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ABSTRACT

The aim of this study was to determine the effect of authentic inquiry project practicum on Nyale in improving
critical and creative thinking skills of prospective science teacher students. The method used was experimental
research method with one group pretest postest. The research subjects involved science education students of one
of the universities in Sumba in the 2023/2024 academic year who contracted animal anatomy and physiology
courses. The instrument used in this research was a critical and creative thinking skills test. The results of the Wil-
coxon test showed that in experimental classes 1 and 2 there was an effect of practicum on the critical and creative
thinking skills of prospective science teacher students as evidenced by the Asymp. Sig. (2-tailed) 0.000 < than
0.05. In addition, the N-gain test results showed an increase in critical thinking skills before and after practicum in
experimental classes 1 and 2 with moderate categories. While the N-gain test of creative thinking skills showed an
increase in the creative thinking skills of prospective science teachers in the moderate category for experimental
class 1 and in the low category for experimental class 2. From the results obtained, it can be concluded that the
authentic inquiry project practicum on Nyale is effective in improving the critical and creative thinking skills of

prospective science teachers.
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INTRODUCTION

Higher education has a big task in prepa-
ring skilled workers who have adequate abilities
and skills so that they can adapt to the rapid prog-
ress and changes in the world. As a society living
in the 21st century, universities must be able to
provide students as a society with a learning pro-
cess that must be able to make them have the qua-
lity to compete in the global world concerning
sustainable development goals (Burn, 2020; Mian
et al., 2020; UNESCO, 2017). The basic skills of
the 21st century are critical thinking skills, creati-
ve thinking skills, problem-solving skills, commu-
nicating, and collaborating (Nurkhin & Pramu-
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sinto, 2020; Tang et al., 2020; Levin, 2012; Gunn
et al., 2008). These skills are needed considering
that life changes in the 21st century as the era of
human capital have a wide impact in free compe-
tition in every aspect of human life.

As part of a society living in the era of hu-
man capital, students need to be equipped with
various thinking skills that can make them indivi-
duals who have sensitivity and are ready to adapt
to progress. Students must be able to apply kno-
wledge and ideas in solving real problems found
in their lives (Kwangmuang, et al., 2021; Lin et
al., 2020; Akben, 2020; Szabo et al., 2020; Ra-
hayu & Rustiami, 2017). Critical thinking, crea-
tive and problem-solving skills are 21st century
skills that are an important component of high-
level thinking to be able to see and find solutions
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to solve all problems encountered (Sthephenson
Sadler, 2016).These skills are the focus of atten-
tion in education because of the importance of
these skills in dealing with the rapid advancement
of science and technology. These skills have also
become important and cultivated in science edu-
cation, especially in the scientific process. (Hethe-
rington et al., 2020; Thornhill-Milles et al., 2023;
Fitriani et al., 2020) so, learners can have the abi-
lity to analyze and evaluate information or prob-
lems through observation, experience, and solve
complex problems by gathering information, and
being able to communicate findings effectively
(Haryani et al., 2021; Calavia et al., 2021; Gu-
nawan et al., 2020; Hutabarat, & Phongsavath,
2023).

Teaching and equipping skills requires a
learning process that is able to involve learners in
actively receiving, creating and or revising their
learning results into an experience that is useful
for their lives. Learning will be meaningful if
learners are able to link the information they have
obtained in learning with their prior knowledge.
Concepts obtained in learning will become mea-
ningful if they can then be logically connected to
other concepts that exist in their lives (Cai et al.,
2021; Asad et al., 2021; Altmeyer et al., 2020).

Science learning should be able to make
students see problems in real life and come up
with ideas or creative solutions to overcome the
problem. However, this requires a good and struc-
tured planning and process. Students must be en-
couraged to participate in developing higher-level
thinking, improving cognitive and metacognitive
skills in understanding what they are learning so
that they can express their ideas on the problems
they face (Collins, 2014; Huang, & Wu, 2022;
Jansen, 2022; Lu et al., 2021). Without such lear-
ning conditions, students will experience obstac-
les in improving high-level thinking skills.

Based on the results of the preliminary stu-
dy, the curriculum used by the Science Education
study program at one of the private universities
in Sumba refers to KKNI level 6. This curriculum
requires Bachelor graduates to be able to apply,
study, design, and utilize science and technolo-
gy in solving procedural problems. This shows
that the curriculum of the Science Education
study program is oriented towards learning that
emphasizes high-level skills such as critical thin-
king skills and creative thinking skills. In reality,
based on the results of observations, it was found
that the implementation of the learning process
in the science education study program had not
reached this stage.

The results of observations on the imple-
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mentation of lectures and practicums show that
the learning process still emphasizes mastery of
concepts. This is reinforced by the results of ob-
servations on the implementation of practicum
that takes place is still verification. The practicum
is carried out with a cook book guidebook, mea-
ning that the guidebook has explained in detail
the objectives to the work procedures. This led to
the low critical and creative thinking skills of the
students. The low of critical and creative thinking
skills of students can be seen from the initial test
results of students’ critical and creative thinking
skills.The initial test results on students’ critical
and creative thinking skills showed that students’
critical thinking skills in each indicator of criti-
cal thinking skills were still in the poor category.
Students’ abilities in the elementary clarification
indicator were 32.5, in the basic support indica-
tor 25, the advance clarification indicator 35.25,
the inference indicator 28.75 and the strategy
and tactics indicator 25. While in the creative
thinking skills test on each indicator also shows
that students are still in the poor category. In the
Fluency indicator, students scored 23.3, flexibili-
ty indicator 26.8, redefinition indicator 25, elabo-
ration indicator 25 and originality indicator 33.3.

Based on this problem, it is necessary to
develop a process of learning and practicum that
trains critical and creative thinking skills. The
learning activities that are designed must be able
to answer the challenges of the need for continuo-
us learning for students as learners. The learning
must make students able to contextualize their
learning, so that the learning becomes more mea-
ningful (Onowugbeda et al., 2024; Budiman &
Setyawan, 2021; Madrazo & Dio, 2020).

Authentic learning creates an understan-
ding of the concepts learned by connecting to new
practices that integrate previously acquired expe-
riences (Nunes & Giambastiani, 2021; Colomer
et al., 2020; Herrington et al., 2015; Roach et al.,
2018). Meanwhile, inquiry project-based learning
emphasizes active learning from students to seek
and find a solution to the problems encountered
(Lopera et al., 2022; Karan &Brown, 2022; Chua
Islam, 2021; Almulla, 2020). This activity will
then foster systematic, logical, critical thinking
skills as well as mental development. The aut-
hentic inquiry project-based practicum emphasi-
zes problem solving related to real-life problems.
Through authentic inquiry project, students are
motivated in learning, teamwork, collaboration
in achieving high level academic according to the
needs of 21st century life (Kennedy Sundberg,
2020; Pena, 2021; Brandt, 2020).

In authentic inquiry project learning, one
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of the real-life problems that can be developed
in the learning process is related to Nyale. Nyale
is a seaworm included in the Phylum Annelida
(Polychaeta) that spawns in the waters of Sumba
in a specific month. Nyale in Sumba tradition is
important because it is related to the pasola tradi-
tion which is one type of ancestral culture that is
now a tourist attraction. In addition, the people
of Sumba also recognize Nyale sand which has
been used by the local community as fishing tack-
le. Globally, seaworms are Polychaeta that have
a relatively short life cycle and strong reproduc-
tion that has economic value as the main prey
for benthic fish and as bait for fishing (Kerans
et al., 2024; Nascimento & Amaral, 2023; Tira-
longo et al., 2023; Simon et al., 2021; Pombo et
al., 2020); food supplements in aquaculture, food
components as shrimp reproductive stimulants
and have high levels of polyunsaturated fatty
acids. (Eroldogan et al., 2023; Willer & Alddrid-
ge, 2020).

Nyale is a Polychaeta animal that can be
studied in biological science, especially in stu-
dying its anatomy and physiology. Through the
observation of Nyale’s body structure, students
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can learn the structure and function of its body
parts and the physiological process. In addition,
students are also invited to find solutions so that
the taking of nyale in the habitat does not conti-
nue to occur. Students can conduct Nyale cultiva-
tion experiments to observe the factors that affect
its survival. This characteristic needs attention
considering that human activities that often take
it in the habitat can affect the survival rate of the
Nyale worm itself.

This problem is then developed into one
of the learning objects in related courses by con-
ducting an authentic inquiry project-based practi-
cum. The purpose of this study is to improve the
critical and creative thinking skills of prospective
teachers through authentic inquiry project-based
practicum on Nyale (Polychaeta). This research
also supports the problem solving of current is-
sues in sustainable development goals (SDGs)
such as SDGs agenda 4 on quality education and
agenda 14 on life under water. Sustainable educa-
tion that invites students to see and be able to find
solutions to problems in real life. Another sustai-
nable development goal (SDGs) is to protect the
underwater life of Nyale (Sumba Polychaeta).

Table 1. Implementation of authentic inquiry project practicum

Learning Stages

Formulate Re-
search Questions

Student Activities

Students read the readings provided by the lecturer and discuss actively to
formulate research questions according to the topics discussed.

Students in the group actively plan the investigation by filling in the planning

on the student worksheet.

The worksheet contains the planning of field observations and sampling for
identification and cultivation purposes; planning of sand Nyale cultivation;

Students discuss the planning results with the lecturer and classmates to get

Students approve the schedule for practicum implementation

Students prepare tools and materials according to group needs

Students conduct investigations or field observations observing Nyale habitat
and work on tasks according to the agreed division of tasks

Planning the dentification of sand Nyale.
Investigation Students manage their tasks fairly.

input and suggestions for improvement (if necessary).
Investigate

distribution of tasks.

Students conduct Nyale cultivation and work on tasks according to the agreed

Students identify Nyale and carry out tasks according to the distribution of

tasks that have been agreed.

Students collect data by completing all required data related to growth and

Data Collection

survival in Nyale cultivation activities.

Students documenting the results of identification
Students analyze growth and survival according to the treatment.

Data Analyzing

L ences.
Communicating

the Results

Students analyze (identify) the classification of Nyale using appropriate refer-

Students prepare an overall final report
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METHODS

The research method used was experi-
mental research with one group pretest postest
(Krishnan, 2024; Sieldlecki, 2020). This research
was conducted at one of the private universities
on Sumba Island in the Science Education Study
Program in the Animal Anatomy and Physiolo-
gy course. The subjects of this study were science
education students who contracted the Animal
Anatomy and Physiology course. The implemen-
tation of authentic inquiry project practicum was
carried out in class A as many as 25 people and B
as many as 23 students. Sampling was done using
purposive sampling technique. The research de-
sign is presented in Figure 1.

The critical thinking skills instrument fol-
lows the critical thinking skills indicators of Ele-
mentary Clarification, Basic Support, Inference,
Advanced Clarification, and Strategy and Tac-
tics. While the creative thinking skills developed
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include fluency, flexibility, redefinition, elabora-
tion and originality. The implementation of the
authentic inquiry project practicum follows the
syntax shown in table 1. All data in this study
were collected through various instruments used.
Qualitative data were analyzed descriptively whi-
le quantitative data were analyzed using statistics
with the SPSS 23 program. To see whether the
authentic inquiry project practicum about Nyale
has an effect on improving critical and creative
thinking skills, a non-parametric test was con-
ducted because the results showed that the data
were not normally distributed. Furthermore, to
see how much the increase in critical and creative
thinking skills, the N-gain test was conducted. N-
gain is a term that indicates the value of “Norma-
lized Gain”, which is used to measure the relative
increase in scores between test results after inter-
vention (sf) and test results before intervention
(si). The gain value is obtained by comparing the
results of the posttest value and the pretest value.

Two classes of 4th semester students enrolled in the Animal
Anatomy and Physiology course.

A

Pre-Test

Cntical Thinking Skills and Creative Thinking Skills

!

l

Experiment Group One
Practical authentic inquiry project about
Nyale (Polychaeta)

Experiment Group two
Practical authentic inquiry project about
Nyale (Polychaeta)

Practicum activities include

Practicum activities include

Observast Habitat &

Pengambilan Sampel
N_\-‘dh’

}

Project Plan

l !

Nyale Cultivation

Identification of
Nyale

) 1

4

Final Report

'

Critical Thinking Skills and Creative Thinking Skills

‘ Pos-Test ‘

Data Analysis

.
v

Interpretation

Figure 1. Research design (experimental research with one group pretest postest)
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RESULTS AND DISCUSSION

Nyale is a type of marine worm of the Po-
lychaeta class that has an important meaning for
the people of Sumba. Nyale, which emerges once
a year to the surface of sea water in Sumba, is a
moment that is awaited by the community. They
will flock to pick up Nyale which will then be
used as a side dish for consumption. The people
of Sumba also recognize the existence of Nyale
sand which is used by the community as fishing
bait. The continuous collection of sea worms in
their habitat is feared to disrupt the survival of
these animals. This research invites students to
think critically and creatively to see and address
the problems around them.

Research in Animal Anatomy and Physio-
logy Learning, students are invited to carry out a
project to identify the structure and function of
the Nyale body and try alternative Nyale cultiva-
tion to overcome the problem of continuous Ny-
ale Sand collection in its habitat. The Nyale used
in the animal anatomy and physiology project is
sand Nyale taken from the sand habitat.

This research was conducted on two ex-
perimental groups by conducting an authentic
inquiry project practicum on Nyale. The practi-
cum was conducted in four times meetings. The
first meeting students were invited to identify the
Nyale problem by reading two readings prepared
by the lecturer. At this meeting also after students
determine the next research problem students are
invited to plan the project with active discussion
in the group. In planning students are invited to

iR Wit

Figure 2. a. Pungut Nyale Tradition in Sumba; b. Nyale
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formulate project problems and make work plans.
The second meeting, students conduct field prac-
ticum to observe the habitat of Nyale pasir (Po-
lychaeta) and take Nyale samples that will be
used in the cultivation and identification process,
the third meeting, students identify Nyale using a
microscope. Meanwhile, the cultivation stage is
carried out from sampling in the field until the
35th day. All practicum results are then reported
by students through the final group report. In
the practicum process, students are trained in
critical and creative thinking skills. The Student
Worksheet designed and used as a guide has been
developed to train students’ critical and creative
thinking skills. In the practicum, students work
in groups because in learning there are abilities
that cannot be obtained if working alone and in
groups will bring up a variety of ideas and ideas
that vary (Sanchez-Mufioz et al.,2022; Yuan &
Stapleton, 2020; Li et al., 2020; Kowalski et al.,
2016).

The results of the pretest and postest of
students’ critical and creative thinking skills be-
fore and after implementing the authentic inquiry
project practicum can be seen from the average
score data displayed in Figure 3. The results of
the pretest and postest of critical and creative
thinking skills were then tested to see if the va-
lues were normally distributed. The results of
the Shapiro-Wilk normality test show that the
data on the value of students’ critical and creati-
ve thinking skills are not normally distributed so
that further non-parametric tests need to be car-
ried out using the Wilcoxon test.
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The results of the Wilcoxon test of pretest
and posttest values of critical thinking skills in
table 2 can be interpreted as follows 1) Negati-
ve Ranks or the difference (negative) between the
test results of students’ critical thinking skills is 3
at the N value, which means that there are 3 stu-
dents who have decreased scores from the pretest
results to the posttest scores. 2) Positive Ranks
or the difference (positive) shows that the results
of the student critical and creative thinking skills
test with a value of N is 44, which means that

100
90
80

70
60

51,04

50
40
30
20
10

0

G. Kerans, Y. Sanjaya, L. Liliasari, Y.

G. Ate / JPII 13 (4) (2024) 551-561

of the 48 students who took the tets there were
44 students who experienced an increase in cri-
tical thinking skills from the pretest value to the
posttest value. 3) Ties are the similarity of pretest
and posttest scores. The value of ties is 1 which
means there is 1 value that is the same between
the pretest value and the posttest value. 4.) The
value of Asymp. Sig (2-tailed) value is 0.000, in-
dicating that the practicum of authentic inquiry
project about Nyale has an effect on improving
students’ critical thinking skills.

41,98

CRITICAL THINKING SKILLS

CREATIVE THINKING SKILLS

@ Pretest M Postetst

Figure 3. Diagram of Pretest and Posttest Results of students' critical and creative thinking skills.

Table 2. Wilcoxon test Critical thinking skills and creative thinking skills

Indicators Value N Mean Rank Sum of Rank
Negative Ranks 32 3.17 9.50
Critical Thinking POSiﬁ,F Ranks 448’ 25.42 1118.50
Skills 1€s 1
Total 48
Asymp. Sig. (2-tailed)  0.000
Negative Ranks 22 6.75 13.50
Creative Think- Positiv¢ Ranks 46Cb 25.27 1162.50
ing Skills Ties 0
Total 48
Asymp. Sig. (2-tailed)  0.000

The practicum process of authentic inqui-
ry project about Nyale in the process trains stu-
dents to think critically by identifying real prob-
lems that exist in students’ daily lives. Students
identify problems in groups and then discuss the
problem-solving process. The problems faced by
students are problems that exist around students,
making students more interested and challenged.
In addition, this is a new activity because the
Nyale that has been known so far has never been
cultivated. The activeness of each member in the
discussion and in every stage of the project both

in the field and in the laboratory provides new
experiences and skills for students.

This activity then has an impact on imp-
roving students’ critical thinking skills. These
results are in line with previous research which
states that critical thinking skills acquired by
students through problem solving exercises will
make them build an understanding of science by
reasoning through problems, looking for scientific
facts and looking for scientific evidence (Young et
al., 2023; Sutiani et al., 2021). Critical thinking
and science education go hand in hand with four
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foundations for building learning experiences:
a) science, technology, and society; b) knowled-
ge; ¢) skills; and, d) attitudes. Researchers view
attitudes as the foundation for the other three
foundational areas, without it, critical thinking is
nothing more than a theoretical exercise (Kwang-
muang et al., 2021; Demircioglu et al., 2023).
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Afterwards, the N-gain test was conducted to see
how much the students’ critical thinking skills
improved after doing the practicum. The increase
in critical thinking skills can be seen in Table 5.
Table 5 shows that the increase in thinking skills
of students in experimental groups one and two
after taking practicum is in the medium category.

Table 5. Improvement of Students' Critical Thinking Skills

Class Pretest Value Posttets Value N-gain Category
Experiment 1 14.42 53.46 0.467 Medium
Experiment 2 23.40 48.18 0.327 Medium

Creative thinking skills as one of the skills
needed in the 21st century is the skill of students
in creating or making new ideas that make them
feel able to achieve their life goals (Thornhill et
al., 2023; Larraz-Rabanos, 2021; Rosen Simme-
ring, 2020). The results of the Wilcoxon test of
pretest and posttest values of creative thinking
skills in table 4 can be interpreted as follows 1)
Negative Ranks or the difference (negative) bet-
ween the test results of students’ critical thinking
skills is 2 at the N value, which means that there
are 2 students who have decreased scores from
pretest results to posttest scores. 2) Positive Ranks
or the difference (positive) shows that the results
of the student creative thinking skills test with
a value of N is 46, which means that there are
46 students who have increased critical thinking
skills from the pretest value to the posttest value.
3) Ties are the similarity of pretest and posttest
scores. The value of ties is 0 which means the-
re are no similar values between the pretest and

posttest values. 4.) Asymp. Sig (2-tailed) value is
0.000, indicating that the practicum of authentic
inquiry project about Nyale has an impact on
improving students’ creative thinking skills.

To see how much the improvement of stu-
dents’ creative thinking skills after doing the prac-
ticum, the N-gain test was conducted. The test re-
sults can be seen in table 6. From the table it can
be seen that the increase in creative thinking skills
of experimental group 1 students after participa-
ting in the practicum is in the medium category
while in experimental group 2, it is still in the low
category. Students in experimental group 2 have
lower scores when compared to experimental
group 1 due to differences in the level of activity
in the discussion. all treatments and processes un-
dergone by these two classes remain the same but
because of the differences in the level of activity
in each process, it also has an impact on the skills
obtained.

Table 6. Improvement Students' Creative Thinking Skill

Class Pretest Value Posttets Value N-gain Category
Experiment 1 9.038 47.5 0.428 Medium
Experiment 2 14.77 35.45 0.241 Low

The results above show that students’ cri-
tical thinking and creative skills improved after
participating in the authentic inquiry project
practicum on Nyale. The application of learning
that emphasizes critical thinking skills, creativity
and problem solving is one of the important fac-
tors in 21st Century learning (Thornhill-Miller et
al., 2023; Southworth, 2022; Li et al., 2020; Ka-
pici et al., 2020).

Critical thinking skills invite students to
achieve goals in an efficient way that involves
various cognitive, attitudinal, motivational and
metacognitive functions. Critical thinking be-
comes useful for students to be able to plan, ma-
nage, monitor and assess not only limited to what
is learned in the classroom but wider than that,
namely in everyday life as a person and social
society. (Thornhill-Miller et al., 2023; Al-Gha-

douni, 2021; Chen, 2021; Wechsler et al., 2018;
Nurkhin & Pramusinto, 2020). Creative thinking
skills invite students to connect complex material
with new and valuable ideas (Winarso & Haqq,
2020; Chen et al., 2022). Creativity relates to the
creative person, problem solving, cultural context
and new products (Larraz-Rabanos, 2021; Coraz-
za & Glaveanu, 2020). In this research, students
are invited to become creative individuals by rai-
sing real-life problems, namely Nyale as one of
the uniqueness of Sumba that needs to be con-
served.

In the learning process, critical and crea-
tive thinking skills can be improved with a lear-
ning development that is arranged in such a way
that the entire series of learning processes can be
student-centered (Tholibon et al., 2022; Sanchez-
Muioz et al, 2020; Aytac & Kulla, 2020; Villar-
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roel et al., 2020). In addition to being student-
centered, the current learning demands are also
how to design learning that is able to contextu-
alize the learning so that it becomes meaningful
learning for students (Hagenkotter et al., 2024;
Nachtigall & Rummel, 2022; Sanchez-Mufioz
et al, 2020). In order to answer these problems,
there are various learning models that are able
to contextualize learning to be more meaning-
ful, namely authentic inquiry learning based on
projects (Kerans et al., 2024; Hernandez-Torrano
& Ibrayeva, 2020). The authentic inquiry project
learning provided to students connects learning
materials with real-world problems so that stu-
dents can work like scientists and interact with
the material being taught. This learning provides
students with effective, motivating and success-
ful learning (Zachrich et al., 2024; Mierwald et
al., 2022; Fougt et al., 2019). Authentic learning
allows students to exercise their academic abili-
ties and connect them with their experiences di-
rectly, making learning more active and student-
centered (Macdiarmid et al., 2024; Brookes et al.,
2020).

In this study, experiments were conducted
using only sand Nyale worms but not Nyale that
have habitats on coral reefs, which are thought to
be Nyale that appear once a year and reproduce
en masse. In the experiment, the research did not
look at the effect of feed in the cultivation pro-
cess and the identification process was still very
simple due to equipment limitations. For future
researchers who want to raise experimental rese-
arch using Nyale in the practicum process, they
can conduct cultivation by paying attention to the
feed factor and also the type of Nyale used in the
cultivation process. In addition, authentic inquiry
project research needs attention, especially in its
implementation in classes that have never done
inquiry or project-based practicum before. Lectu-
rers need to pay better attention so that student
achievement can be optimal.

CONCLUSION

The authentic inquiry project practicum
on Nyale improves the critical and creative thin-
king skills of prospective science teacher students.
This is evidenced by the results of the Wilcoxon
test both on the test results of students’ critical
and creative thinking skills there is an influence
and an increase in the moderate category. The
practicum process designed by raising problems
in real life students train students to think criti-
cally and creatively. In addition, the series of
processes designed in such a way with student
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worksheets that train these thinking skills make
students more active. Practical activities in small
groups make all students actively involved and
complement each other and enrich new ideas or
ideas. The authentic inquiry project practicum
activity on Nyale also has an important impact in
supporting the SDGs program. Higher education
in its sustainable learning has a minimal impact
on the environment. The understanding of Ny-
ale also invites students to be directly involved in
maintaining the sustainability of Nyale’s life (Po-
lychaeta from Sumba).

REFERENCES

Akben, N. (2020). Effects of the problem-posing ap-
proach on students’ problem solving skills and
metacognitive awareness in science educa-
tion. Research in Science Education, 50(3), 1143-
1165.

Al-Ghadouni, A. B. M. (2021). Critical Thinking:
Components, Skills, and Strategies. Revista Ar-
gentina de Clinica Psicologica, XXX(2), 1-6.

Almulla, M. A. (2020). The effectiveness of the proj-
ect-based learning (PBL) approach as a way to
engage students in learning. Sage Open, 10(3),
2158244020938702.

Altmeyer, K., Kapp, S., Thees, M., Malone, S., Kuhn,
J., & Brunken, R. (2020). The use of augmented
reality to foster conceptual knowledge acquisi-
tion in STEM laboratory courses—Theoretical
background and empirical results. British Jour-
nal of Educational Technology, 51(3), 611-628.

Asad, M. M., Naz, A., Churi, P., & Tahanzadeh, M.
M. (2021). Virtual reality as pedagogical tool
to enhance experiential learning: a systematic
literature review. Education Research Internation-
al, 2021(1), 7061623.

Aytag, T., & Kula, S. S. (2020). The Effect of Student-
Centered Approaches on Students’ Creative
Thinking Skills: A Meta-Analysis Study. Inter-
national Journal of Contemporary Educational Re-
search, 7(2), 62-80.

Brandt, W. C. (2020). Measuring Student Success
Skills: A Review of the Literature on Self-
Directed Learning. 21st Century Success
Skills. National Center for the Improvement of Edu-
cational Assessment.

Brookes, D. T., Ektina, E., & Planinsic, G. (2020).
Implementing an epistemologically authen-
tic approach to student-centered inquiry
learning. Physical Review Physics Education Re-
search, 16(2), 020148.

Budiman, A., Samani, M., & Setyawan, W. H. (2021).
The Development of Direct-Contextual Learn-
ing: A New Model on Higher Education. In-
ternational Journal of Higher Education, 10(2),
15-26.

Burns, R. (2020). Adult Learner at Work: The challenges of



G. Kerans, Y. Sanjaya, L. Liliasari, Y. G. Ate / JPII 13 (4) (2024) 551-561

lifelong education in the new millenium. Routledge.

Cai, S., Liu, C., Wang, T., Liu, E., & Liang, J. C.
(2021). Effects of learning physics using Aug-
mented Reality on students’ self-efficacy and
conceptions of learning. British Journal of Edu-
cational Technology, 52(1), 235-251.

Calavia, M. B., Blanco, T., & Casas, R. (2021). Foster-
ing creativity as a problem-solving competence
through design: Think-Create-Learn, a tool
for teachers. Thinking skills and creativity, 39,
100761.

Chen, S. Y, Lai, C. F, Lai, Y. H.,, & Su, Y. S. (2022).
Effect of project-based learning on develop-
ment of students’ creative thinking. The Inter-
national Journal of Electrical Engineering & Educa-
tion, 59(3), 232-250.

Chen, X. M. (2021). Integration of creative thinking
and critical thinking to improve geosciences
education. The Geography Teacher, 18(1), 19-23.

Chua, K. J., & Islam, M. R. (2021). The hybrid Project-
Based Learning-Flipped Classroom: A design
project module redesigned to foster learning
and engagement. International Journal of Me-
chanical Engineering Education, 49(4), 289-315.

Collins, R. (2014). Skills for the 21st Century: teaching
higher-order thinking. Curriculum & Leader-
ship Journal, 12 (14). Http:// Www. Curriculum.
Edu. Au/Leader/ Teaching_Higher_Order_Think-
ing, 374(14), 31.

Colomer, J., Serra, T., Canabate, D., & Bubnys, R.
(2020). Reflective learning in higher education:
Active methodologies for transformative prac-
tices. Sustainability, 12(9), 3827.

Corazza, G. E., & Glaveanu, V. P. (2020). Potential in
creativity: Individual, social, material perspec-
tives, and a dynamic integrative framework.
In Creative learning in digital and virtual environ-
ments (pp. 144-161). Routledge.

Demircioglu, T., Karakus, M., & Ucar, S. (2023). De-
veloping students’ critical thinking skills and
argumentation abilities through augmented re-
ality—based argumentation activities in science
classes. Science & Education, 32(4), 1165-1195.

Eroldogan, O. T., Glencross, B., Novoveska, L., Gaud-
éncio, S. P, Rinkevich, B., Varese, G. C., ... &
Rotter, A. (2023). From the sea to aquafeed:
A perspective overview. Reviews in aquacul-
ture, 15(3), 1028-1057.

Fitriani, A., Zubaidah, S., Susilo, H., & Al Muhdhar,
M. H. 1. (2020). PBLPOE: A Learning Model
to Enhance Students’ Critical Thinking Skills
and Scientific Attitudes. International Journal of
Instruction, 13(2), 89-106.

Fougt, S. S., Misfeldt, M., & Williamson Shaffer, D.
(2019). Realistic Authenticity. JI. of Interactive
Learning Research, 30(4), 477-504.

Gunawan, G., Harjono, A., Nisyah, M. A., Kusdi-
astuti, M., & Herayanti, L. (2020). Improv-
ing Students’ Problem-Solving Skills Using
Inquiry Learning Model Combined with Ad-
vance Organizer. International Journal of Instruc-
tion, 13(4), 427-442.

559

Gunn, T. M., Grigg, L. M., & Pomahac, G. A. (2008).
Critical thinking in science education: Can
bioethical issues and questioning strategies
increase scientific understandings? Journal of
Educational Thought, 42(2), 165-183.

Hagenkotter, R., Nachtigall, V., Rolka, K., & Rum-
mel, N. (2024). Model authenticity in learning
mathematical experimentation: how students
perceive and learn from scientist and peer mod-
els. European Journal of Psychology of Education,
0123456789.

Haryani, E., Coben, W. W., Pleasants, B. A., & Fet-
ters, M. K. (2021). Analysis of teachers’ re-
sources for integrating the skills of creativity
and innovation, critical thinking and problem
solving, collaboration, and communication in
science classrooms. Jurnal Pendidikan IPA Indo-
nesia, 10(1), 92-102.

Hernandez-Torrano, D., & Ibrayeva, L. (2020). Cre-
ativity and education: A bibliometric mapping
of the research literature (1975-2019). Think-
ing Skills and Creativity, 35(September 2019),
100625.

Herrington, J., Bozalek, V., Ng’ambi, D., Wood, D.,
Hardman, J., & Amory, A. (2015). Activity theo-
ry , authentic learning.

Hetherington, L., Chappell, K., Ruck Keene, H.,
Wren, H., Cukurova, M., Hathaway, C., ... &
Bogner, F. (2020). International educators’ per-
spectives on the purpose of science education
and the relationship between school science
and creativity. Research in Science & Technological
Education, 38(1), 19-41.

Huang, Y. M., Silitonga, L. M., & Wu, T. T. (2022). Ap-
plying a business simulation game in a flipped
classroom to enhance engagement, learning
achievement, and higher-order thinking skills.
Computers and Education, 183, 104494,

Hutabarat, Z. S., & Phongsavath, P. (2023). Students’
Perceptions About Teaching Profession: Emo-
tional Intelligence, Critical Thinking, and Lo-
cus of Control. Journal of Innovation in Educa-
tional and Cultural Research, 4(2), 191-199.

Jansen, T. J. M. (2022). Teacher judgments in school
exams: Influences of students’ lower-order-
thinking skills on the assessment of students’
higher-order-thinking skills. Teaching and Teach-
er Education, 111, 103616.

Kapici, H. O., Akcay, H., & de Jong, T. (2020). How
do different laboratory environments influence
students’ attitudes toward science courses and
laboratories? Journal of Research on Technology in
Education, 52(4), 534-549.

Karan, E., & Brown, L. (2022). Enhancing Student’s
Problem-Solving Skills through Project-Based
Learning. Journal of Problem Based Learning in
Higher Education, 10(1), 74-87.

Kennedy, T. J., & Sundberg, C. W. (2020). 21st century
skills. Science education in theory and practice: An
introductory guide to learning theory, 479-496.

Kerans, G., Sanjaya, Y., Liliasari. (2024). Authentic
Inquiry in Science Education Between 2003 and



560

2023 : A Bibliometric Analysis Use RStudio. 2024,
91-101.

Kerans, G., Yayan S., Liliasari, Joko, P., Yustinus,
G.A. (2024). Effect of Substrate and Water on
Cultivation of Sumba Seaworm (Nyale) and
Experimental Practicum Design for Improv-
ing Critical and Creative Thinking Skills of
Prospective Science Teacher in Biology and
Supporting Sustainable Development Goals
(SDGs). ASEAN Journal of Science and Engineer-
ing, 4(3), 383-404.

Kowalski, J. R., Hoops, G. C., & Johnson, R. J. (2016).
Implementation of a collaborative series of
classroom-based undergraduate research expe-
riences spanning chemical biology, biochemis-
try, and neurobiology. CBE Life Sciences Educa-
tion, 15(4), 1-17.

Krishnan, P. (2024). A review of the non-equivalent
control group post-test-only design. Nurse re-
searcher, 32(1).

Kwangmuang, P., Jarutkamolpong, S., Sangboon-
raung, W., & Daungtod, S. (2021). The de-
velopment of learning innovation to enhance
higher order thinking skills for students in Thai-
land junior high schools. Heliyon, 7(6).

Larraz-Rabanos, N. (2021). Development of creative
thinking skills in the teaching-learning pro-
cess. Teacher education-New perspectives, 307-322.

Levin-Goldberg, J. (2012). Teaching Generation TechX-
with the 4Cs: Using Technomogy to Integrate 2lst
Century Skills. 1, 59-66.

Li, B, Jia, X., Chi, Y., Liu, X., & Jia, B. (2020). Proj-
ect-based learning in a collaborative group can
enhance student skill and ability in the bio-
chemical laboratory: a case study. Journal of
Biological Education, 54(4), 404-418.

Lin, L., Shadiev, R., Hwang, W. Y., & Shen, S. (2020).
From knowledge and skills to digital works: An
application of design thinking in the informa-
tion technology course. Thinking Skills and Cre-
ativity, 36, 100646.

Lopera, H. A. C., Gutiérrez-Velasquez, E., & Balleste-
ros, N. (2022). Bridging the gap between theory
and active learning: a case study of project-
based learning in introduction to materials sci-
ence and engineering. [EEE Revista Iberoameri-
cana de Tecnologias del Aprendizaje, 17(2),
160-169.

Lu, K., Yang, H. H., Shi, Y., & Wang, X. (2021). Ex-
amining the key influencing factors on college
students’ higher-order thinking skills in the
smart classroom environment. International
Journal of Educational Technology in Higher Edu-
cation, 18(1), 1-13.

Macdiarmid, R., Merrick, E., & Winnington, R.
(2024). Using unfolding case studies to develop
critical thinking for Graduate Entry Nursing
students: an educational design research study.
BMC Nursing, 23(1), 1-10.

Madrazo, A. L., & Dio, R. V. (2020). Contextual-
ized Learning Modules in Bridging Students’
Learning Gaps in Calculus with Analytic Ge-

G. Kerans, Y. Sanjaya, L. Liliasari, Y. G. Ate / JPII 13 (4) (2024) 551-561

ometry through Independent Learning. Journal
on Mathematics Education, 11(3), 457-476.

Mian, S. H., Salah, B., Ameen, W., Moiduddin, K.,
& Alkhalefah, H. (2020). Adapting universi-
ties for sustainability education in industry 4.0:
Channel of challenges and opportunities. Sus-
tainability, 12(15), 6100.

Mierwald, M., Lehmann, T., & Brauch, N. (2022).
Writing about the past: the impact of different
authentic instructional material on students’
argument writing in history. European Journal of
Psychology of Education, 37(1), 163—184.

Nachtigall, V., & Rummel, N. (2021). Investigating stu-
dents’ perceived authenticity of learning activi-
ties in an out-of-school lab for social sciences:
a replication study. In Instructional Science (Vol.
49, Issue 6).Herna

Nascimento Corte, G., & Amaral, A. C. Z. (2023).
Benthic Invertebrate Macrofauna. In Brazilian
Sandy Beaches (pp. 91-126). Cham: Springer In-
ternational Publishing.

Nunes, J. C., Ordanini, A., & Giambastiani, G. (2021).
The concept of authenticity: What it means to
consumers. Journal of Marketing, 85(4), 1-20.

Nurkhin, A., & Pramusinto, H. (2020). Problem-Based
Learning Strategy: Its Impact on Students’
Critical and Creative Thinking Skills. European
Journal of Educational Research, 9(3), 1141-1150.

Onowugbeda, F. U., Okebukola, P. A., Agbanimu, D.
O, Ajayi, O. A., Oladejo, A. 1., Awaah, F,, ... &
Ige, A. M. (2024). Can the culturo-techno-con-
textual approach (CTCA) promote students’
meaningful learning of concepts in variation
and evolution?. Research in Science & Technologi-
cal Education, 42(2), 395-411.

Pefia-Ayala, A. (2021). A learning design coopera-
tive framework to instill 21st century educa-
tion. Telematics and Informatics, 62, 101632.

Pombo, A., Baptista, T., Granada, L., Ferreira, S. M.,
Gongalves, S. C., Anjos, C., ... & Costa, J. L.
(2020). Insight into aquaculture’s potential of
marine annelid worms and ecological con-
cerns: a review. Reviews in Aquaculture, 12(1),
107-121.

Rabanos, N. L., Laborda, J. L. A., & Salvador, J. C.
(2020). Creative Skills In Undergraduate Primary
Education Students. 96-101.

Rahayu, M., & Rustiami, H. (2017). Etnobotani Ma-
syarakat Samawa Pulau Sumbawa. Scripta Bio-
logica, 4(4), 235.

Roach, K., Tilley, E., & Mitchell, J. (2018). How au-
thentic does authentic learning have to be?
Higher Education Pedagogies, 3(1), 495-509.

Rosen, Y., Stoeffler, K., & Simmering, V. (2020).
Imagine: Design for creative thinking, learn-
ing, and assessment in schools. Journal of Intel-
ligence, 8(2), 16.

Sanchez-Muiioz, R., Carrio, M., Rodriguez, G., Pérez,
N., & Moyano, E. (2022). A hybrid strategy
to develop real-life competences combining
flipped classroom, jigsaw method and project-
based learning. Journal of Biological Education,



G. Kerans, Y. Sanjaya, L. Liliasari, Y. G. Ate / JPII 13 (4) (2024) 551-561

56(5), 540-551.

Siedlecki, S. L. (2020). Quasi-experimental research
designs. Clinical Nurse Specialist, 34(5), 198-202.

Simon, C. A., Muthumbi, A. W., Kihia, C. M., Smith,
K. M., Cedras, R. B., Mahatante, P. T,, ... &
Katikiro, R. (2021). A review of marine inverte-
brates used as fishing baits and the implications
for national and regional management in the
Western Indian Ocean. African Zoology, 56(4),
237-263.

Southworth, J. (2022). Bridging critical thinking
and transformative learning: The role of per-
spective-taking. Theory and Research in Educa-
tion, 20(1), 44-63.

Stephenson, N. S., & Sadler-Mcknight, N. P. (2016).
Developing critical thinking skills using the Sci-
ence Writing Heuristic in the chemistry labora-
tory. Chemistry Education Research and Practice,
17(1), 72-79.

Sutiani, A., Situmorang, M., & Silalahi, A. (2021).
Implementation of an inquiry learning model
with science literacy to improve student critical
thinking skills. International Journal of Instruc-
tion, 14(2), 117-138.

Szabo, Z. K., Kortesi, P., Guncaga, J., Szabo, D., &
Neag, R. (2020). Examples of problem-solving
strategies in mathematics education supporting
the sustainability of 21st-century skills. Sustain-
ability, 12(23), 10113.

Tang, T., Vezzani, V., & Eriksson, V. (2020). Develop-
ing critical thinking, collective creativity skills
and problem solving through playful design
jams. Thinking Skills and Creativity, 37, 100696.

Tholibon, D. A., Nujid, M. M., Mokhtar, H., Rahim,
J. A., Rashid, S. S., Saadon, A., ... & Salam,
R. (2022). The factors of students’ involvement
on student-centered learning method. Interna-
tional Journal of Evaluation and Research in Edu-
cation, 11(4), 1637-1646.

Thornhill-Miller, B., Camarda, A., Mercier, M., Bur-
khardt, J. M., Morisseau, T., Bourgeois-Bou-
grine, S., ... & Lubart, T. (2023). Creativity,
critical thinking, communication, and collabo-
ration: assessment, certification, and promo-
tion of 21st century skills for the future of work
and education. Journal of Intelligence, 11(3), 54.

Thornhill-Miller, B., Camarda, A., Mercier, M., Bur-
khardt, J. M., Morisseau, T., Bourgeois-Bou-
grine, S., ... & Lubart, T. (2023). Creativity,
critical thinking, communication, and collabo-
ration: assessment, certification, and promo-
tion of 21st century skills for the future of work

561

and education. Journal of Intelligence, 11(3), 54.

Tiralongo, F., Marino, S., Ignoto, S., Martellucci, R.,
Lombardo, B. M., Mancini, E., & Scacco, U.
(2023). Impact of Hermodice carunculata (Pal-
las, 1766)(Polychaeta: Amphinomidae) on ar-
tisanal fishery: A case study from the Mediter-
ranean sea. Marine Environmental Research, 192,
106227.

Tous, M. D., & Haghighi, S. (2016). Developing critical
thinking with debate: Evidence from Iranian
male and female students. Informal Logic, 36(1),
64-82.

UNESCO. (2017). Education for Sustainable Develop-
ment Goals: learning objectives. In Education
for Sustainable Development Goals: learning
objectives.

Villarroel, V., Benavente, M., Chuecas, M. J., & Bru-
na, D. (2020). Experiential learning in higher
education. A student-centered teaching meth-
od that improves perceived learning. Journal of
University Teaching & Learning Practice, 17(5), 8.

Wechsler, S. M., Saiz, C., Rivas, S. F., Vendramini,
C. M. M., Almeida, L. S., Mundim, M. C,, &
Franco, A. (2018). Creative and critical think-
ing: independent or overlapping components?
Thinking Skills and Creativity, 27(January 2017),
114-122.

Willer, D. F., & Aldridge, D. C. (2020). From pest to
profit—the potential of shipworms for sustain-
able aquaculture. Frontiers in Sustainable Food
Systems, 4, 575416.

Winarso, W., & Haqq, A. A. (2020). Where Exactly
for Enhance Critical and Creative Thinking:
The Use of Problem Posing or Contextual
Learning. European Journal of Educational Re-
search, 9(2), 877-887.

Young, S. A., Newton, A. R., Fowler, S. R., & Park,
J. (2023). Critical thinking activities in Florida
undergraduate biology classes improves com-
prehension of climate change. Journal of Bio-
logical Education, 57(1), 184-195.

Yuan, R., Yang, M., & Stapleton, P. (2020). Enhanc-
ing undergraduates’ critical thinking through
research engagement: A practitioner research
approach. Thinking Skills and Creativity, 38(Sep-
tember), 100737.

Zachrich, L., Wagner, W., Bertram, C., & Trautwein,
U. (2024). Really? It depends! How authentic
learning material affects involvement with per-
sonal stories of the past. Learning and Instruc-
tion, 92(July 2023), 101921.



