the application of the RADEC model in improving various
student thinking skills, such as critical thinking skills (Indarwati et al., 2023; Lestari et al,,
2022; Setiawan et al., 2020), and students' creative thinking skills in learning (Nurnaningsih
etal.,, 2023; Sariaman et al., 2021).

Through the RADEC learning model, students are invited to read critically, answer
challenging questions, discuss with their peers, explain their thinking, and ultimately create
creative solutions. The learning process that encourages students to actively build their own
knowledge through the learning process will be more meaningful and can stimulate
students' creativity and develop higher order thinking skills (Nuryani et al., 2019; Pande &
Bharathi, 2020; Soare, 2015).

The RADEC learning model emphasizes engaging students in generating creative
solutions, fostering a hands-on and innovative learning experience. This process not only
strengthens cognitive abilities but also plays a crucial role in enhancing students' creative
thinking skills (Bulut Ates & Aktamis, 2024; Herlina et al., 2023; Tromp & Baer, 2022).

This study has limitations, namely the main limitation in this study is the limited sample
size. A small sample may limit the generalization of the study results to a larger population.
Therefore, the results of the study cannot accurately reflect the true variation in the student
population. Furthermore, internal factors such as motivation, emotional intelligence, and
individual needs of students may be variables that are not fully controlled.
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Based on the shortcomings and limitations of the research described above, the
implications of this research are: First, the results of this study contribute to the
development of learning theory by providing insight into the effect of the RADEC learning
model on students' creative thinking skills. The findings can be used to enrich and expand
the understanding of the mechanisms and learning processes that can improve students'
creative thinking skills. Second, the results of this study can contribute to the theory of
thinking ability by providing empirical evidence of the impact of such learning on the
development of students' creative thinking ability.

4. CONCLUSION

This study concludes that the RADEC learning model is proven to be effective in
improving the creative thinking problem-solving skills of grade 5 elementary school students
in science learning. Through the stages of the RADEC model, students are trained to read
and understand information, answer questions, discuss, explain ideas, and create creative
solutions to problems faced. This is in line with Vygotsky's learning theory of the zone of
proximal development, where social interaction and scaffolding from teachers or peers help
students reach higher levels of ability.

The implication of this research is the need to apply the RADEC learning model in science
learning in elementary schools, especially to develop students' creative problem-solving
thinking skills. Teachers can utilize this model as an effective alternative teaching strategy.
In addition, further research can be conducted to explore the effectiveness of the RADEC
model in other learning contexts or at different levels of education.
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