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The purpose of this study was measured the Islamic university mathematics and science
teachers (IU-MSTs) perception on thinking and acting in 21st-century learning
(TA21stCL). An explanatory sequential mixed method design was used to conduct the
study. Data were collected by using TA21stCL questionnaires. The TA21stCL
questionnaire contains 16 indicators and 42 statements that consists of critical thinking
(CritT), problem-solving (PS), creativity (Creat), and metacognition (Metacog),
communicating (Comm), debating (Deb), collaborating (Col), digital literacy (DL), and
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technological literacy (TL). Data were obtained from a total of thirty-one IU-MSTS (the
subjects taught include math= 9, bio= 11, physics=8 and chemistry=3) that have taught
at Islamic universities located in the province of West Sumatra, Indonesia. To complete
the findings, participants were asked to answer several questions about the application
of 21st century skills in the learning process. Based on the ANOVA and Scheffe tests,
the differences in teacher perceptions based on teaching subject (T'S) were found on the
technology literacy factor (TechLit) with a score of 4,146 * at p<.05 and 2.59 in the
preferred teaching. The finding of the study showed that Islamic university mathematics

Eg%E and science teachers (IU-MSTs) stated that problem-solving (PS), creativity (Creat), and
@ @@@ g’é&:‘;’ technology literacy (TechLit) skills as 21st century skill were important competencies to

o R . . .

BY NC ND [EOIAARS be mastered at Islamic university. This finding showed that the 21st century skill were
important competencies to be mastered at Islamic university. In other words, the most
important competencies to be mastered by students in Islamic University, on thinking
skills was problem-solving (PS) and creativity (Creat), and on acting was technology
literacy (TechLit). This study also recommends the use variaty of learning methods in
21st century learning to equip students with problem-solving (PS) and creativity (Creat)
and Technological literacy (TechLit) skills.
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Introduction

Over the past two decades, educators have determined strategies to prepare students on how to navigate through the
increasingly globalized world and inter-connected landscape associated with the 21st century (Teo, 2019). Students
need helpful skills in order to deal with the competitive global changes, which are needed by students to prepare
themselves after graduating from college (Kaufman, 2013; Larson & Miller, 2011). Previous studies stated that many
21st century skills are needed by students such as problem-solving (Idawati et al. 2020; Amin et al. 2020; Son & Lee,
2020; Tursucu et al. 2020; Al-Hilli, 2019; Herde et al. 20106), critical thinking (Nur et al. 2020; Tiruneh et al. 2018;
Tiruneh et al. 2017; Suwono et al. 2017), metacognition (Al Gaseem at al. 2020; Tachie, 2019; Listiana et al. 20106),
creativity (Salehudin, 2019; Lucas, 2016; Ercikan & Olivery, 2016), computer and information literacy (Ainley et al.
20106; Fry & Seely, 2011). This explanation also shows that TA21stCL was hot topics which require adequate studies
related to mastering mathematics or science (Geisinger, 2010).
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Previous studies investigated the use of teaching strategies and determine the factors associated with learning
mathematics and science. Kan’an (2018) determined the relationship between Jordanian students' 21st-century skills
(Cs21) and academic achievement in science and found that female urban students performed better compared to
their rural male counterpart. In others, the students’ generic science skills are considered patt of their 21st-century
skills (Haviz et al. 2018). Teachers” actual and preferred perception of twenty-first century learning competencies in
China was also conducted by Sang et al. (2018). The findings of the study showed that an opportunity to investigate
TA21STCL with a variety of teaching subject, preferred and actual teaching.

According to Greenstein (2012), the TA21STCL framework was formed from thinking, acting and living (TAL).
The thinking skills consist of critical, problem-solving, creativity, and metacognition (Greenstein, 2012), which are
used for their development (Unver, 2015). Critical thinking is associated with any subject, content, or problem where
the participants skillfully improve the quality of their thinking by skillfully taking over the structure inherent and
imposing intellectual standards (Elder, 2007). In line with this, Greenstein (2012) also stated that critical thinking
includes the concept of analyzing information, applying strategies, ideas, logical inquiry, making conclusions,
evaluating evidence, accurate judgments, and analyzing assumptions.

In accordance with this, several articles on critical thinking have been conducted by Wartono et al. (2018). This
study shows that there are 5 indicators of critical thinking skills of high school students, namely basic clarification,
support, conclusions, further clarifications, and strategies. In another article, it showed that the analysis, evaluation,
inference, interpretation, explanation, and organization were used to determine students' critical thinking skills (Duran
& Dékme, 2016).

This is followed by the problem-solving skill, which is a basic process for identifying problems, considering
informed choices, making/implementing plans, and evaluating the results (Greenstein, 2012). The third thinking skill
is creativity which is mastered by students (Bakir & Oztekin, 2014). Its characteristics are as follows (a) curiosity, such
as probing, asking questions, searching for deeper meaning, (b) fluency, such as the production of a number of ideas,
(c) originality, which consists of fresh, unique or unusual ideas, (d) elaboration, such as ideas that display intensive
details or add to existing details, (e) imagination, e.g. dreaming, discovering new ideas or products, ingenuity and (f)
flexibility of various possibilities (Greenstein, 2012). Sener and Tas (2017) stated that there is a significant difference
between the test scores of the creative and control groups when compared before and after the teaching process.

The fourth thinking skill is metacognition which includes knowledge and process basis (Damar et al. 2015).
According to Greenstein (2012), in the classroom, this skill is directed, conscious, self-regulated and flexible. Students
'metacognitive abilities have been investigated by previous researchers, such as the implementation of group integrated
with the teaching strategy that maximizes the empowerment of students' skills (Listiana et al. 2016), which contribute
to cognitive learning outcomes far greater than the contribution of learning motivation (Bahri & Corebima, 2015).

Greenstein (2012) stated that acting is divided into communication, collaborative, digital, visual, and technology
literation. According to Common Core State Standards Initiative (2011) communication skills have been identified in
education practice, such as (a) identifying and using various types of verbal communication such as conversation,
debate, and persuasion, (b) engaging in constructive dialogue with others, (c) demonstrating effective communication
skills by paying attention, listening reflectively and comprehending, (d) identifying, using and understanding various
types of formal, informal and scientific written communication, (e) reading, viewing, and listening to multiple types
of media for various purposes, (f) producing effective communication through multiple media, such as oral, written,
visual, nonverbal and technological and (g) using persuasively communication to express views and preferences in
neutral manner.

The second acting skill is collaborative, which includes active listening skills, responding with respect, expressing
ideas clearly through various communication channels, and using these skills to reach consensus and compromise
(Greenstein, 2012). This is followed by the acting skills, which are digital literation, visual and technology. According
to Greenstein (2012), digital literacy is concerned with finding, using, selecting, evaluating, and visual literacy
developing when new forms of images emerge. It has multiple meanings, referring to the understanding and
production of digital images. Furthermore, it involves interpreting, expressing ideas, communicating through images,
evaluating, choosing and using appropriate tools with visual concepts and models.

According to the decision of the Directorate General of Islamic Education Ministry of Religion of the Republic
of Indonesia Number 2498 in year 2019, integrated learning was a characteristic of studying Islamic university in
Indonesia. Previously, this integrated instruction was developed independently by each Islamic university in Indonesia
Since 2016, IAIN Batusangkar Indonesia also implemented integrated learning. The application of Integrated
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instruction during the learning process refers to the university's integrative learning guidelines. The application of this
integrated learning improves student skills and learning outcomes. For example, research conducted by Haviz (2010)
and Haviz et al. (2012). Both studies have integrated embryology with the Quran at Islamic universities. Although
with different content, research conducted by Zainuddin & Perera (2017) and Holland & Piper (2014) are integrated
instruction researches on their respective content. For example, Zainuddin & Perera (2017) identified the differences
between a flipped classroom and a non-flipped classroom instructional model, and the results of the study showed
that the out of class activities included the sharing of short video clips uploaded on to the institutional learning
management system for students' access before class had successfully established the basic psychological needs of
self-determination theory.

However, a clear gap found in the application of integrated learning in Islamic universities is not yet clearly
determined the type of skills needed by students. If it is related to the application in class, there are not many reports
of studies on the application and type of skills needed by students. So, this study conducted to measure the perception
on thinking and acting in 21st-century learning (TA21stCL) post the implementation of integrated learning by Islamic
university mathematics and science teachers (1U-MSTs).

The purpose of this study was measured the Islamic university mathematics and science teachers (IU-MSTs)
perception on thinking and acting in 21st-century learning (TA21stCL). The perception of IU-MSTs measure based
on (a) teaching subject (TS) on the TA21stCL factor and (b) actual and preferred teaching with the TA21stCL factor.

Method
Research Design
An explanatory sequential mixed method design (Creswell, 2014) was used to conduct the study. In this study,
quantitative findings are followed by qualitative findings, and both findings atre strengthened by a more comprehensive
explanation. Thus, this study expects the study outcomes of deep understanding or a more in-depth understanding of
quantitative data.

Participants

Data were obtained from a total of thirty-one IU-MSTs (the subjects taught include math= 9, bio= 11, physics=8 and
chemistry=3) that have taught at Islamic universities located in the province of West Sumatra, Indonesia. These IU-
MST's were within the ages of 27-52 years old with an average age of M=32.25 and consist of 24 women and 7 men.
Furthermore, a total of 6 and 23 lecturers are doctorate and masters’ degree holders, respectively.

Data Collection Tools

Data were collected by using thinking and acting in 21st-century learning (TA21stCL) printed questionnaires. The
TA21stCL questionnaire contains 16 indicators and 42 statements that constructed from Greenstein (2012). The
thinking skill consists of critical thinking (CritT), problem-solving (PS), creativity (Creat), and metacognition
(Metacog), while the acting skills consist of communicating (Comm), debating (Deb), collaborating (Col), digital
literacy (DL), and technological literacy (TL). This questionnaire has a rating scale of 1-4, with the following details.
Level 1: emerging tier = 2.0 to 2.7 (initial, beginner, bad, serious error, incomplete), level 2: ability = 2.8 to 3.1
(developing, basic, fair, some misunderstanding, partially), level 3: skill = 3.2 to 3.5 (achieved, competent, good,
fulfilling the requirements, mostly complete), level 4: top-level = 3.6 to 4.0 (exemplary, advanced, outstanding, beyond
requirements, completely complete). To complete the findings, participants were asked to answer several questions
about the application of 215t century skills in the learning process. The question was developed from the findings of
previous studies.

Validity and Reliability

The validity and reliability tests used the CFA and alpha Cronbach methods to determine the goodness and structure
of the instrument used for the research data collection. For the TA21STCL questionnaire, the CFA test results on 9
factors namely Critical Thinking (CriT), Problem Solving (PS), Creativity (Creat), Meta Cognition (MetaCog),
Communication (Comm), Debate (Deb), Collaborating (Coll), Digital Literacy (DigLit) show that the instrument was
valid. From the data obtained, the validity score is in the range of 0.0 - 1.71. These results also show that the
pattern/structure coefficients for TA21STCL atre above 0.1 (see Table 1). The result of alpha Cronbach .923, N=42.

Data Analysis
ANOVA test was used to determine differences IU-MSTSs perceptions based on TS on the factor of TA21stCL. T-
test was used to determine IU-MST's perceptions of actual and preferred teaching with the factor of TA21stCL.
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Results

The results of studies on IU-MST's perceptions based on teaching subject (TS) on the TA21stCL factor are shown in
Table 2. In the mathematics subject, the lowest score of 2.21 (1.10), is found in the debating skill of the actual teaching.
Meanwhile, the highest score of 3.74 (0.65) is in communication skill. In biology, the lowest score of 2.94 (0.31), was
found in critical thinking skills, of actual teaching, while the highest was in the communication skills at3.89 (0.33) and
3.89 (0.55) is preferred and actual teaching. The score is also found in the collaborative skills, which is 3.89 (0.25), and
in the preferred teaching. In physics, the lowest and highest scores were found in the debating and literacy skill, at
2.11 (0.65), and in 4.25 (0.45), respectively. In chemistry, the lowest and highest scores were found in the debating
skill, at 2.67 (1.306), and 4.08 (0.14), respectively.

Based on the ANOVA and Scheffe tests, the differences in teacher perceptions based on teaching subject (TS)
were found on the technology literacy factor (TechLit) with a score of 4,146 * at P <.05 and 2.59 in the preferred
teaching. However, no differences were found in the critical thinking (CtiT), problem-solving (PS), creativity (Creat),
meta-cognition (MetaCog), communication (Comm), debate (Deb), collaboration (Coll) and digital literacy (DigLit).

The results of the studies on the differences in IU-MSTSs perceptions with actual and prefered teaching on the
TA21stCL factor are shown in Table 3. These findings showed that the differences in average scores and standard
deviations between actual and preferred teaching are only found in Critical Thinking (CritT) and Problem Solving (PS)
factors. In the Critical Thinking (CritT) factor, the average score and standard deviation are 3.12 (0.56), with a mean
score and standard deviation of 3.68 (0.47). The t-test score was found to be -3,959 ** and different at P <.01. Cohen's
d test scores were found to be 1.0980. Furthermore, in the Problem Solving (PS) factor, the average score and standard
deviation are found to be 3.14 (0.43), and 3.47 (0.52). The t-test score was found to be -2,496 ** and significantly
different at P <.01, with a Cohen's d test scores of 0.6923.

Then, the result about application of 21st century skills in the learning process with qualitative interview wrote on
Table 4. These finding showed that three question has answer by IU-MSTs with variety answers. For example, the
question “How is the application of critical thinking in the learning process” has answer by IU-MST's with ‘T consistently demonstrate
multiple skills when conducting evaluation, analysis and synthesis in the learning process”. The question “How is the application of
problem solving in the learning process?” has answer by IU-MSTs with ‘T apply problem solving skills (problem solving skills) in
various learning situations”. 'The question “How is the using information communication technology” has answer by IU-MST's with

“T understand and nse media and communication and information technology (ICT) to design or create guality learning products”.
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Table 1.
Pattern/ Structure Coefficients for Factor TA21stCL

Factor 2: Factor 4: Met Factor 5: Factor 7: Factor 9:
actor Factor 3: Creativity actor @ Vieta Commu- Factor 6: Debate Colla- Factor 8: Digital Literacy Technology
Problem Cognition S . o0 .
Solvine (PS (Creat) MetaC nication (Deb) borating (DigLit) Literacy
olving (PS) (MetaCog) (Comm) (Coll) (TechLit)

Factor 1: Critical
thinking (CriT)

A P A P A P A P A P A P A P A P A P

CritT 1 0.91 0.39
CritT 2 0.89 0.74
CritT 3 0.51 0.04
CritT 4 0.44 0.66
PS1 0.00 0.31
PS 2 0.20 0.12
PS3 0.36 0.66
PS 4 1.71 1.07
PS5 0.36 0.66
Creat 1 0.81 0.67
Creat 2 0.74 0.78
Creat 3 0.81 0.83
Creat 4 0.79 0.75
Creat 5 0.80 0.68
Creat 6 0.70 0.90
Creat 7 0.84 0.74
Creat 8 0.73 0.73
Creat 9 0.70 0.81
MetaCog 1 0.37 0.50
MetaCog 2 0.81 0.85
MetaCog 3 0.86 0.82
Com 1 0.90 0.90
Com 2 0.90 0.90
Deb 1 0.89 0.87
Deb 2 0.90 0.97
Deb 3 0.84 0.91
Deb 4 0.85 0.92
Deb 5 0.96 0.95
Deb 6 0.94 0.89
Coll 1 0.98 1.00
Coll 2 0.94 0.88
Coll 3 0.85 0.80
Coll 4 0.86 0.95
DigLit 1 0.67 0.49
DigLit 2 0.84 0.77
DigLit 3 0.91 1.04

DigLit 4 0.92 0.77
TechLit 1 0.75 0.79

TechLit 2 0.91 1.00
TechLit 3 0.79 0.74
TechLit 4 0.96 0.86
TechLit 5 0.87 0.74




Tabel 2.

TU-MSTs Perceptions based on Teaching Subject (1) on the T A21stCL Factor

CriT PS Creat MetaCog Comm Deb Coll DigLit Tech Lit
TA21stCL M, SD) (M, SD) M, SD) M, SD) (M, SD) (M, SD) M, SD) M, SD) (M, SD)
A P A P A P A P A P A P A P A P A P
Math 3.28 3.63 3.23 3.50 2.90 2.92 3.00 3.34 3.31 3.75 2.21 2.42 2.69 3.34 291 3.22 2.58 2.80
0.71) (0.48) 0.51) (0.64) (1.21) (1.25) (1.04) (1.08) (0.88) (0.65) (1.10) (1.16) (1.07) (1.06) (0.92) (1.08) 0849 (099
Bi 2.94 3.78 3.13 3.73 2.95 3.58 3.41 3.63 3.89 3.89 3.15 3.33 3.01 3.89 3.44 3.86 2.98 3.36
° (0.39) (0.36) (0.33) (0.33) 0.31) 0.27) (0.28) (0.39) (0.33) (0.55) (0.82) (0.98) (0.36) (0.25) (0.53) 0.47) 024 (109
Phy 2.92 3.63 3.07 3.10 3.05 3.54 2.45 2.50 3.42 3.67 2.20 2.11 3.04 3.04 4.17 4.25 3.93 4.03
s (0.47) (0.70) 045  (0.55 (0.36) 0.63) (105  (1.09 (128  (151) (069  (0.65  (1.63)  (1.63) 0.47) 045 (084  (0.88)
Chemist 3.58 3.67 3.07 3.33 3.00 3.22 3.33 3.44 3.67 3.83 2.67 2.83 3.75 4.08 3.83 4.00 3.20 3.20
cs (0.52) (0.38) 0.61)  (0.23) 0.33) 019 (058  (051) (029 (029  (136) (145  (0.66)  (0.14) 0.76) 0500  (053)  (0.53)
F (Anova) 1.58 0.17 0.18 2.06 0.05 12 1.84 2.23 0.8 0.09 1.81 2.00 1.48 1.28 4.146% 2.59 3.03 1.86
Scheffe test 1) <)
* P<.05, **¥P<.01, M = Mean, SD = Standar Deviation
Table 3.
The Differences in IU-MST’s Perceptions with Actual and Prefered Teaching on the T A21stCL. Factor
CriT PS Creat Metacog Comm Deb Coll DigLit TechLit
M, SD) M, SD) M, SD) (M, SD) (M, SD) M, SD) (M, SD) (M, SD) (M, SD)
Actual 3.12 (0.56) 3.14 (0.43) 2.97 (0.69) 3.05 (0.85) 3.58 (0.81) 2.58 (0.996) 3.21 (1.06) 3.49 (0.80) 3.10 (0.95)
Prefered 3.68 (0.47) 3.47 (0.52) 332 (0.8) 3.26 (0.91) 3.79 (0.83 2.71 (1.09) 3.55 (1.01) 3.77 (0.79) 3.32 (1.02)
t test -3.959%* -2.496%* -1.733 -0.845 -0.933 -0.442 -1.175 -1.263 -0.817
Cohen's d 1.0980 0.6923 0.4806 0.2344 0.2588 0.1226 0.3259 0.3503 0.2266

* P<.05, ¥*P<.01, M = Mean, SD = Standar Deviation
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Table 4.
Question and Some Teachers Answer about Application of 215t Century Skills in Learning Process
Question Some Teachers’ Answers
I have a problem or have difficulty in evalnating and analyzing information
How is the application of I am able to develop multiple types of critical thinking
eritical thinking in the learning [ routinely apply two components of critical thinking (critical thinking)
process I consistently demonstrate multiple skills when conducting evaluation, analysis and synthesis in the learning
process

I try to develop and follow the steps of problem solving (problem solving) and try to develop solutions

I was able to solve some of the problems, but needed help to find solutions to those problems

In general, I am able to provide solutions to problems in learning

I apply problem solving skills (problem solving skills) in various learning sitnations

I have difficulty selecting information and using information and communication technology (ICT)

I am still developing skills to access information and use commmunication and information technology (ICT)
How is the using information 1 understand and use media and communication and information technology (ICT) fo design or create quality
communication technology learning products

I very often use, access information and apply technology skills using varions communication and information
technology media (ICT)

How is the application of
problem solving in the learning
process?

Discussion and Conclusion
The results of studies on differences in teacher perceptions when actual teaching with preferred teaching about
thinking and acting factors in 21st century learning indicate that critical thinking and problem-solving competencies
become important competencies for students. This study shows that teachers have problems in the learning process.
In this study, TechLit was also a competency factor highly emphasized in learning mathematics and science. The
results of the studies on differences in IU-MST's perceptions based on teaching subject (TS) on thinking and acting
factors in 21st-century learning (TA21stCL) showed that IU-MSTs consider techLit as the most important
competency to be mastered by students, but techLit was also the most difficult factor to be taught to students in the
learning process. Thus, the special methods of teaching are needed to use in 21st century learning in Islamic University.

The findings of this study are in line with the research conducted by Afandi et al. (2019), which stated that there
are four competencies in The Indonesian Parnertships 21st Century Skills (IP-21CS) for prospective science teachers,
namely (1) 4Cs consisting of critical thinking, creative thinking, collaboration and communication, (2) ICT's consisting
of technology, media and information literacy, (3) spiritual values comprising of religious beliefs and spiritual
awateness, and (4) character building which consists of teachers' and scientific attitudes.

In this study, there was also a possibility that problem solving competencies are rarely taught by IU-MSTs. Even
though, problem solving skills need to be mastered by students. Because the problem-solving is an important
competency to be taught to students. In the learning process, problem-solving and creativity skill involves the
describing problems with in-depth and clarity, analyzing problems with an open mind, evaluating alternatives, and
considering various perspectives, gathering information for making decisions and developing plans, implementing and
monitoring with integrity and evaluating the results with willingness to review the problem (Greenstein, 2012).

Integrated learning is learning that explores student knowledge broadly by combining various subjects of
knowledge with environmental aspects, for example culture, communication, science, mathematics, social science,
music and art (Drake & Reid, 2018). Integrated learning is characterized by the unification and use of several materials,
strategies, methods, approaches and other aspects of learning (Haviz, 2016). The results of this study also show that
the application of integrative learning in the Islamic University curriculum is going well. This opinion is supported
from data from study results. Study data shows that lecturers expect their application to be good and also applied to
the learning process. These results can be seen from quantitative data and answers to questions raised during
interviews. Nevertheless, there are still lecturers who provide answers that have not been able to teach critical thinking,
problem solving and use ICT in the learning process.

In this study, the results of the validity and reliability of the TA21stCL valid and reliable. According to Taber
(2017), the results of this study show that the use of Cronbach's Alpha is relevant for reliable testing instruments used
to collect. The results of other studies show that surveys on students' petceptions of critical thinking, creative thinking
and authentic problem solving were dominant predictors in 21st-century learning practice (Chai et al. 2015; Jia et al.
2016; Ercikan & Oliveri, 2016).

The result of this study showed that Islamic university mathematics and science teachers IU-MSTSs) stated that
problem-solving (PS), creativity (Creat), and technology literacy (TechLit) skills as 21st century skill were important
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competencies to be mastered at Islamic university. In other words, the most important competencies to be mastered
by students in Islamic University, on thinking skills was problem-solving (PS) and creativity (Creat), and on acting was
technology literacy (TechLit).

Recommendations
This study recommends the use variaty of learning methods in 21st century learning to equip students with problem-
solving (PS) and creativity (Creat) and Technological literacy (TechLit) skills. The further research needs to be studied
specifically to examine 21st century skills in Islamic university separately, such as investigated critical thinking skills
integrated with ICT or research on investigating problem solving skills with ICT.

Acknowledgements
The authors gratefully acknowledge to all participants. This work was funded by IAIN Batusangkar.

Biodata of Authors

M. Haviz is an associate Professor. He holds a Dr. on science education in Universitas
Negeri Padang. He interests research about science education, teaching, learning strategy in
higher education and also biology education. Affiliation: Department of Biology Education,
Faculty of Science Education, Institut Agama Islam Negeri (IAIN) Batusangkar, Indonesia.
Email: mhaviz@iainbatusangkar.ac.id

Ika Metiza Maris holds Magister of Science from Institut Teknologi Bandung (ITB). She
interests research about algebra and mathematics education. Affiliation: Department of
Mathematics Education Faculty of Science Education, Institut Agama Islam Negeri (IAIN)

Batusangkar, Indonesia. Email: ikametizamaris@jiainbatusangkar.ac.id

References

Afandi, A., Sajidan, S., Akhyar, M., & Suryani, N. (2019). Development frameworks of the Indonesian partnership 21st-century
skills standards for prospective science teachers: A Delphi Study. Jurnal Pendidikan IPA Indonesia, 8(1), 89-100.

Ainley, J., Fraillon, J., Schulz, W., & Gebhardt, E. (2016). Conceptualizing and measuring computer and information literacy in
cross-national contexts. Applied Measurement in Education, 29(4), 291-309.

Al-Gaseem, M., Bakkar, B., & Al-zouby, S. (2020). Metacognitive thinking skills among talented science education students. Journal
Jor the Education of Gifted Young Scientists, 8(2), 897-904.

Al-Hilli, W. H. (2019). Using software’s and technology in solving mathematics problem to motivate and accelerate the learning
process. Eurasia Journal of Mathematics, Science and Technology Education, 15(3), em1670.

Amin, S., Utaya, S., Bachri, S., Sumarmi, S., & Susilo, S. (2020). Effect of problem-based learning on critical thinking skill and
enviromental attitude. Journal for the Education of Gifted Young Scientists, 8(2), 743-755.

Bahri, A., & Corebima, A. D. (2015). The contribution of learning motivation and metacognitive skill on cognitive learning
outcome of students within different learning strategies. Journal of Baltic Science Education, 14(4), 487-500.

Bakir, S., & Oztekin, E. (2014). Creative thinking levels of preservice science teachers in terms of different variables. Journal of
Baltic Science Education, 13(2), 231-242.

Chai, C. S., Deng, F., Tsai, P. S., & Koh, J. H. (2015). Assessing multidimensional students’ perceptions of twenty-first century
learning practices. Asia Pacific Education Review, 16(3), 389-398.

Common Core State Standards Initiative. (2011). _About the standards. Retrieved February 2, 2019 from
https:/ /www.cotestandards.org/about-the standards

Creswell, J. W. (2014). Research Design; Quantitative, Qualitative and Mixed Method Approaches (4th ed.). California: SAGE Publication,
Inc.

Damar, S. Y., Ozdemir, O. F., & Unal, C. (2015). Pre-service physics teachers’ metacognitive knowledge about their instructional
practices. Eurasia Journal of Mathematics, Science & Technology Edncation, 11(5), 1009-1026.

Drake, S. M., & Reid, J.L. (2018). Integrated curriculum as an effective way to teach 21st century capabilities. Asiz Pacific Journal of
Educational Research, 1(1), 31-50.

Duran, M., & Dékme, 1. (2016). The effect of the inquiry-based learning approach on student’s critical-thinking skills. Enrasia
Journal of Mathematics, Science & Technology Education, 12(12), 2887-2908. https://doi.org/10.12973/curasia.2016.02311a

Elder, L. (2007). _Another brief  conceptualization — of  critical  thinking. Retrieved February 12, 2018 from
https:/ /www.ctiticalthinking.org/ pages/defining-critical-thinking /766

1326


https://www.corestandards.org/about-the%20standards
https://doi.org/10.12973/eurasia.2016.02311a
https://www.criticalthinking.org/pages/defining-critical-thinking/766

Haviz & Maris Journal for the Education of Gifted Y oung Scientists 8(4) (2020) 1319-1328

Ercikan, K., & Oliveri, M. E. (2016). In search of validity evidence in support of the interpretation and use of assessments of
complex constructs: discussion of research on assessing 21st century skills. Applied Measurement in Education, 29(4), 310-318.
https://dx.doi.otg/10.1080/08957347.2016.1209210

Fry, S., & Seely, S. (2011). Enhancing presetvice elementary teachers' 21st-century information and media literacy skills. Action in
Teacher Education, 33(2), 206-218. https:/ /dx.doi.org/10.1080/01626620.2011.569468

Geisinger, K. F. (2016). 21st century skills: What are they and how do we assess them? _Applied Measurement in Education, 29(4),
245-249. https://dx.doi.org/10.1080/08957347.2016.1209207

Greenstein, L. (2012). Assesing 215t century skill. A guide to evaluating mastery and anthentic learning. California: SAGE Company.

Haviz, M. (2016). Designing and developing the integrated learning model on embryology. Transylvanian Review, 24(7), 1043-1052.
https://transylvanianteviewjournal.org/index.php/ TR/ atticle/view /2998

Haviz, M., Karomah, H., Delfita, R., Umar, M. I. A., & Maris, I. M. (2018). Revisiting generic science skills as 21st century skills
on biology learning, Jurnal Pendidikan IPA Indonesia, 7(3), 355-363.
https:/ /journal.unnes.ac.id/nju/index.php/jpii/article /view /12438

Haviz, M., Lufri, Fauzan, A., & Efendi, Z. M. (2012). Pengembangan model pembelajaran integratif pada biologi perkembangan
hewan: analisis kebutuhan pengembangan. Ta'dib, 15(1), 1-14.
https://ecampus.iainbatusangkar.ac.id/ojs/index.php/takdib/article/viewFile /213 /212

Herde, C.N., Wiistenber, S & Greiff, S. (2016). Assessment of complex problem solving: what we know and what we don’t know.
Applied Measurement in Education, 29(4), 265-277. https:/ /doi.otg/10.1080/08957347.2016.1209208

Holland, D. D., & Piper, R. T. (2014). A technology integration education (TTE) model: Millennial preservice teachers’ motivations
about technological, pedagogical, and content knowledge (TPACK) competencies. Journal of Educational Computing Research,
51(3), 257-294. https://doi.otg/10.2190/ec.51.3.2

Idawadi, 1., Setyosari, P., Kuswandi, D., & Ulfa, S. (2020). Investigating the effects of problem-solving method and cognitive
flexibility on improving university students” metacognitive skills. Journal for the Education of Gifted Young Scientists, 8(2), 651-665.
https://doi.org/10.17478 /jegys.652212

Jia, Y., Oh, Y. J., Sibuma, B., LaBanca, F., & Lorentson, M. (2016). Measuring twenty-first century skills: development and
validation of a scale for in-service and pre-service teachers. Teacher Development; An International Jonrnal of Teachers' Professional
Development, 20(2), 229-252. https:/ /dx.doi.otg/10.1080/13664530.2016.1143870

Kan’an, A. (2018). The relationship between Jordanian students’ 21 st century skills (Cs21) and academic achievement in science.
Journal of Turkish Science Education, 15(2), 82-94. https://dol.org/10.12973 /tused.10232a

Kaufman, K. J. (2013). 21 ways to 21st century skills: Why students need them and ideas for practical implementation Journal.
Kappa Delta Pi Record, 49(2), 78-83. https://dx.doi.org/10.1080/00228958.2013.786594

Larson, L. C., & Miller, T. N. (2011). 21st century skills: Prepare students for the future. Kappa Delta Pi Record, 47(3), 121-123.
https://dx.doi.otg/10.1080/00228958.2011.10516575

Listiana, L., Susilo, H., Suwono, H., & Suarsini, E. (2016). Empowering students’ metacognitive skills through new teaching
strategy (group investigation integrated with think talk write) in biology classroom. Journal of Baltic Science Education, 15(3), 391-
400. http:/ /journals.indexcopernicus.com/abstract.phpricid=1211248

Lucas, B. (2016). A five-dimensional model of creativity and its assessment in schools. Applied Measurement in Edncation, 29(4), 278-
290. http://dx.doi.org/10.1080/08957347.2016.120920

Nur, S., Zubaidah, S., Mahanal, S., & Rohman, F. (2020). ERCoRe learning model to improve creative-thinking skills of preservice
biology teachers. Journal for the Education of Gifted Young Scientists, 8(1), 549-569. https://doi.org/10.17478 /jegys.673022

Salehudin, M. (2019). The influence of creative learning assisted by instagram to improve middle school students’ learning
outcomes of graphic design subject. Jowrnal for the Education of Gifted Young Scientists, 7(4), 849-865.
https://dx.doi.org/10.17478 /jegys.626513

Sang, G., Liang, J. C., Chai, C. S., Dong, Y., & Tsai, C. C. (2018). Teachers' actual and preferred perceptions of twenty-first century
learning competencies: A Chinese petspective. Asia Pasific Education Review, 19(3), 307-317. https://doi.org/10.1007 /512564~
018-9522-0

Son, J., & Lee, M.Y. (2020). Exploring the relationship between presetrvice teachers’ conceptions of problem solving and their
problem-solving petformances. Int. | of Sci and Math Edue. https:/ /doi.org/10.1007 /s10763-019-10045-w

Suwono, H., Pratiwi, H. E., Susanto, H., & Susilo, H. (2017). Enhancement of students’ biological literacy and critical thinking of
biology  through socio-biological case-based learning.  Jurmal — Pendidikan — IPA  Indonesia,  6(2), 213-220.
https://doi.org/10.15294 /jpii.v6i2.9622

Taber, K. S. (2017). The use of Cronbach’s alpha when developing and reporting research instrument in science education. Res.
Sei. Edue. 48(6):1273-1296. https://doi.org/10.1007/5s11165-016-9602-2

Tachie, S. A. (2019). Meta-cognitive skills and strategies application: How this helps learners in mathematics problem-
solving. Eurasia Journal of Mathematics, Science and Technology Edncation, 15(5), em1702. https://doi.org/10.29333/ejmste/ 105364

Teo, P. (2019). Teaching for the 21st century: A case for dialogic pedagogy. Learning, Culture and Social Interaction, 21, 170-178.
https://doi.org/10.1016/j.1cs1.2019.03.009

Tiruneh, D.T., De Cock, M. & Elen, J. (2018). Designing learning environments for critical thinking: Examining effective
instructional approaches. Int | of Sci and Math Edne 16(6), 1065-1089. https://doi.otg/10.1007/s10763-017-9829-2

Tiruneh, D.T., De Cock, M., Weldeslassie, A.G., Elen. J., & Janssen, R. (2017). Measuring critical thinking in physics:
Development and validation of a critical thinking test in electricity and magnetism. In¢ | of S¢i and Math Educ 15(4), 663—682.
https://doi.org/10.1007/s10763-016-9723-0

Tursucu, S., Spandaw, J., de Vries, M. J. (2020). The effectiveness of activation of prior mathematical knowledge during problem-
solving in  physics. Ewrasia  Journal ~— of  Mathematics, — Science  and  Technology — Education, 16(4),  em1837.
https://doi.org/10.29333 /ejmste /116446

1327


https://dx.doi.org/10.1080/08957347.2016.1209210
https://dx.doi.org/10.1080/01626620.2011.569468
https://dx.doi.org/10.1080/08957347.2016.1209207
https://transylvanianreviewjournal.org/index.php/TR/article/view/2998
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/12438
https://ecampus.iainbatusangkar.ac.id/ojs/index.php/takdib/article/viewFile/213/212
https://doi.org/10.1080/08957347.2016.1209208
https://doi.org/10.2190/ec.51.3.a
https://doi.org/10.17478/jegys.652212
https://dx.doi.org/10.1080/13664530.2016.1143870
https://doi.org/10.12973/tused.10232a
https://dx.doi.org/10.1080/00228958.2013.786594
https://dx.doi.org/10.1080/00228958.2011.10516575
http://journals.indexcopernicus.com/abstract.php?icid=1211248
http://dx.doi.org/10.1080/08957347.2016.120920
https://doi.org/10.17478/jegys.673022
ttps://dx.doi.org/10.17478/jegys.626513
https://doi.org/10.1007/s12564-018-9522-0
https://doi.org/10.1007/s12564-018-9522-0
https://doi.org/10.1007/s10763-019-10045-w
https://dx.doi.org/10.15294/jpii.v6i2.9622
https://doi.org/10.1007/s11165-016-9602-2
https://doi.org/10.29333/ejmste/105364
https://doi.org/10.1007/s10763-017-9829-z
https://link.springer.com/article/10.1007/s10763-016-9723-0#auth-4
https://link.springer.com/article/10.1007/s10763-016-9723-0#auth-5
https://doi.org/10.1007/s10763-016-9723-0
https://doi.org/10.29333/ejmste/116446

Haviz & Maris Journal for the Education of Gifted Y oung Scientists 8(4) (2020) 1319-1328

Unver, A. O. (2015). Thinking in terms of variables: the concept of the shadow. Journal of Baltic Science Education, 14(3), 295-310.
https:/ /journals.indexcopernicus.com/abstract.phpricid=1161058

Wartono, W., Hudha, M. N., & Batlolona, J. R. (2018). How are the physics critical thinking skills of the students taught by using
inquiry-discovery through empirical and theorethical overview? Eurasia Journal of Mathematics Science and Technology, 14(2), 691-
697. https://doi.otg/10.12973/ejmste /80632

Zainuddin, Z., & Perera, C. J. (2017). Exploring students’ competence, autonomy and relatedness in the flipped classroom
pedagogical model. Journal of Further and Higher Education, 43(1), 115-126. http://dx.doi.org/10.1080/0309877X.2017.1356916

1328


https://journals.indexcopernicus.com/abstract.php?icid=1161058
https://doi.org/10.12973/ejmste/80632
http://dx.doi.org/10.1080/0309877X.2017.1356916

