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ABSTRACT

This study aims to explore the scientific creativity of high school students on the static fluid in STREM PBL
with an e-authentic assessment. This study used a mixed method with an embedded experimental design. This
study involved 30 11th-grade senior high school students in Sidoarjo, Indonesia. Data collection techniques were
carried out through pretest-posttest, interview, and observation. Pretest and posttest instruments consist of three
scientific creativity essay questions with a reliability of 0.610. The results of the Wilcoxon test of p = .000, with
the posttest being higher than the pretest, indicate a significant difference between students’ scientific creativity
before and after learning. The effect size value of 0.87 indicates that STREM PBL with an e-authentic assessment
moderately affects students’ scientific creativity. All indicators of scientific creativity have increased. The order
of increasing the average scientific creativity score for each indicator is fluency (high) > elaboration (moderate) >
originality (moderate) > flexibility (moderate). Meanwhile, the order of the average level of scientific creativity at
the posttest is fluency (very creative) > elaboration (quite creative) = flexibility (quite creative) > originality (less
creative). Students’ scientific creativity increases because this learning makes students solve problems, carry out
projects (design and create a product), carry out inquiry activities (experiment and investigation), collaborate with
groups, and evaluate projects through self and peer assessment. Learning activities that can increase the level of
fluency indicators are mentioning as many ideas as possible for experimental designs and product designs. Learn-
ing activities that can increase the level of flexibility indicators are integrating religion content into STEM (it is
also better if integrating art content) and providing several problems and products from various fields. Learning
activities that increase originality indicators give each individual or group a different project topic. Learning ac-
tivities that can increase elaboration indicators are strengthening mastery of concepts and evaluating the work of
oneself and others through self-assessment and peer assessment.
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INTRODUCTION

Creativity is one of the 21st-century skills
which students need to have. The complexity of
today’s problems requires one to find creative so-
lutions (Mumford et al., 2012). The amount of
knowledge may not necessarily be able to solve
every problem and fulfill all needs. Knowledge
must be creatively processed to produce somet-
hing that can solve problems and fulfill needs

*Correspondence Address
E-mail: zahrotululairma@gmail.com

(Park et al., 2006). In addition, the innovations
carried out by many industries today require stu-
dents to develop their creativity to support their
future careers. Through creativity, students are
expected to be able to generate new ideas in sol-
ving problems or making products using the kno-
wledge they have.

Creativity in the domain of science is cal-
led scientific creativity. Scientific creativity is
used to solve problems creatively or produce in-
novative products. Scientific creativity is the same
as general creativity in divergent thinking but
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emphasizes problem-finding, problem-solving,
supposition, hypothesis generation, experimenta-
tion, product creation, product design, and pro-
duct improvement (Siew et al., 2014; Raj & Saxe-
na, 2016). Scientific creativity requires scientific
process skills (Pinasa & Srisook, 2019). When
students study scientific phenomena, students
also need scientific creativity (Samsudin et al.,
2018). According to Blaskova (2014), scientific
creativity includes learning skills, innovation, and
responsibility as part of life and career skills in
the 21st century. Scientific creativity is considered
one of the most important fields that contribute
to the progress of human civilization (Hu et al.,
2010). It shows that students need to be prepared
as part of modern society, which later requires
scientific creativity to solve life’s problems.

Several research results also show that
students’ scientific creativity needs to be develo-
ped. The results of Cevher et al. (2014) showed
that the average total score of students’ scientific
creativity was moderate, but the originality and
elaboration scores were insufficient to generate
creative ideas. Astutik et al. (2020) said that stu-
dents’ scientific creativity needs to be developed,
especially in problem-solving and production
techniques, 90% of students have difficulties in
problem-solving, and 78% of students have diffi-
culties in production techniques. In terms of ex-
periments, students have not been able to design
experiments creatively (Akcay, 2013) or conduct
experiments independently but are still guided by
worksheets similar to recipes (Sulistyanto & Ru-
silowati, 2009).

The low scientific creativity is caused by
the lack of opportunities for students to use their
knowledge and skills in solving problems creati-
vely or creating innovative products. Preliminary
studies at several high schools in Sidoarjo (East
Java, Indonesia) show that the learning process
in schools rarely encourages students to develop
their scientific creativity. Students focus more on
learning than applying knowledge to solve prob-
lems or create products. The knowledge learned
is also directly on the final concept. Students are
rarely involved in the process of discovering and
proving concepts. Opportunities to convey ideas
are also rarely given. Most tasks and questions do
not require higher-order thinking skills and are
less applicable to everyday life. Previous studies
also observed the same conditions (Saido et al.,
2015; Rahmawati et al., 2019; Sumarni et al.,
2019; Wijayati et al., 2019; Sumarni & Kadar-
wati, 2020). Students’ scientific creativity can be
developed by implementing learning activities.
Learning activities that make it possible for stu-
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dents to develop their creativity are formulating,
integrating, and improving ideas to solve creative
problems or create innovative products. Therefo-
re, it is necessary to develop students’ scientific
creativity.

One of the efforts to develop students’
scientific creativity is through the STEM approa-
ch. Genek & Kiigiik (2020) stated that the STEM
program’s implementation positively impacted
students’ scientific creativity. STEM activities
increase students’ scientific creativity (Knezek
et al., 2013; Pertiwi et al., 2017; Yulianti et al.,
2020). STEM integrated with PjBL also positive-
ly affected all dimensions of students’ scientific
creativity traits (Lou et al., 2017; Siew & Ambo,
2018). Recently, the STEM approach has been
integrated with art and religion. The integration
of STEM with art (STEAM) has been widely
studied, while STEM with religion (STREM) is
still rare. Integrating religious values is also nee-
ded to build student character. Religious values
can also be integrated into the material as kno-
wledge to stimulate students’ curiosity and high-
order thinking skills. Therefore, it is necessary to
conduct STREM research to stimulate students
further to develop their scientific creativity. The
learning model that aligns with the principles of
the STREM approach is Problem-Based Lear-
ning (PBL). This learning model enables good
learning practices in teaching STEM content
(Mutakinati et al., 2018). STREM and PBL are
problem-centered learning. At the beginning of
learning, students are given problems and asked
to provide solutions in the form of products in
groups, and the teacher acts as a facilitator.

This kind of learning is suitable for develo-
ping students’ scientific creativity but takes more
time. The solution to making learning time more
effective is to include an e-authentic assessment
in STREM PBL learning. Authentic assessment
simplifies the assessment of student performance
(Rustaman et al., 2017). This authentic assess-
ment is web-based (e-authentic assessment), so
students can quickly receive feedback for better
learning outcomes. The assessment process car-
ried out via the web makes the learning process
more effective and efficient, considering the large
number of students (Kusairi et al., 2017). This
type of assessment allows for educational trans-
formation and can increase students’ ability to
learn independently (Kearney, 2013). An e-aut-
hentic assessment puts student skills in the very
good category and student knowledge in the me-
dium category (Ambiyar et al., 2020). Therefore,
it is necessary to research the scientific creativity
of high school students on static fluid material in
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STREM PBL with an e-authentic assessment to
answer the following research questions: (1) How
is the effect of STREM PBL with an e-authentic
assessment on the scientific creativity of high
school students in static fluid?; (2) How is high
school students’ scientific creativity level on the
static fluid in STREM PBL with an e-authentic
assessment?
METHODS

This research used mixed methods with
an embedded experimental design. The stages of
the research are shown in Figure 1. The research
began with collecting qualitative data through
interviews with several students about students’
scientific creativity in a static fluid material. Furt-
hermore, all students were given a pretest using
essay questions to measure students scientific cre-

ativity. The intervention in the form of STREM
PBL with an e-authentic assessment was carried
out during four meetings. Students are orientated
to the problem at the first meeting and strengt-
hened conceptual understanding. At the second
meeting, students investigated the literature and
designed the product. At the third meeting, stu-
dents evaluated and created the product design.
At the fourth meeting, students tested and evalu-
ated the product. During the learning process, ob-
servations are made of the learning process. After
the intervention, all students were given a posttest
with the same questions as the pretest. After that,
interviews were conducted with several students
to dig deeper regarding students’ scientific creati-
vity in static fluid material after being given ST-
REM PBL with an e-authentic assessment.
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Figure 1. Embebded Experimental Model
Creswell & Clark (2017)

The research subjects comprised 30 stu-
dents in the 11th grade of Senior High School
in Sidoarjo, Indonesia. Data collection techni-
ques were carried out through pretest-posttest,
interviews, and observations. The pretest and
posttest instruments consist of three scientific
creativity essay questions on static fluid material.
The expert validated the three questions and dec-
lared them valid, both in terms of content and
constructs. The instrument has also been tested
empirically. The results of the empirical test show

that the three questions are valid with an instru-
ment reliability of 0.610. The rubric for assessing
scientific creativity refers to Table 1. The inter-
view technique in this study is a semi-structured
interview. The interview was conducted before
and after the intervention. Interview questions re-
garding product innovation that applies the static
fluid concept. Observations were also made du-
ring the learning activities. Observation focus on
student activities. The results of the observations
are written in field notes.

Table 1. Assessment Criteria of Scientific Creativity

Indicator Criteria Score
Fluency = No answer 0
Answer 1 correct answer 1
Answer 2 correct answers 2
Answer 3 correct answers 3
Answer 4 correct answers 4
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Flexibility No answer
Answer 1 correct answer
Answer 2 correct answers
Answer 3 correct answers

Answer 4 correct answers

Original- No answer

ity Answer frequency >15% (>5)
Answer frequency between 11% - 15% (4-5)
Answer frequency between 5% - 10% (2-3)
Answer frequency <5% (1)

Elabora- No answer

tion Picture is not detailed

Picture is detailed

Picture is detailed and equipped with a description of each part
Picture is detailed and equipped with a description of each part and work

principle
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Data from student responses to the pretest
and posttest were analyzed quantitatively and
qualitatively. Quantitative data were analyzed

Table 2. Category of Effect Size

statistically through the Wilcoxon test and effect
size. The result of the effect size calculation is in-
terpreted using categories, as shown in Table 2.

Range Category

0-0,20 Weak effect
0,21-0,50 Modest effect
0,51-1,00 Moderate effect

>1,00 Strong effect

Cohen et al. (2017)

The increase in scientific creativity of each
student is also analyzed using the following N-
gain equation and categories.

Table 3. Category of N-gain

posttest score — pretest score

N — gain = X
maximum score — prestest score

Range Category

<0,30 Low
0,30<g<0,70 Medium
0,70<g<1,00 High

Hake (1999)

Qualitative data were analyzed to support
quantitative data. Analyzing qualitative data is data
reduction, coding, data presentation, and con-

cluding. Coding for scientific creativity uses the
terms in Table 4.
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Table 4. Coding for Scientific Creativity
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Indicator Category Level Criteria

Fluency Not creative 0 No answer
Less creative 1 Answer 1 correct answer
Quite creative 2 Answer 2 correct answers
Creative 3 Answer 3 correct answers
Very creative 4 Answer 4 correct answers

Flexibility Not creative 0 No answer
Less creative 1 Answer 1 correct answer
Quite creative 2 Answer 2 correct answers
Creative 3 Answer 3 correct answers
Very creative 4 Answer 4 correct answers

Originality Not creative 0 No answer
Less creative 1 Answer frequency >15% (>5)
Quite creative 2 Answer frequency between 11% - 15% (4-5)
Creative 3 Answer frequency between 5% - 10% (2-3)
Very creative 4 Answer frequency <5% (1)

Elaboration Not creative 0 No answer
Less creative 1 Picture is not detailed
Quite creative 2 Picture is detailed
Creative 3 Picture is detailed and equipped with a description of

each part
Very creative 4 Picture is detailed and equipped with a description
of each part and work principle
RESULTS AND DISCUSSION object’s position in the fluid. Students were asked

STREM PBL with an e-authentic assess-
ment is carried out offline and online. Online
activities focusing on assessment and feedback
are carried out as the solution to making learning
time more effective. This is because STREM PBL
is suitable for developing creativity but requires
a long time, so it needs to be integrated with an
e-authentic assessment. This learning began with
giving a problem in the form of a flood. The fo-
cus of the problem chosen is material loss and
damage to buildings, especially mosques. Stu-
dents began to be involved in the problem-solving
process by demonstrating the ship’s phenomena
and discussing the Al-Qur’an’s values related to
the concept of floating objects. After that, project
tasks are formulated to solve the problem by de-
signing and making miniature floating mosques
in groups.

Before designing, students carried out in-
vestigations related to the concept and construc-
tion of miniatures. In investigative activities,
students conducted experiments on the factors
that affect the buoyant force’s magnitude and the

to design their experiment, such as determining
as many experimental variables as possible and
then making an experiment design. This expe-
riment design activity aims to train students’
scientific creativity on indicators of fluency and
flexibility. In this section, students can mention
many variables, although not all are conceptual-
ly correct. However, this activity must be done to
train students to think flexibly. Unique answers
were also found, which also trained students’
originality. After collecting data, analyzing ex-
perimental results, and discussing them, students
will understand the correct concept. After that,
students were invited to discuss more profound
concepts to strengthen students’ conceptual un-
derstanding and practice elaboration indicators.
The concepts obtained were also integrated with
the previous values of the Al-Qur’an. Apart from
strengthening elaboration, this activity also aims
to train flexibility and students to think about ot-
her scopes or categories.

After investigating the concept, students
investigated references related to the miniature
construction and then designed a floating mos-
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que miniature. This design activity is to increase
elaboration as well as student originality. The
results of each group’s design showed that stu-
dents could design in detail, which shows that
student elaboration is good. However, in terms of
originality, the construction of mosques for each
group is almost the same. They are like the design
of mosques in general. The designs are assessed
by peer assessment and self-assessment. The goal
is to motivate students more and make students
produce better products. After completing the de-
sign and assessment activities, each group reali-
zed their designs into the miniatures. Miniature
that has been tested. The miniatures were also
assessed during the trials by self-assessment and
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peer assessment. After that, each group was allo-
wed to revise their miniatures. Finally, students
are invited to reflect on the process of making
and producing the product. This self-assessment
and peer assessment activity can improve student
work and train student elaboration. Before the as-
sessment was carried out, the miniatures of some
groups could not float properly and accommoda-
te the maximum load. After the assessment and
revision, the miniatures of all groups can float
properly and accommodate the maximum load.

Descriptive statistics of the pretest and
posttest of students’ scientific creativity in ST-
REM PBL with an e-authentic assessment are
presented in table 5.

Table 5. Descriptive Statistics of Pretest and Posttest

Minimum Maximum Mean Std. Deviation
Pretest 0 63 4.79 14.09
Posttest 19 100 62.29 21.31

Table 5 shows that the average posttest
score (M=62.29; SD=21.31) is higher than the
average pretest score (M=4.79; SD=14.09). The
difference between pretest and posttest scores
was tested statistically with the Wilcoxon test.
This non-parametric test was carried out because
the posttest data (p=.167) was normally distri-
buted, while the pretest (p=.000) was not nor-
mally distributed. The result of the Wilcoxon test
showed that the average posttest score was signi-
ficantly higher than the average pretest score Z

20
15
10

Low

Medium

(30)=-4.791,p=.000,d=.87. According to Cohen
et al. (2017), effect size (d=.87) is included in the
medium category. N-gain of each student’s scien-
tific creativity after being given STREM PBL
with e-authentic assessment is also calculated.
Three students (10%) experienced an increase in
the low category, 17 students (57%) experienced
an increase in the medium category, and ten stu-
dents (33 %) experienced an increase in the high
category.

17

10

High

B Category of N-gain

Figure 2. Graph of N-gain Category

The total score and the score for each indi-
cator of scientific creativity have also increased.
All indicators of scientific creativity have inc-
reased. Fluency (71.6%) increased to the high

category, while flexibility (51.7%), originality
(53.7%), and elaboration (64.3%) increased to the
medium category.



86

80,0
70,0
60,0
50,0
40,0

Average score

30,0
20,0
10,0

0,0

Z. U. Irma, S. Kusairi, L. Yuliati / JPII 12 (1) (2023) 80-95

| —

-

Fluency

Flexibility

Originality

Elaboration

M Pretest

0,1

0,1

0,4

0,2

B Posttest

2,9

2,1

2,3

2,6

N-gain (%)

71,6

51,7

53,7

64,3

Figure 3. Graph of the Average Score of Pretest, Posttest, and N-gain (%) for Each Indicator of Stu-

dents’ Scientific Creativity

The result of statistical tests shows that ST-
REM PBL with an e-authentic assessment has a
moderate effect on students’ scientific creativity.
This result is suitable with the research of (Widy-
asmah et al., 2020), which state that STEM PBL
on Pascal’s Law improves creative thinking skills
in the moderate category. PBL activities and mo-
dules positively impact training students’ scien-
tific creativity in learning natural sciences (Siew
et al., 2015; Nuswowati et al., 2017; Sumarni &
Kadarwati, 2020). The results of this study also
support the research of Setiawan et al. (2020),
Hebebci & Usta (2022), Lou et al. (2017), and
Siew & Ambo (2018), which states that STEM
learning has a positive impact and can increase
students’ scientific creativity. Not only did the
average total score increase, but the average score
for all indicators also increased. These findings
support the discovery of Sirajudin et al. (2021)
for scientific creativity in electrical materials. Ac-
cording to Kuo et al. (2019) and Susilowati et al.
(2020), STEM learning and creativity are interre-
lated and influenced because STEM learning can
help increase creativity, which is the key to the
success of STEM learning.

Each step in STREM PBL with an e-aut-
hentic assessment increases students’ scientific
creativity. This learning begins with giving aut-
hentic problems, and students are asked to solve
these problems. The authentic problem given is
the impact of flood losses, one of which is ma-
king the mosque unusable during a flood. Lear-
ning that involves problem-solving activities is the
basis for increasing students’ scientific creativity
(Hu et al., 2013; Mayasari et al., 2016). Problem-

solving activities greatly affect students’ scienti-
fic creativity (Bi et al., 2020). Kind & Osborne
(2017); Lou et al. (2011) also mentions that prob-
lem-solving activities are one way to enhance
creativity. Through the problem of flood losses,
students were given project assignments to make
designs and miniatures of floating mosques. Gi-
ving projects can hone students’ scientific creati-
vity (Erdogan et al., 2013; Knezek et al., 2013;
Gilhan & Sahin, 2016; Kustiana et al., 2020).
Design activities are a means to develop creativity
(Gibson, 2003). Product design and manufactu-
re is a catalysts to encourage scientific creativi-
ty (Siew & Ambo, 2018). One of the supporting
factors for increasing student creativity is student
enthusiasm for designing activities. According to
Cavas & Kesercioglu (2012); Lou et al. (2012),
scientific creativity increases when problem-sol-
ving is emphasized in design and development
through hands-on and minds-on. Siew & Ambo
(2018) also state that scientific creativity increa-
ses when activities and thoughts are emphasized
in project design and development. Students are
given more project assignments to develop their
creativity.

Before designing and making miniature
floating mosques, students are directed to learn
the concept of static fluid through inquiry activi-
ties. The scientific knowledge gained can later be
used to evaluate ideas in designing and making
miniature floating mosques. Inquiry activities are
also helpful for developing students’ creativity
(Liu & Lin, 2014). Students are directed to con-
duct experiments related to hydrostatic pressure
and Archimedes’ Law. Based on the objectives
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of the given experiment, students are asked to
determine their experimental design. Designing
experiments is alternative learning that can inc-
rease students’ creativity (practical work). Yang
et al. (2016) stated that the activity of designing
experimental procedures can increase scientific
creativity. Activities to formulate problems, hy-
potheses, variables, and other process skill activi-
ties can increase scientific creativity (Zainuddin
et al., 2020).

Students work on project assignments to-
gether with their groups. Working in groups is
one way to practice creativity (Dousay & Weible,
2019). Discussion activities can increase creativi-
ty (Rohim & Susanto, 2012). Siew et al. (2015)
stated that communication and information sha-
ring is social process variables associated with in-
creasing scientific creativity. Perry & Karpova’s
(2017) results also state that group learning inc-
reases students’ creativity more than individually.
Collaborative learning is proven to have a mode-
rate effect on students’ scientific creativity (Bi et
al., 2020).

Designs and miniatures are assessed by
self-assessment and peer assessment. Students are
asked to test and assess their group’s and other
groups’ work. Both types of assessment aim to
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make students more independent and motivated
to produce better work. The activity of testing
and reflecting on this project requires students to
develop their creativity (Hu et al., 2013; Putri et
al., 2020). The assessment activities during this
process encourage students to choose the best so-
lution to enhance their creativity (Bennett, 2011).
Perseverance in producing good products also
guides students to be more creative (Owen et al.,
2019).

STREM PBL with an e-authentic assess-
ment has been shown to increase the average sco-
re of each indicator of scientific creativity. Next,
it will be analyzed how creative the students are
after being given STREM PBL with an e-authen-
tic assessment. To determine the level of scienti-
fic creativity of students, students’ responses to
scientific creativity questions are categorized into
five levels of scientific creativity, namely Level O
(not creative), level 1 (less creative), level 2 (quite
creative), level 3 (creative), and level 4 (very crea-
tive). In this study, the fluency indicator was me-
asured by asking students to mention the product
innovations which applied Archimedes’ Law to
solve the flood problem. Table 6 shows the num-
ber of students at each level in the fluency indica-
tor during the pretest and posttest.

Table 6. Cross Tabulation of Pretest*Posttest on Fluency

Posttest
Level 0 Level 1 Level 2 Level 3 Level 4 Total

Pretest Level 0 0 3 9 3 12 27

Level 1 0 0 1 1 2

Level 2 0 0 0 1 1

Level 3 0 0 0 0

Level 4 0 0 0 0 0

Total 0 3 10 4 13 30

During the pretest, there were only three
students who gave answers, while 27 other stu-
dents did not give answers. Two of the three stu-
dents mentioned boats and garbage separators in
rivers. While one of the three students mentio-
ned floating houses and flood detection alarms.
During the posttest, no more students are at le-
vel 0. All students could answer even if only one
answered. There were three students at level 1,

- s k‘(‘!ﬁm?a"’f‘.
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10 at level 2, four at level 3, and 13 at level 4.
The number of answers each student gives during
the posttest is always more than the pretest. The
answers given during the posttest were also more
varied. Figure 4 shows one of the students’ ans-
wers during the pretest and posttest. In the pre-
test, students gave one answer, but in the posttest,
students could give four answers.
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Figure 4. The Answer to Pretest and Posttest on Fluency
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Flexibility was measured by asking stu-
dents to mention the factors affecting the objects’
position in the fluid. Table 7 shows the number
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of students at each level in the flexibility indicator
during the pretest and posttest.

Table 7. Cross Tabulation of Pretest*Posttest on Flexibility

Posttest
Level 0 Level 1 Level 2 Level 3 Level 4 Total
Pretest Level 0 1 8 13 3 4 29
Level 1 0 0 0 0 0
Level 2 0 0 0 1 1
Level 3 0 0 0 0 0
Level 4 0 0 0 0
Total 1 8 13 3 5 30

During the pretest, there was only one stu-
dent who could answer, while 29 students did not
answer. A student mentions two factors that affect
the position of an object in a fluid. These factors
are the shape of different objects and the cross-
sectional area of the object. During the posttest,
only one student remained at level 0. The student
could not answer. While the other 28 students

-
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Pretest

were spread at different levels and 13 at level 2.
The answers given by the students varied. The
following is one of the student’s answers in the
pretest and posttest. Through the experimental
design drawings, the student answered the type
of fluid, the type of object, the object’s shape, and
the object’s volume.
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Figure 5. The Answer to Pretest and Posttest on Flexibility

This study measured originality by asking
students to mention the product innovations
that applied Archimedes’ Law to solve the flood
problem. Students are asked to mention the most

innovative products possible. Table 8 shows the
number of students at each level in the originality
indicator during the pretest and posttest.

Table 8. Cross Tabulation of Pretest*Posttest on Originality

Posttest
Level 0 Level 1 Level 2 Level 3 Level 4 Total

Pretest Level 0 0 11 4 7 5 27
Level 1 0 0 0 0 0
Level 2 0 0 0 0 0
Level 3 0 0 0 0 0
Level 4 0 0 1 0 2

Total 0 11 5 7 7 30
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Only three students could answer in the
pretest, while the other 27 did not. Three stu-
dents mentioned garbage filters in the river, flo-
ating houses, and flood detection alarms. In the
posttest, no more students are at level 0. All
students can provide answers even though the
answers given are not new ideas (more than one
person also mentioned the answer). All students
in the pretest were at level 0, in the posttest was
spread at levels 1, 2, 3, and 4. 11 students at le-
vel 1, four students at level 2, seven students at
level 3, and five students at level 5. Two of three
students at level 4 in the pretest remained at le-
vel 4 in the posttest, while one other dropped to
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level 2. One student gave the same answer as the
answer in the pretest during the posttest, namely
the flood detection alarm and floating house. In
the pretest, only these students mentioned flood
detection alarms and floating houses, but in the
posttest, the frequency of responses to flooding
detection alarms and floating houses was high, so
the originality was low. To be declared as a cre-
ative person, at all times must be able to provi-
de new ideas because ideas that are considered
new today may not necessarily be considered new
ideas in the future. Figure 6 shows the student’s
answer.

L oman apung
MasTi4, afing
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Figure 6. The Answer of Pretest and Posttest on Originality

Elaboration is measured by asking stu-
dents to describe the design of a product that app-
lied Archimedes’ Law to solve the flood problem.

Table 9 shows the number of students at each le-
vel in the elaboration indicator during the pretest
and posttest.

Table 9. Cross Tabulation of Pretest*Posttest on Elaboration

Posttest
Level 0 Level 1 Level 2 Level 3 Level 4 Total
Pretest Level 0 2 2 13 1 10 28
Level 1 0 0 0 1
Level 2 0 0 0 0 0
Level 3 0 0 0 0 0
Level 4 0 0 0 0 1
Total 2 2 13 1 12 30

In the pretest, three students could menti-
on a product to solve the flood problem. Of the
three students, one student could not describe the
product, one could describe it but lacked detail
so that it was at level 1, and another could desc-
ribe the product in detail so that it was at level
4. In the posttest, students initially at level 4 re-
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Pretest

mained at level 4, and students initially at level
1 remained at level 1. While students who were
initially at level 0 became level up, except for two
students who remained at level 0. The following
was one of the students’ answers when the pretest
was at Level 1 and when the posttest was at Level
4 with a different product.
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Figure 7. The Answer of Pretest and Posttest on Elaboration
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Before and after being given STREM PBL
with an e-authentic assessment, several students
were interviewed. Interview questions about
Pascal’s Law. Students are asked to mention as
many product innovations which apply Pascal’s
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Law as possible and then explain the working
principle. The following is the interview result of
one of the students before and after STREM PBL
with an e-authentic assessment.
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Figure 8. Interview Results Before and After STREM PBL with an E-authentic Assessment

Before the intervention, the student men-
tioned hydraulic pumps as product innovations
that applied Pascal’s Law. Student only mentions
one answer, so they are at level 1 for fluency and
flexibility. Judging from the originality indicator,
many students also mention hydraulic pumps, so
the student is at level 1 for originality. Based on
the answers given, the student has not been able
to provide new and different ideas. The answer
given is an application that is often mentioned in
textbooks. The student answered hydraulic pump
because she remembered the application from
the book and from the explanation given by the
teacher when discussing Pascal’s Law. Judging
from the elaboration indicator, the student is at
level 2. The student can describe the answer, but
the picture is still general. Students do not provi-
de information on the parts of the product. When
asked to explain the product’s working principle
in more detail, the student could not explain it in
detail.

After the intervention, the student mentio-
ned the automatic cat cage cleaner. The student
only mentions one answer, so it remains at level 1
for fluency and flexibility indicators. Meanwhile,
for the originality indicator, the student is at level
4 because only her who was mentioned that idea.
The idea of an automatic cat cage cleaner is also
new and unique. This idea has not been discussed
in any book or study resource. The student men-
tioned this idea because of her love and concern
for animals, especially cats. Judging from the ela-
boration indicator, the student can describe the

answer in detail. The student was able to describe
each part of the product and explain the working
principle of the product in detail and systemati-
cally. It means the student is at level 4 for the ela-
boration indicator.

All indicators of scientific creativity inc-
reased after STREM PBL with an e-authentic
assessment. The most considerable increase oc-
curred in the fluency indicator with the high ca-
tegory (71,6%). The average scientific creativity
level of students (13 students) on the fluency indi-
cator during the posttest is also the highest among
all indicators, which is at Level 4 (very creative).
These results are similar to those of Azizah et
al. (2020); Altan & Tan (2021); Mayasari et al.
(2016); Pinasa & Srisook (2019) that the highest
indicator achieved by students is fluency. Howe-
ver, it is in contrast to Siew et al. (2015), whose
posttest fluency score decreased from the pretest
score. Problem-centered learning, project assign-
ment assignments, inquiry activities, and group
discussion activities are supporting factors for
improving fluency indicators. Awang & Ramly’s
(2008) research results show that problem-cente-
red learning through applying PBL can increase
fluency scores. Giving project assignments that
lead students to plan, design, and reflect on lear-
ning outcomes in various post-project cases requi-
res students to think fluently (Putri et al., 2020).
This is also following the research of Isabekov
& Sadyrova (2018); Srikoon et al. (2018), who
found that when students were given a problem
and asked to produce a product, they could train
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students to generate many ideas. The number of
ideas referred to is part of the fluency indicator.
When experimenting, students are asked to think
of as many factors that can influence it as a va-
riable. Activities train students to think fluently.
Another factor that increases the fluency score is
the activity of designing the experiment. One of
them is when doing experiments related to Ar-
chimedes’ Law. Students must think about factors
that affect the magnitude of the buoyant force
and the position of objects in a liquid. Brainstor-
ming activities to consider as many possibilities
as possible and solutions can also increase fluen-
cy scores (Siew et al., 2015). Pinasa et al. (2018)
also state the same thing, that sharing the appli-
cation of knowledge and design to products can
increase fluency scores.

The flexibility indicator has increased to
the moderate category (51.7%). The students’ ave-
rage level of scientific creativity (13 students) on
the flexibility indicator at the posttest is at Level 2
(quite creative). These results follow the research
results by Kencana et al. (2020). When studying
in groups, the ideas conveyed vary. When there is
a difference of opinion, it must be decided which
idea to use or how to think flexibly to take a mid-
dle ground between these ideas. Activities like
this can increase students’ creativity on flexibility
indicators (Siew et al., 2015; Shively et al., 2018).
Knowledge sharing and product design activities
also increase flexibility (Pinasa et al., 2018). Ho-
wever, it is also difficult for students to develop
solutions after finding several solutions. It affects
flexibility ( Altan & Tan, 2021).

Originality increased by 53.7% in the mo-
derate category. However, the average scientific
creativity level (11 students) on the originality
indicator at the posttest was Level 1 (less crea-
tive). The results of this study are suitable with
the results of research by Rustaman et al. (2018);
Widyasmah et al. (2020), that originality is in
the medium category. Problem-based learning
and project assignments also increase originality
(Awang & Ramly, 2008; Putri et al., 2020). When
designing the miniature form of the floating mos-
que, students were also asked to make designs dif-
ferent from the existing ones. This activity trains
students to think about new things. These results
follow what Siew et al. (2015); Isabekov & Sa-
dyrova (2018) found in their research that such
activities can stimulate students to find new ideas.
This is what helps make students’ originality in-
crease in this study. Activities that focus on ques-
tions on design and products also contribute to
increasing originality (Pinasa et al., 2018). Even
though the average originality score increased,
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the average student was still at level 1 (less cre-
ative) during the posttest. This is the lowest level
acquisition of all indicators. This finding is the
same as the findings of previous research, which
also found that the originality score was the lo-
west among other indicators of scientific creati-
vity (Mayasari et al., 2016; Syukri et al., 2017).
One of the causes of originality being the lowest
is the familiarity between students and small clas-
srooms which can influence students’ new ideas
(Jindal-Snape et al., 2013).

Elaboration increased 64.3% in the mode-
rate category. The average level of scientific cre-
ativity (13 students) on the elaboration indicator
during the posttest is at Level 2 (quite creative).
These results follow the research of Kencana et
al. (2020), Kuo et al. (2019), and Widyasmah et
al. (2020), which also shows that elaboration is in
the medium category. Before making a product in
the form of a miniature floating mosque, students
are directed to design the miniature first. Design
activities are also a means to develop creativity
(Gibson, 2003). When designing, students must
make designs as detailed as possible and need to
consider many things, including related concepts.
Activities like this can develop students’ elabora-
tion. As explained by (Altan & Tan, 2021) in their
research, students with sufficient knowledge to
decipher solutions can affect elaboration scores.
Students also realize that groups must choose the
best solution among the solutions given, so each
group must describe the complete solution to
present it. The activity of clarifying and focusing
questions on design and product makes students’
thinking more explicit about the elaboration indi-
cator (Pinasa et al., 2018).

The order of increasing the average scien-
tific creativity score for each indicator is fluency
(high) > elaboration (moderate) > originality
(moderate) > flexibility (moderate). Meanwhile,
the average sequence of scientific creativity levels
at the posttest was fluency (level 4 very creative)
> elaboration (level 2 quite creative) = flexibility
(level 2 quite creative) > originality (level 1 less
creative). The fluency indicator shows the best
results. The average score increased, and the ave-
rage student reached a very creative level at the
posttest. Fluency is the easiest indicator to achie-
ve and can be used as an initial step to becoming
more creative. In this study, fluency was always
trained in every STREM PBL with an e-authentic
assessment. Students are always instructed to sta-
te as many ideas as possible, starting from variab-
le ideas and experimental designs to discover the
concept of static fluid until product design ideas.
This kind of training should always be done be-
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cause most of the first ideas students mention are
not the most creative. However, when students
were asked to continue to mention their ideas,
some of the ideas mentioned were the most crea-
tive ideas. If it is not an entirely new idea, at least
it is a combination of a modified idea of an old
idea.

The elaboration indicator also shows con-
sistent results. In this study, fluency is always in
the first best position, followed by elaboration,
both in increasing the average score and the ave-
rage level of scientific creativity at the posttest.
At the posttest, the average elaboration level was
still quite creative. However, the average score has
experienced a moderate increase. This increase
results from giving systematic concept questions
in making product designs. The questions given
require students to enrich their ideas and insights.
The elaboration score, which is quite good, is not
surprising because students’ conceptual under-
standing in the population is also good, indicated
by the score of learning outcomes in the realm of
good conceptual understanding. Familiarity with
detailed analysis of each static fluid concept and
integration of each STREM content also give ef-
fect. The scientific content of the static fluid con-
cept is related to the aspect of religion in this stu-
dy in the form of Qur’an values and references to
the concept of floating buildings. Science and re-
ligion content is then applied to make technology
products through engineering processes and mat-
hematical calculations. E-authentic assessment in
the form of self and peer assessment of the de-
signs and products of the group and other groups
also trains student elaboration. When students
are asked to evaluate the designs and products of
other groups, they will also think of other ideas
and add insight that can enrich their ideas. Actu-
ally, students’ elaboration level has not been ma-
ximized in this study, which has been reflected
since students made product design drawings. If,
when making product design drawings, students
are trained to make more details, maybe the level
of elaboration of students will also increase.

Furthermore, regarding the flexibility indi-
cator, even though the increase in the average sco-
re is the lowest, at the posttest, the average student
is at a quite creative level, higher than the origi-
nality indicator. It turned out that it was not easy
for students to give ideas in different categories.
Students who provide many ideas do not necessa-
rily provide many categories of ideas. Conversely,
some students give a few ideas, but all of these
ideas are in different categories. It is also difficult
for students to develop solutions with different
categories after finding the right solution, even

though this research has added R (Religion) con-
tent in STEM learning. Further research can add
elements of art (STREAM) so that students are
more familiar with various categories. In additi-
on, the problems, product types, and main con-
cepts applied have also been determined and are
the same for all groups. The problem given was
in the form of a flood disaster, then all groups
were asked to make a miniature mosque product
that applied the concept of floating style. In order
to achieve the maximum level of flexibility, prob-
lems, types of products, and the main concepts
applied can be varied or given more than one. If
making more than one product is burdensome
and time-consuming, it can only be designed.

The lowest level occurs on the originality
indicator. Even though it experienced a moderate
increase, the average student was less creative in
the posttest. The proximity between students and
small rooms also seems to affect the originality of
students. What is more, the pretest and posttest
questions are the same problem. When students
know the answers other students believe to be cor-
rect, they tend to choose that answer rather than
give other answers that are not necessarily true.
Especially if they do not have an idea yet, then
the possibility of imitating the answer is even gre-
ater. The topic of the pretest-posttest questions
that measure originality is the same as the topic
of the student project, which is about buoyancy.
This further reduces the possibility of students ge-
nerating new ideas. Therefore, further research is
suggested to be a more conditional test. The pre-
test and posttest questions can be made different-
ly but with the same difficulty level, and the topic
is also different from the project’s main topic. In
addition, the problems or products, or concepts
applied can be more varied. It is conditioned that
each student or group provides different product
ideas to get used to thinking differently and not
depending on other students.

CONCLUSION

Students’ scientific creativity in static fluid
material has increased after STREM PBL with
an e-authentic assessment. This learning is signi-
ficant, with increased scientific creativity in the
moderate category. All indicators of scientific
creativity have increased. The order of increasing
the average scientific creativity score for each in-
dicator is fluency (high) > elaboration (moderate)
> originality (moderate) > flexibility (modera-
te). Meanwhile, the order of the average level of
scientific creativity at the posttest is fluency (very
creative) > elaboration (quite creative) = flexibi-
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lity (quite creative) > originality (less creative).
Students’ scientific creativity increases becau-
se this learning makes students solve problems,
carry out projects (design and manufacture pro-
ducts), conduct inquiry activities (trials and inves-
tigations), collaborate with groups, and evaluate
work through self and peer assessment. Learning
activities that can increase the level of fluency in-
dicators are mentioning as many ideas as possible
for experimental designs and product designs.
Learning activities that can increase the level of
flexibility indicators are integrating religion con-
tent into STEM (it is also better if integrating
art content) and providing several problems and
products from various fields. Learning activities
that increase originality indicators give each indi-
vidual or group a different project topic. Learning
activities that can increase elaboration indicators
are strengthening mastery of concepts and eva-
luating the work of oneself and others through
self-assessment and peer assessment.
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