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ABSTRACT

Scientific creativity is a critical component of 21st-century skills, especially in science education. This study
aims to develop a scoring rubric that enables chemistry educators to assess students’ scientific creativity
effectively. The development process adopted Tessmer’s model, consisting of three phases: Preliminary Phase,
Self-Evaluation Phase, and Prototyping Phase. To determine the rubric’s validity, expert judgment was
conducted and analyzed using the Content Validity Index (CVI). The findings showed that the rubric achieved
an item-level CVI (I-CVI) of 1.00, indicating excellent content validity. Feedback from the experts was also
incorporated to improve the structure, clarity, and applicability of the rubric. The resulting scoring method
provides a practical tool to evaluate key aspects of scientific creativity, such as creative traits, product and
process within the context of chemistry learning. This study contributes to the advancement of assessment
practices by offering a reliable and valid instrument tailored for creative performance in science. The rubric can
support educators in identifying and fostering students' creative potential, ultimately enhancing the quality of
chemistry instruction.
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INTRODUCTION

Creativity in science is defined as scientific creativity [1]. Scientific creativity is an overview of an individual's
thinking ability to generate several original ideas and hypotheses from various domains in order to solve problem
[2]-[3]. Creative potential in science is complicated, as evidenced by the presence of three dimensions of
scientific creativity: products, traits, and process [4]. When students are scientifically creative, the ideas they
generate are based on science and lead to more applicable solutions [5]-[6].

Unlike general creativity, which may involve more open-ended problem-solving, scientific creativity has a
distinct focus and application. For instance, when a teacher provides students with materials such as batteries,
wires, and light bulbs and asks them to light the bulb to two classes. In Class A, students are asked to make a
model of a house and investigate how illumination (with light coming from the sun) within the house can
increase. While students in Class B are asked to investigate and then come up with an explanation, how
substances like sugar and salt, affect the evaporation rate of the water in a container. The students in Class A
require general creativity in order for students to try possible factors that might affect the illumination in the
house (such as the position of windows, the color of curtains, the arrangement of furniture). Meanwhile, students
from Class B might be asked to investigate how substances like sugar or salt affect the evaporation rate of water.
Here, students must apply their understanding of molecular interactions and hypothesize why adding these
substances slows the evaporation process. In this case, with similar materials, the product will be different. In
conclusion, scientific creativity requires students to engage deeply with scientific concepts and use imaginative
thinking grounded in science to explain [7].

In chemistry education, the studies that reported students’ scientific creativity level is relatively small.
Unfortunately, those studies also found students’ scientific creativity remains low. For example, students in
Kenya show a low level of scientific creativity in chemistry class [8] — [9]. A similar conclusion was reported in
Malaysia, where students in chemistry demonstrated a low level of scientific creativity [5], [10].

Page 480

www.rsisinternational.org


http://www.rsisinternational.org/
https://dx.doi.org/10.47772/IJRISS.2025.90700038

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE(1JRISS)
ISSN No. 2454-6186 | DOL: 10.47772/1JRISS | Volume IX Issue VII July 2025

% RsIs ©

Previous researchers have applied various approaches to measure the level of scientific creativity, [10] tested
fluency, flexibility, originality, and elaboration; [8] assessed sensitivity, recognition, and flexibility; while [5]
evaluated fluency, flexibility, and originality. [9] added sensitivity to the problem, flexibility, recognition of
relationships and planning for investigation. Overall findings from previous studies show that flexibility is the
most measured. Those highlight challenges in students' flexibility, a critical aspect of scientific creativity. [§]
found that students' flexibility remains poor, similar to their ability to recognize relationships. [9] reported mixed
findings, with some students exhibiting better flexibility than planning investigative tasks, yet others struggled
to generate diverse responses when required. Similarly, [10] observed that students' flexibility was weak, along
with their fluency and originality. [5] also identified flexibility as the most problematic trait for students,
followed by fluency, though students performed slightly better in originality. Thus, these findings underscore
that students’ ability to produce diverse and new ideas is inadequate.

Furthermore, despite the attention to creativity traits, no studies have specifically addressed the creative process,
leaving a critical gap in understanding how students develop and refine their creativity in scientific contexts. The
creative process is significant in scientific creativity because it involves thinking and imagination, both of which
are necessary in generating diverse solutions as well as fresh and original ideas [4], it means that exploring
individuals' creative processes provides a deeper understanding of the phases involved in the way of producing
ideas.

In addition, the measurement of scientific creativity is limited in terms of how students express creative ideas in
chemical representations. In fact, chemical representations are important for understanding chemical concepts
and solving problems creatively. In chemistry learning, macroscopic, sub-microscopic, and symbolic
representations are crucial [11], and the use of various forms of representation strengthens concept formation
[12]. As a result, while research has focused on the ideas generated, it is equally important to explore creative
process and examine chemical representation ideas generated by students.

Objective of Study

This study aims to design and develop a valid rubric of scoring for scientific creativity test in chemistry education.
LITERATURE REVIEW

Scientific Creativity

Creativity is generally understood as the ability to produce new ideas or products, as well as to combine existing
concepts or objects in novel ways for a specific purpose [13]. However, creativity is not a universal skill that
manifests equally across all domains. Individuals who demonstrate creativity in one area, such as the arts, may
not necessarily exhibit the same level of creativity in another area, such as science [14]. This perspective
highlights the distinction between general creativity and domain-specific creativity. Therefore, scientific
creativity is defined by experts based on various perspectives. Scientific creativity is the ability to solve problems
by generating ideas and hypotheses, through experimentation, discovery, and problem-solving activities [3].
Then, [15] defined it as individual's ability to generate several original ideas from various domains in order to
solve scientific problem. Based on the above definition, it can be concluded that scientific creativity is a thinking
ability that involves the creative process of generating new ideas to solve scientific problems, formulate
knowledge, and develop innovative experiments. This ability includes the skills to formulate hypotheses, make
discoveries, and carry out in-depth problem-solving activities from various fields of science. Overall, scientific
creativity helps individuals in finding solutions, designing experiments, and imagining new ways of
understanding and solving scientific problems. In the field of chemistry, scientific creativity impacts on students'
sensitivity to chemical problems, scientific observations and scientific concepts so that there is flexibility in
thinking when solving problems in chemistry [8]. In this case, it is clear that knowledge for domain specialization
and domain expertise plays an important role. To put it another way, people must build new ideas on top of
subject knowledge such as chemistry. Based on the definitions, it indicates that the criteria for scientific creativity
in chemistry are different. Thus, scientific creativity in this study defined as the ability of students producing
ideas related to chemistry domain, where the students were not only measured in terms of quantity of ideas, but
also quality of ideas.
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Scientific Structure Creativity Model

Scientific Structure Creativity Model (SSCM) was developed by [4], it is a test for secondary school students
and established and proposed it as dimension. SSCM included of three dimensions namely process, trait, and
product as shown in Figure 1.

technical product Product

science knowledge
science phenomena
science problem

fluency

flexibility Trait

originality

thinking

= Process
imagination

Fig. 1 Scientific Structure Creativity Model (SSCM)
Source: Hu & Adey (2002)

In creative product, there are 4 components such as technical product, science knowledge, science phenomena,
and science problem. Science problems are problems that require scientific knowledge to solve. By presenting
scientific problems to students, it is likely that they can come up with creative scientific solutions. Scientific
phenomena refer to natural physical events or occurrences that can be scientifically explained. In the concepts
of science, the everyday activities are related to the scientific phenomena that individual experience in their
world. Scientific knowledge refers to knowledge in science-based fields such as Physics, Biology, Chemistry,
Geology, Engineering, and many more. Technical product refers to science-based engineering technologies to
perform certain tasks and are subject to innovation. According to [4], technical product must be product with a
purpose to come to fruition in the result of creative thinking in science, to expose scientific knowledge, overcome
a scientific problem and must be designed to be related to scientific phenomena.

Furthermore, creative process includes of imagination. In this dimension, thinking is good thing to find great
solution which is free and can offer various and different solution. [4] stated that creative thinking often emerges
with divergent thinking. Next part of process is imagination, in which strong imagination is the best way to be
creative individual and it produces new and original product which it is also play important role in creativity.

Next dimension is creative trait includes flexibility, fluency, and originality. Those determine how creative of
individual and the ability of individual’s creative thinking. Creative people will solve their problem, and they
know when they must to make decisions which express though through either writing or verbally. Through their
creativity, students demonstrate their fluency, flexibility, and originality while demonstrating their
understanding of scientific phenomena and demonstrate scientific knowledge.
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Scientific Creativity in Chemistry Education

The following Table 1 is about list of previous studies of scientific creativity in chemistry education, especially

using SSCM model.

Table 1. Chemistry topic in scientific creativity (previous studies):

Dimensions of Scientific Structure Creativity Model

Previous Studies Creative Trait Creative Creative Product
Process

Fluency | Flexibility | Originality | T |1 SPr | TP | SPh | SK
Omar et al. (2017) \ \ V
Alkan & Altundag (2018) \ v |/
Jamal et al. (2020) \ v \ / \
Ramly et al. (2022) \ \ V N/ \ \
Eroglu & Bektas (2022) | \ v
Eroglu & Bektas (2022) \/ \ V

Note: T= Thinking; I= Imagination; SPr= Science Problem; TP = Technical Product; SPh = Science Phenomena;
SK= Science Knowledge

Table 1 shows that in chemistry education, the majority of previous studies focused on creative traits (fluency,
flexibility, and originality). For creative products, the previous researchers studied technical product and science
knowledge mostly. Then, it was limited to measure creative process. The following Table 2 shows the previous
studies for creative traits scoring.

Table 2. Creative Traits - Fluency, Flexibility, Originality (Scoring Criteria) From Previous Studies:

Previous Studies

Fluency

Flexibility

Originality

Omar et al. (2017)

Each question has
specific scoring.

0 point = No idea.

1 point = 1 —4 ideas.
/1 —6 ideas / 1 -3
ideas.

2 points =5 — 8 ideas
/ 7-12 ideas / 4 — 6
ideas.

3 points => 9 ideas /
> 13 ideas /> 7 ideas.

0 point = All the ideas
in same category.

1 point = 2 categories of
idea.

2 points = 3-5
categories of idea.

3 points => 6 categories
of idea.

o 0 point = Idea stated > 50% as
compared to overall sample.

J 1 point = One or more idea is
20%-49% from the overall sample.

o 2 points = One or more idea is
< 19% from the overall sample.

. 3 points = One or more idea is
< 10% from the overall sample.

Alkan & Altundag | N/A N/A o 0 point = Other -correct

(2018) answers.
. 1 point = The students whose
answers between 5% and 10% of all
correct answers.
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o 2 points = The students who
enter the first 5% of all correct answers.

Jamal et al. (2020) | 0 point =|e 0 point =|e 0 point = Student do not
Students cannot | Students are not able to | answer/ general ideas / common ideas
provide provide ideas/methods. | and no originality.
ideas/answers. . 2 points =|e 2 points = Students come up
o 2 points = | Students can come up | with moderate unique ideas.

Stude.rgls cant cc;me y:;lth/ otrllled to  two | . 4 points = Students come up
u({) W/l one 1o two | 1deas/methods. with very unique ideas.
ideas/answers. . 4 points =

. 4 points = | Students can come up

Students can come | with three or more

up with three or more | ideas/methods.

ideas/answers.

Ramly et al. |1 point = for each |1 point = for each | e 0 point = The idea is incorrect.

(2022) idea. category of idea. . 1 point = The idea is common
(Max score is 5) (Max score is 5) and correct.

o 2 points = The idea is unique
and correct.

Eroglu & Bektas
(2022a)

1 point = for each
idea (codes).

1 point = for each
category in which their
answers (codes).

0 point = Answers with a repetition
frequency of more than 10%.

1 point = Answers with a repetition
frequency of 5-10%.

2 points = Answers with a repetition
frequency of less than 5%.

Eroglu & Bektas
(2022b)

1 point = for each
idea (codes).

Each question has
specific scoring.
1 point = for each

category in which their
answers (codes).

3 points of tool, 3
points of principles, and
3 points of the way of
followed.

3 points for each

function.

Each question has specific scoring.

0 point = Answers with a repetition
frequency of more than 10%.

1 point = Answers with a repetition
frequency of 5-10% / answers with a
repetition frequency of more than 10%.

2 points = Answers with a repetition
frequency of less than 5% / answers
with a repetition frequency of 5-10%.

3 points = Answers with a repetition
frequency of less than 5%.

4 points = Answers with a repetition
frequency of less than 5%.

Points between 1 and 5 depending on
the content of drawings.

Based on Table 2, either fluency, flexibility, or originality were measured differently. In terms of fluency, [5]
used a range of points that varied depending on the questions asked. The varying scoring criteria indicate the
complexity of the assessment, making it too complicated for situations that require rapid assessment. Then, [10]
applied more structured scoring criteria because each question has the same maximum score. However, this
assessment method equates students who have 1 with 2 ideas with the same level of fluency. The assessment
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should be made more detailed for each idea put forward so that it is more appreciated as done by [19]-[21],
where each idea gets one point. In this study, to determine the fluency of students, sensitivity and flexibility to
the number of ideas submitted by students become important points so that every idea submitted by students is
considered because that is the result of their thinking. Therefore, the combination of scoring criteria from [10]
and [19]-[20] was used in this study to measure the fluency of students.

Considering that chemistry is not a discipline with a scope as broad as art and the depth of chemistry material at
the high school level limits the diversity of ideas that students can generate, this study sets a maximum score of
4. The range of scores from 0 to 4 is considered sufficient to distinguish the level of student ability, from those
who did not answer to those who were able to produce the most creative ideas. Thus, to determine fluency of
students, 0 point is given for students who do not answer the question/no ideas produced, 1 point for one idea
produced, 2 points for two ideas produced, 3 points for three ideas produced, and 4 points for more than three
ideas produced

Furthermore, similar to fluency, flexibility is measured by giving points based on the number of idea categories
produced. Each idea will be given points, but it needs to consider the relevance or accuracy of the chemical
concepts included. Of the various scoring criteria used by previous researchers, none specifically emphasize the
quality of ideas or ensure that each idea category contains the correct chemical concept. Therefore, the scoring
criteria of flexibility of students in this study is to give score of 0 for students who do not answer / the wrong
idea, score of 1 for one idea category, score of 2 for two idea categories, score of 3 for three idea categories, and
score of 4 for more than three idea categories.

The last is originality, based on the scoring criteria that have been applied by previous studies, scoring from
[10],[21]. does not specify the definition of common, moderate unique and very unique ideas so that this
assessment seems more subjective. Furthermore, [22] assessed the originality of the truth of chemical concepts
without involving the novelty of the ideas. [20] have very detailed scoring criteria, although the assessment is
directed at the originality of students' ideas, it is difficult to use in large class conditions. The scoring criteria of
[20] and [5] provide clear details for measuring originality. Given that the originality of ideas plays an important
role, [19]’s study is stricter in measuring originality because only repetition of ideas with a frequency of less
than 5% gets the highest points. However, the maximum points in the study by [19] were only 2. Therefore, the
maximum score was equalized to 4 to ensure that fluency, flexibility, and originality were assessed in a balanced
manner and to minimize bias. Then, the aspect of the correctness of ideas is also needed, so this study adapts to
[5], [10], [19] and adds the aspect of the accuracy of the responses given so that the criteria of originality are
obtained: 0 point for student do not answer/ incorrect ideas; 1 point if the probability of correct response is more
than 10%; 2 points if the probability of correct response is from 5 to 10%, 3 points if the probability of correct
response is smaller than 5%, and 4 points if the ideas produced are very unique (the ideas produced are only one
student).

Most researchers used indicators of fluency, flexibility, and originality to describe how well someone can think
divergently. However, it is also important to know how the divergent thinking process works so that someone
can generate ideas. Based on Table 2, none studies divergent thinking in detail. In fact, divergent thinking is a
key component for scientific creativity. The divergent thinking process consists of association, decomposition,
and combination with adjustment [23]. Association is the ability to connect concepts, objects, or situations to
generate original ideas. The initial thought may be relatively general, but subsequent ideas resulting from
associations tend to be more original. By developing the habit of making unexpected correlations or finding new
connections from seemingly irrelevant relationships, creative thinking can be enhanced. After the association
process, decomposition is the second process by which a concept, object, or situation can be made into a whole
with rich information by, among other things, deconstructing it into its component elements or identifying its
characteristics. Rich details can offer stimuli that enable a wider range of cognitive associations. The last is
combination with adjustment. This process allows for the combining of two or more related elements into a
single new element. In order to come up with new ideas, it is also possible to modify one or more of the
components or attributes that originate from a concept, object, or situation.

This study combines scientific imagination and divergent thinking into one creative process. This is because
there are similarities in the core elements between the scientific imagination [24] and divergent thinking [23],
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especially in the aspects of association and decomposition. In divergent thinking, association plays an important
role when someone connects various ideas or concepts that seem unrelated. This process is in line with the
dynamic adjustment stage in scientific imagination, which is to link ideas that emerge, expand, and modify to
create new solutions. Thus, dynamic adjustment continues the role of association by identifying relationships
between ideas and refining them. In addition, the purpose of decomposition in divergent thinking is to break
down concepts or situations into more detailed parts to open up new perspectives. The purpose of decomposition
in divergent thinking is the same as elaboration in dynamic adjustment where the ideas that have been generated
are rearranged, modified, and given new meaning. Therefore, association and decomposition in divergent
thinking are combined in dynamic adjustment as shown in Figure 2.

A

( Divergent Thinking \
Association Decomposition Curxg}ﬁzmn\:“h
A . : Virtual
Initiation Dynamic Adjustment Implementation
\ Scientific Imagination }

Y
¥

CREATIVE PROCESS

Dynamic Combination Virtual

Adjustment with Adjustment Implementation

Fig. 2 Combination of Divergent Thinking & Scientific Imagination into Creative Process
Source: Elaborated by the authors

The creative process begins with initiation, namely students identify problems and begin to explore ideas;
dynamic adjustment, namely connecting ideas as many as possible; combination with adjustment, where
different ideas are combined and adjusted to create new ideas; to virtual implementation, where these ideas are
organized and realized in the form of prototypes or real solutions. Thus, the creative process resulting from this
combination becomes a complete and structured process, which encourages scientific creativity from the
beginning to the implementation of ideas.

RESEARCH METHODOLOGY
Research Procedure

The research employed a Research and Development (R&D) methodology utilizing Tessmer’s Development
Design, which was adapted from [16]-[17]. Tessmer’s model comprises three key phases namely: Preliminary
Phase, Self-Evaluation Phase, and Prototyping Phase implemented an iterative cycle of validation, evaluation,
and revision. The study was conducted over a period of three months, with the research procedure illustrated in
Figure 3.
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Preliminary Phase

Self-Evaluation Phase

Prototyping Phase
(Validation, Evaluation, and Revision)

Validation Rttt
(Expert Judgment)

"”’ Revision {
Is instrument g
Final Prototype ves[ aliakie? J Field test

Fig. 3 Research Procedure

Prototype I Prototype 11

Source: Elaborated by the authors
Preliminary Phase

In the preliminary phase, a systematic review was conducted to examine the need for scientific creativity in
chemistry education, particularly how previous research has assessed it. This review aimed to identify the
indicators and assessment methods used in prior studies, providing a foundation for developing an appropriate
instrument.

Self-Evaluation Phase
The first designed instrument will be called as prototype 1.
Prototyping (Validation, Evaluation and Revision)

The Prototype 1 will be further reviewed and validated by experts (validation process (expert review)). In
validation process, the experts will give comments to improve, and score based on instructions provided in
validation form. Furthermore, the instrument will be revised based on comments given and it will obtain
Prototype 2. In field test, Prototype 2 will be testing reliability of instrument by giving to students. If the
instrument is not reliable, the researcher needs to revise. The instrument is considered as final prototype once it
has been valid and reliable.

Validators Criteria

The validators in this study consisted of five experts carefully selected based on specific criteria to ensure the
credibility and reliability of their assessments. These criteria included having an academic background in
chemistry education or science education, demonstrating research interest and experience in scientific creativity
as evidenced by their publications, and possessing over 10 years of teaching experience. The five experts played
a crucial role in evaluating the rubric of scoring developed in this study, which underwent a rigorous assessment
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process through expert judgment. Their extensive experience in chemistry education research related to creativity
equipped them to critically evaluate the instrument's quality and relevance. They identified potential weaknesses,
such as questions that were overly technical, lacked a focus on creativity, were insufficiently challenging, or were
irrelevant to the chemical context. Their expertise also ensured that the rubric of scoring accurately measured
students’ creativity in relation to chemistry concepts and phenomena. Furthermore, the experts provided detailed
feedback and constructive suggestions for improvement, contributing to the refinement of the instrument. This
systematic process, supported by insights from all five experts, ensured that the final test was valid, reliable, and
appropriately designed for measuring scientific creativity within the context of chemistry.

Data Analysis

The Content Validity Index (CVI) was utilized to validate the scoring rubric for assessing students' scientific
creativity. As stated by [18], for five validators, each item must achieve a minimum Item-Level CVI (I-CVI) of
0.80 to be considered relevant. Additionally, the Scale-Level CVI (S-CVI/Ave) should be at least 0.90 to ensure
strong overall content validity, while an S-CVI/UA (Universal Agreement) of 0.80 is deemed acceptable,
indicating a high level of expert consensus. Experts assessed each item’s clarity and relevance using a four-point
Likert scale, and items that did not meet the 0.80 I-CVI threshold were revised or eliminated based on their
feedback. Therefore, to ensure a valid instrument, the S-CVI must meet a minimum value of 0.80.

RESULTS & DISCUSSION

The following Table 3 is rubric of scoring for creative traits developed. It is followed by Table 4 for creative
product.

Table 3. Creative Traits — Rubric of Scoring:

Scientific Sub- Indicator Score
Creativity Dimension
Dimension
Trait Fluency Student cannot provide ideas. 0
Student can come up with one idea/answer. 1
Student can come up with two ideas/answers. 2
Student can come up with three ideas/answers. 3
Student can come up with more than three ideas/answers. 4
Flexibility | No ideas / Students are not able to provide correct ideas/methods. 0
Students can come up with one correct category of idea/method 1
Students can come up with two correct categories of ideas/methods. 2
Students can come up with three correct categories ideas/methods. 3
Students can come up with more than three correct categories of ideas. | 4
Originality | Student do not answer/ideas are wrong/incomplete answer. 0

If the ideas produced are general/common ideas/no originality (ideas | 1
produced by students are more than 10% of similar to each other).

If the ideas produced by students are 5 to 10% of similar to each other. | 2

If the ideas produced are smaller than 5% of similar to each other. 3

If the ideas produced are very unique (the ideas produced are only one | 4
student).
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Table 4. Creative Product -Rubric of Scoring

Scientific Sub- Indicator Score

Creativity Dimension

Dimension

Creative Product | Chemical No Understanding 0
Knowledge | ynanswered/ Misunderstanding/Misconception.

Low understanding 1

Answers are correct and contain one chemical representation.

Moderate understanding 2
Answers are correct and contain two chemical representations.
High Understanding 3

Answers are correct and contains all chemical representations.

In term of creative process, this study only used one question namely: How could you solve the questions
presented in the test? This is because by using one question, students could be asked to describe their stages,
from understanding the problem to finding a solution where this indirectly covers all processes of creative
process. In addition, the flexibility of answers can be achieved in which one open question will give students
space and freedom to describe how they explore various ideas and approaches in solving problems, including
creative solutions.

To analyse the qualitative data, this study used thematic analysis by [25]. Thematic analysis technique has been
used by previous researchers to understand the process (though process and cognitive process) [26]-[27].
Thematic analysis was used to analyse data from Think Aloud Protocol and Interview Protocol because both
produce qualitative data. In Think Aloud Protocol, thematic analysis helps identify themes in the creative process
of students. While in Interview Protocol, this analysis was used to find the main themes in the participants'
responses that describe scientific creativity process after using the module. Both types of protocols can provide
in-depth insights through the identification of recurring codes and themes, making thematic analysis very
suitable for analyzing qualitative data. Thematic analysis consists of 5 phases namely: Phasel: Familiarizing
Yourself with the Data, Phase 2: Generating Initial Codes, Phase 3: Searching for Themes, Phase 4: Reviewing
Potential Themes, Phase 5: Defining and Naming Themes, and Phase 6: Producing the Report. The following is
example of how thematic analysis was conducted.

Phasel | Famillaricing ¥Vourself with the Dats
n thea phasc, the teacher could b 1he guastion with “Thew do you develog sbazs be be abiz
wilve 07

Phase 2: Genersting lnitisl Cades
Weapames Codes

RI2: The first thag 2 do v read the queation | Keasing the poblen

K16 | first End oct what the main peoblers is | Findizg the main problem by reating
by 1eadig

K36 1 ook Sor several poivie thet hove been | Lockmyg e several peats i peoblem

expluieed (0 the probless explained

Phase 3: Scarching lor Themes

Jeading the pedien
Idontifying th

| Lisoking foe severnt pokits is peoblens €4

-
I
=

Phase 4: Reviewing Posessial Themes
Sab-Themes Themes

Keating tha prodiem el axplamation of peabiem

Mertifyng the main prodlen by readmg
| Highlightirg ihe probicmn
I s phase, 1he o, s hereen, ared darmies cmined ware rov lewed By €xpart 1o stmans thae
potonisd hornes ware spproprisie

Phase $: Defialng sod Nsmiing Themes
Assantio, een & Clarke (20175 e 8w 408 rvwne Bae Bremes, the themes should eally
bave a siegaler focn overlap, and deoctly address e rosenrch quastion. Than, the cormmments
from expert were ssefel 20 obtain sppropcias theme

Phase 6: Prodecmy the Neport

The cockn, seb-femen, and tharces obtained 1n S sdy wore reperted In form of table w2
(rBer was repesieonnd iok Tames el y

_‘lvnduﬂ- Respusses Codes “ Sub Themes | Theine

Fig. 4 Thematic Analysis for Creative Process

Source: Elaborated by the authors
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The prototype 1 was reviewed and validated by experts in term of construct, content and language aspect. It is
further continued by revision process and reliability test. Rubric of scoring is used to analyze students’ answers
on chemistry scientific creativity test. It was developed together with the test and validated based on content,
construct and criterion adapted from [28]. Therefore, the following Table 5 reveals the validation result for rubric
of scoring.

Table 5. Validation Results:

Aspects Items I-CVI1

Content Evaluation criteria address relevant content. 1.00

Evaluation criteria of the scoring rubric address all aspects of scientific creativity. | 1.00

The rubric of scoring address content appropriately. 1.00
Construct Scoring criteria consists of all important facets of construct evaluated. 1.00
The evaluation criteria are relevant to the construct evaluated. 1.00
Criterion Scoring criteria reflect competencies that related performances (scientific | 1.00
creativity).

Rubric of scoring in accordance with the use of the assessment instrument related | 1.00
performance that will be evaluated.

Scoring criteria measure the important components of scientific creativity. 1.00
Scoring criteria reflects whole objectives in the research. 1.00
S-CVI=1.00

Based on Table 5, S-CVI for rubric of scoring is 1.00, meaning that the validators agreed the rubric of scoring
was valid in term of content, construct and criterion. In term of content, each item obtained I-CVI of 1.00,
meaning that evaluation criteria address the relevant content, the scoring rubric address all aspects of scientific
creativity, and the rubric of scoring address the content appropriately. Moreover, the validation result also shows
that scoring criteria consist of all important facets or construct evaluated and the evaluation criteria are relevant
to the construct evaluated. The result indicates that the rubric of scoring is also valid in term of construct with I-
CVI for each item is 1.00. Lastly, the validation results show that the rubric of scoring is also valid in term of
criterion with I-CVI of 1.00. It means that the experts agreed that scoring criteria reflect competencies that related
to scientific creativity, and the rubric of scoring in accordance with the use of the assessment instrument related
to performance that will be evaluated. In addition, the scoring criteria was believed to be able to measure the
important components of scientific creativity and reflect to whole objectives in the research. Even though the
experts agreed that the rubric of scoring has been valid in term of [-CVI value obtained, there were comments
given by the experts to improvements as showed in Table 6.

Table 6. Validation-Informed Comments:

No | Comments

1 A score of 0 on the assessment rubric should be avoided for indicators where students answer incorrectly
(because, even if they are wrong, students have answered the question according to their abilities,
especially for fluency in creative traits). For originality, a score of 0 is permissible if there is no answer.

2 Scoring between creative traits and creativity products usually uses a Likert scale, namely Likert scale of
1,2,3,40r1,2,3,4,5.

3 Make sure that on the partial understanding and understanding indicators, the answers do not only cover
various macro, sub-micro, and symbolic aspects, but also must have the correct concept.

4 In the think aloud protocol, the number column is removed because all questions are the same for each
question
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Based on comments in Table 6, in term of creative trait, the validator suggested to score of 0 was only for students
who could not give any ideas. The students who answered the question incorrectly should be given score of 1
because the incorrect ideas indicate their abilities. However, for flexibility and originality, score of 0 was
acceptable. Furthermore, the score criteria should be in line with Likert scale, which is 1, 2, 3, and 4 instead of
0, 2, and 4. In addition, in term of creative product (chemical knowledge), answers should not only address
chemical representation aspects but also contain the correct concept. Lastly, in term of creative process, it should
be one question to be asked with the aim of giving the flexibility of students to express the ideas. The responses
from the students were analyzed using thematic analysis and further suited to creative process.

CONCLUSION

A rubric to assess scientific creativity in the context of chemistry learning was developed in this study. The
rubric demonstrated excellent content validity, as evidenced by an item-level Content Validity Index (I-CVI) of
1.00. Revisions based on expert feedback further enhanced the rubric’s structure, clarity, and practical
applicability. The resulting scoring tool provides a systematic approach to evaluate students’ creative traits,
products, and processes, aligning with the multidimensional nature of scientific creativity. By offering a valid
and reliable assessment instrument, this study contributes to the improvement of creativity-focused evaluation
practices in science education. The rubric has the potential to assist educators in recognizing and nurturing
students’ creative potential, thereby promoting more engaging and innovative chemistry instruction.

RECOMMENDATIONS

Given the excellent content validity achieved, it is recommended that the developed scientific creativity scoring
rubric be applied in senior high school chemistry classrooms, especially when evaluating students’ responses to
open-ended or inquiry-based tasks. The rubric provides a structured and multi-dimensional approach to assess
students’ scientific creativity.

Future research should expand the validation of the rubric across different chemistry topics and student
populations with higher level of education. In addition, longitudinal studies could examine how the use of this
rubric impact to students’ scientific creativity over time.
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