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Assessing Prospective Biology Teachers’ (PBTs) Perception on Thinking as
21st Century Skill; A Case Study Islamic University in Indonesia

ABSTRACT

The explanatory mixed method was conducted to assess prospective biology teachers’ (PBTs) pereeption on
thinking as 21st century skills. Data were collected using a quantitative survey method, and an interview with PBTs
from Islamic Univesity. A total of 168 (14 men and 154 women) from 195 PBTs participated in filling out the
questionnaire. The questionnaire consisted 24 statements of aspects of critical thinking, problem solving, creativity,
metacognition of the 21* century skill, The confirmatory factor analysis (CFA)and alpha Cronbach tests was used 1o
determine the quality of the instrument. Statisitic descriptive, anova and correlation test was conducted fo analyze the
quantitative data. Triangulation was conducted on the results of the intervi ie tesults of the study indicate that
() most male and female PBTs at slamic universities have high skill in citica thinking '
male and female PHTS at Islamic universities have insufficient skills in problem solving 1
tesults of this study also showed that there is no relationship between gender and PBTS skills.

Keywords, prospective biology teachers (PBTs), thinking, 21st century skill

INTRODUCTION

In education, the assesing of 21st century skills was the imporant issue (Geisinger, 2016), because 113 wus
conducted as a key concept and slogan in the field of education based 21st century skills (Greiff & Kyllonen, 2016).
Teo (2019) also stated that over the past two decades, educators have determined strategies o prepare students and
prospective teachers on how to navigate through the increasingly globalized world and inter-connected landscape
associated with the 218t century. Because in the future, students needéed this skills (Larson & Miller, 2011).
Additionally, Wang et al. (2018) reported that 21st century skills in the curriculum have also become an important
issue throughout the world. Thus, these explanations show that other studies of 21st century skills from various
perspectives and important fields are to be carried out, including in studies of 21stcentury skills involving prospective
teacher students in the field of biclogy learing

The authors his found & number of previous studies that have studied about 215t century skill for prospective
biology teachers, such as; critical thinking (Maryuningsih et al , 2019, Fitriani et al., 2019}, metacognitive (Chang et
al, 2020; Listiana et al , 2016); ICT (Aslan & Zhu, 2017), problem solving (Nawani etal | 2019), generic science skill

o LIl

(Haviz ct al.. 2018}, and creativity (Lucas, 2016). Maryuningsih et al. (2019) conducted quasi-experimental h
1o investigate the level of eritical thinking skills (CTS) of 37 PBTs through online genetic discussion forums, and the
results of research showed that the level of critical thinking skills of PBTs has increased based on the nature of
chromosome inhiertance learning through online discussion forums Then, Fitriani et al, (2019) conducted research
an the exploration of critical thinking of teacher candidates and critical analysis skills based on gender in anatomy and
plant development courses, and the results showed that the PBTs critical thinking and critical analysis skills were
underdéveloped and also found a positive correlation between the prospective teacher's critical thinking and critical
analysis skills. Aslan & Zhu (2017) investigated that predicting variables Turkish pre-service science and other
teachers’ integration of ICT into teaching practice, and found that the use of ICT in pre-service teacher teaching
programs increased the pedagogical ability of pre-service teachers Chang et al (2020) condueted a study of
miefacognitive inquiry activities o teach the central dogma concept of DNA replication and protein synthesis based
on the memcognitive leaming eycle (M1.C) for students, and the results of this study showed that students’
metacognition was expressed during the investigation process. Listiana et al, (2016) conducted a quasi-experimental
research to compare the effect of group investigation (GI) strategy, think talk write, group investigation integrated
with think talk write and conventional method on the students’ metacognitive skills empowerment in biology
classroom, and the results of the research showed that the implementation of teaching strategies had an effect 1o
empower students' metacognitive skills

These studies reported that also the importance of 215t century skills in learning biology. However, these
studies have not classified the skills into a clearer terminology, Also, these studies only explore one skill in learning
biology. In fact, many exploratory studies of 21st century skills can be done by teachers in the leamning process.
According to the authors, the terminology is needed to facilitate teachers integrating skills into the design and learning
process. In addition, because the integrated learning process equips students with more competence (Zainuddin &
Attaran, 2015), Thus, it is necessary to conduet studies that explore the 215t century skills more broadly, for example




examining the types of skills required by PBTs. In addition, the study should begin with a study of the development
of 2181 century student skills and assessment instruments (Sondergeld & Johnson, 2019)

In this study, the authors follow the opinions and results of studies that have been written by Sondergeld and
Jhonson (2019), where the importance of assessing the development and validation of 2158 century skills using various
methods and approaches. The results of the Sondergeld and Jhonson's study (2019) also showed that there are
processes of planning, development, quantitative and qualitative tests and validation of J1st century skil instruments.
In this study, the authors examine thinking as a 218t century skill written by Greenstein (2012) According to
Greenstein (2012), there are three classifications of 218t century skills; thinking, acting and living are determined
based on four skill levels, In this study, the use of different level of skills 1s assumed (o be efTective 1o capture respanses
of PBTs at [slantic universities in Indonesia. Because the 2181 century skil assessment is effectively used ar different
levels of education

In this study, also the authors investigated the relationship between gender and 21Ut century skills of PBTs,
Because the authors found differences in the results of studies reported by previous researchers who had examined the
relationship between gender and skill, or/and gender with achievement. Although, it is still being studied and debated,
it is found that there are gaps in the learning outcomes of male and female students (Pederson, 2019; Alfarhan &
Dauletova, 2019). For example, Kan'an (2018) results showed that there was a statistically sigmificant difference
betwetn female and male students’ mean scores of the Jordanian students’ 21 sticentury skills (Cs21). Also, Sladek et

al. (2010) reported that there are gender and age differences in the thinking process, of men, adults, and teenagers. In
addition, the results of other studies show that the ability to analyze nnd draw conclusions for male PBTSs is more
better than female PBTs (Fitriani etal , 2019). The findings of these three studies are understood as a form of a positive
relationship between age and creative performance of students (Warren et al , 2018). However, the results of other
previous studies also showed that there is no relationship between gender and leaming outcomes (Reese et al,, 2001,
Ai, 1999, Rejskind et al,, 1992). For examples, Rejskind etal (1992) stated that no gender differences were found on
the measures of personality and cognitive style, and no sigmificant association was found between cognitive style and
personality.

These explanation show that there is gap that can be explore with this study, This study will be approved these
explanations. The three research objectives was 1o assesing; (1) the quality of the thinking skills instrument of PBTs;
(2) the profile of the thinking skills of PETs; and (3) the difference in the thinking skills of male and female PBTs.

Integrated Instruction at the Islamic University of indonesia

Integrated instruction is learming that explores student knowledge broadly by combining various subjects of
knowledge with environmental sspects, for example culture, commumication, science, mathematics, social science,
music and art (Drake & Reid, 2018), Haviz (2016) explains that learning 15 characterized by the unifioation and use
of several materials, strategies, methods, approaches and other aspects of learning. According 1o the decision of the
Directorate General of Islamic Education Ministry of Religion of the Republic of Indonesia Number 2498 in year
2019, integrated instruction 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 also
implemented integrated instruction.

The application of Integrated instruction dunng the learning process refers fo the university’s integrative
learning guidelines. The application of this integrated instrution improves student skills and learning outcomes. For
example, research conducted by Haviz (2016) and Haviz et al. (2012), Both studies have infegrated embryology with
the Quran st Islamic universities, There are integrated instruction researches on their different respective content
(Zainuddin & Perera, 2017, Agyei & Voogt, 2015; Holland & Piper, 2014), 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
mstitutional learning management system for students' access before class had succesfully established the basic
psychological needs of self determination theory

However, & clear gap found in the application of integrared instruction i Islamic universities 1s 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 investigates the skills required by
PBTs at Islamic universities after the implementation of integrated instruction.

Thinking as 21st Century Skill
Thinking skills are part of the thinking, acting and living (TAL) framework, that concist of eritical, problem-
solving, creativity, and metacognition. In addition, eritical thinking includes the concept of analyzing information,




applving straregies, ideas, logical inquiry,..etc; problem solving is a basic process of identifying and choosing
prablems to be solved based on work understanding, brainstorming, choosing solutions, making plans,..ete and
creafivity includes curiosity, fluency, originality, elaboaration, imagination and flexibility (Greenstein, 2012),
According to Elder (2017), eritical thinking is associated with any subject, content, or problem where the
participants skilifully improve the quality of their thinking. Also, there are 5 parts to critical thinking skills,
clarification, support, conclusions, further clarification, and strategy (Wartono et al,, 2018, Duran & Dokme, 2016).
Bakir & Ozetekin (2014) state that creativity is an important skill for prospective teachers. Because creativity is a
process of experience, limitation of habits, new ways and flexibility in solving problems (Belanger etal., 2011).

The fourth thinking skill is metacognition. Metacognition includes two components, knowledge and process
based leaming (Damar et gl., 2015), In the classroom, aspects of metacognition are directed, forward-looking,
conscious, self-regulated and flexible (Greenstein, 2012), Also, metacognitive skills contribute to student |learning
outcomes (Bahr & Corebima, 2015). Thus, un explanation of thinking as 21st century skills was summarized in Table
|. Table 1 illustrated the conceptual of four of thinking skills:

Table |, The Four of Thinking Skill

Critical thinking Apply, evaluntion, use of data, analysis, synthesis
. Identify the problem, appli¢s problem solving, identifies solutions, evaluates
Thinking Frubleln soitiag luti defends soluti pplications, inductive and deductive reasoning
skill Creativi Curlosity, fluency, originality, elaboration, flexibility, divergents,
W messinessirisk taking
M gnition Feflective, aware of thinking, ghts and style, using g
METHODS

This study used a mixed method, with an explanatory sequentinl design (Creswell, 2014) The teason for
choosing this design is because quantitative findings are follewed by qualitative findings, and both findings are
strengthened by a more comprehensive explananon Thus, this study expects the study outcomes of deep
understanding or a more in-dept understanding of quantitative data.

This research utilized the quantitative method with a descriptive survey. A total of 168 (14 men and 154
women) from 195 PBTs participated in filling out the questionnaire. The goodness level of the research participants
was in 2.82 %. The questionnaire consisted 24 statements of aspects of critical thinking, problem solving, creativity,
metacognition of the 21 century skill (Greenstein, 2012). The questionnaire has a rating scale of 14, and the four
levels were broadly described in Table 2.

Table 2. Rubric Terminology of 21st Century Skill

Level 4 Level 3 Level 2 Level |
Top tier=3.61w04.0 skilled ber =32 w035 ahlener=28tw 3 | emergmg tier =2 01w 27
Exemplary Accomplished Dieveloping Beginning
Advanced Proficient Basic Novice
Excellent Good Fair Poor
goes beyond req) meets req ‘some misconception SETIOUS SITor
fully complete mostly complete Partial Incomplete

To determine the validity of the instrument used the CFA Test This test is often used to determine the quality
of instn ts and is considered a credible way by previous researchers such as Suhir (2018); Chai et al. (2015); Jia et
al, (2016); and Sang et al. (2018). The Cronbach Alpha test was used to determine the reliability of the instrument. To
determine the PBTs thinking skill profile in the form of average values and standard deviations, raw data were
analyzed with descriptive statistics. PBT skill levels are displayed as a percentage. Anova test was used to determine
differences in male and female PBTs thinking skills. And, the correlation test 15 used 1o determine the relationship
between gender and thinking factors,

In the qualitative test, in-depth interviews were conducted with 5 male PBTs and 7 female PBTs. Interviews
were conducted separately between one respondent and another respondent Interview questions given to respondents
were developed according to the questionnaire indicators in the quantitative test Triangulation was conducted on the
results of the interview. Steps such as verification, display and conclusion drawing from data are curried out to obtain
or justify more valid and reliable information.




RESULTS AND DISCUSSION
CFA and Alpha Cronbach Test Results
The CFA test results showed that the Cht Square score = 2.69, df = 2, P-value = 0.26087 and RMSEA -
0,045 The relinbility test results show that the Cronbach's Alpha score ~ 844 'r#quﬂwxa- 24 Based on the
pictures it can be concluded that all of the items (24 items) presented are valid ise b
Fa!mpmnmmummwmmwummﬂwmmmmﬂkmmzﬁdﬂﬁg
validmmmmnsuusmmep-mormmm.mmm;nmmpwueimwumm
-ﬁvﬂdbymcmhuofmm;mmﬂudmepﬂdmmaﬂmmmmatphndmdedbymcnwnbunf
items, it can be concluded that all items measuring each indi cmrummngnvmd )

in the fig. | Standardized Solu

than 0.3. This finding indicates that points 2 to 24 can be validity
‘congidered satsfactory if it exceeds the 0.1 (Suhr, 2018), meemmc. Suhr (2018) stated that € ¢
:dmﬁﬁmﬁﬁutm&dmm&ﬂkmwmmwmmmam. content of

'ofthekﬁumlnuddﬁm the findings of this study are also in line with studies conducted by Jia ct al.
(2016) the use of Cronbach’s alpha as & reliability test, Taber (2018) has said that (a) Cronbach's alpha is
ammhymcnﬂmmm&nm_ | scales that have been built or adopted for research projects, and (b)
‘high alpha values provide limited evidence of the reliability of research instruments

Chi-Squarwe3. €5, Gf=3, F-valus=0.3J€007, RMIZA=)_ 043

atory Factar Analysis for Critical Thinking, Problem Solving, Creativity,
Metacognition for Standardized Solution

Chi-Squaze=2.€8, drel. Fovalse=0 16087, FMIEAG.043




Figure 2. Conformatory Factor Analysis for Critial Thinking, Problem Salving, Creativity, Metacogniton for
T-Value

Profile of Thinking Skil PBTs

Male  Female  Male  Female  Male  Female  Male  Femalo |

Critical thinking 011 0.09 016 0.16 0.33 021 0.40 0.44
Problem solving 0.07 0,06 02 030 038 034 0,24 023
Creativity 0.09 0.09 0.29 035 033 028 0.29 0.20

ition. 012 017 023 025 0.27 0.28 0.40 0.34
Toul 039 04l 093 1.06 131 111 133 121
Average 0098 0103 0233 0265 0328 0278 0333 0303
S0 0022 0,047 0.054 0,081 0.045 0053 008 0.1

the highest score for critical thinking was found at the exemplary level. The highest eritical

thinking scare for male PBTs was 0.40%, and the highest critical thinking score for female PBTs was 0.44%. Then,
the lowest critical thinking score was found at the novice fevel, The lowest critical thinking score for male PBTs was

0.11%, and the lowest critical thinking score for female PBTs was 0.09%.

The highest seore for eritical thinking was found at the exemplary level, The highest critical thinking score for
male PBTs was 0.40%, and the highest eritical thinking score for female PBTS was 0.44%. The lowest critical thinking

score was found at the novice level. The lowest ritical thinking score for male PBTs was 0.11%, and the lowest
critical thinking score for female PBTs was 0,09%.

~ Incontrast to critical thinking, the highest score for problem solving was found at a proficient level. The highest
problem solving seore for male PBTSs was 0.38%, and the highest problem solving score for female PBTs was 0.34%.

The lowest score for problem solving was found at the novice level The lowest problem solving score for male PBTs

was 0.07%, and the lowest problem solving score for female PBTs was 0.06%,
The study findings on creativity differ from both eritical thinking and problem selving. The highest score for

creativity skills was found at different skill levels. The highest ereativity score for male PBTs was 0,33%, which was.

found at the professional level. The highest creativity score for female PBTs was 0,35%; which is found at the basic

level, The lowest creativity score wass found at the novice level. The lowest creativity score for prospective male and.

female PBTs was 0.00.
e ) ek

the highest score for metacognition was found at the exemplary level. The highest

metacognition score for male PBTs was 0.40%, and the highest metacognition score for female PBTs was 0.34%, The
lowest score for metacognition was found at the novice level. The lowest metacognition score for male PBTs was

0.12%. The lowest nietacognition score for female PBTs was 0.17%.

“The results of this study indicate that novice was the lowest skill level for the four types of skills ¢.g critical
thinking, problem solving, creativity, and metacognition. The highest level for critical thinking and metacognition
was found in exemplaries, and the highest level for problem solving and creativity was found in proficient, although

the highest seore of creativity for female biology teacher candidates was found at the basic level.

Interview results are similar 1o the results of descriptive statistical tests. PBTs answer questions that indicate

that their critical thinking and metacognition skills are at a good level. The transeript of interviews with PBTs about
the application of critical thinking skills in the learning process wrote in the following section.

1. Reseacher : In the aspoect of applying critical thinking (o the learning process. do you have a good understanding of the

theories and facts related 1o the learning material?
fBTs I have a poar undersianding of facts, principles and everything necded to help me undersiand the problem in
fearning

2 Reseacher: I the aspect of using analvsis in the learning process, do you use 17 How do you apply the analysts i the
learming progess?




PBTs: With help. 1 can undersiand the problem directly and draw simple conclusions. aﬂarbemghswby athers,
wjgmmmw:m:mmpmm But [ cannot contemplate it carefully i
an way

The transeript of interviews with PBTs about the application of metacognition skills in the learning process wrote
in the following section.

A Reseachor: How do you veffect an e thinking in Tedrming?
PBT: Diveed u viswof or verbal structure o help mw reflect on thaughts ar with the Telp of athers, | can improve thought’
refleciion
Researcher: Do you wse meiacugative when adying? Hlow do yon i i
PETs Luse my moracogmnve abilisies o improve my learntag and produciviee Froutinely apply # i dinly praerice

ta

Also, PBTs answer questions that indicate that their problem ﬁlm and creativity skills are at a less or enough
level. The transeript of interviews with PBTs about the application mi:tmnwivmgskmmmmprm
wrote in the following section.

1. Reseacher: Do you use analysis and symthesis in the learming process?

PRIs: With the heip of others, [ can wnderstand the problem directly and draw simple conclusions. Buv sometimes [
“explain the main problems maccurately. But | cannot confemplate it carafully in an abjective way. So as in combine and
cannect difficult ideas. So, 1 am less able to compile nwo different ideas, see  direct pattern, and summarize it

2 Reseacher: In the aspect of wsing evaluation in the leaming process, do you have the. ability to evaluare learning
rial?

ate
PETs: The ability 1o evaluare objects, settings or performanee that L have is quite clear. especlally relaed to the crirerla
or standards given by the lecturer in leaming. so that { can use and understoned the evaluation process accurately

The transeript of interviews with PBTs about the application of creativity skills in the learning process wrote in
the following section,
1 Rc.mn'wrﬂwda,wn elaborate and focus creativity while learning?
PBTs: Maybe some Ideas came o ma if I'm reaily working hard and usuatly | can find a way to make it betier. I can do.
ane or two but my (dea is relatively simple. | can do two or three things with the process: merge, modify, adiust, or

2 Rde ) you study and work when you do it waj.'exmequa
PBTs: Sometimes tt's hard for me to adjust to change. When someare reminds me 1o think differently, | can usually do It
S that | cannot work effectively even when things change and pay atentton to the potertial of some things when | study

The difference in the thinking skills of male and female PBTs

} Anova has been condueted 1o differentinte thinking skills between male and female PBTs Before, a
homogeneity test was also carried out, and the results of the test of homogeneity of vanances showed that the Levene
Staristics score « 904, df] < I df2 < 670 and Sig. = . 342. So it was concluded that found the similarity of variance
and ANOVA test can be done. Anova test results showed on Table 4, that there are significant differences thinking
skills of male and female PBTs (F score; 7157, p> 0.05), So, it was concluded that there were differences in thinking
of male and female PBTs at Islamic universities.

Table 4. Anova Scores for Different of Thinking skills PBTs

Sum of Squares ar Mean Square F Sig.
Between Groups 1505.194 1 1505194 TAsT - 008
‘Within Groups 140911.179 670 210318
Totul ) 142416373 671 i

Funthermore, mmmmummmwwmwpmmammm
variables (male and female) with the type of thinking (critical thinking, problem solving, creativity, and
metacognition). The correlation test data for gender variables with thinking factors showed on Table 5.

Table 5. Correlation for Gender an
Source Typell Sumof

it sig
Comreeted Model 18011475 000
Intercept 1028200944 000
Ko 1505.194 005
Indicator 1872.895 019




JK * indicator 1105.865 3 368,622 1.967 118

Error 124404.898 664 187,357
Total 3206276.283 672
Corrected Total 142416.373 671

o R Squared = 126 (Adjusted R Squared = 117)

The results of the study showed that there is no relationship between gender with the thinking skills factor.
Because, the finding indicated that (a) There was a difference in the thinking skills of male and female PBTs (F=8.034,
F=0.05), (b) There was differences in the ability of PBTs based on indicators (£=3.332, with a xignificance of 0.019),
and (c) There was no interaction of Gender with factors (F=1.967, with a sigmficance of (1.118),

This study was found that there was no relationship between gender and PBT skills. The findings of this study
were coherent with research conducted by previous researchers in biology leaming Hadjichambis et al. (2016) was
found that gender is only & factor that will function as a medrator in learning about human reproduction. Furthermore,
in the study of toxic and non-toxic plants, no differences were found in the identification skills of poisonous plants
with regard to age and sex (Prokop & Fancovitova, 2019), Spernjak & Sorgo (2018) have researched about testing
differences in the knowledpe gained and students' preferences for various technologies in biology laboratory work,
and the results of this study showed that there were no statistical differences related to the acquisition of student
knowledge between these Iaboratory technologies with respect to grades, gender or school seore. And there are other
factors that determine learning ouwlcomes, namely the level of education in leaming biology (Fonseca etal , 2012)

The study results showed that PBTs gave their opinion that the need to increase mastery in problem solving
and creativity skills. On the other hand, for critical thinking and metacognition skills, PBTs gave the opinion that they
already have good skills. This finding means that the applied intgerative learning has not yet had an impact or has not
targeted problem solving and creativity skills for PBTs. On the other hand, integrative learning has targeted critical
thinking and metaconiton skills.

In this study, problem solving and creativily were less mastered competencies but it is imporiant to be taught
to prospective biology teacher students. Both of these skills involve the process of (a) describing problems with depth
and clarity, (b) looking at problems with an open mind, evaluating alternatives, and considenng various perspectives,
(¢) gathering information to make informed choices and developing plans, (d) applying and menitor with integrity and
(e) evaluate the results and be willing to review the problem (Greenstein, 2012), Furthermore, this study also shows
that students’ problem solving skills increase when applying problem-based learning (Argaw et al., 2017),

In this sudy, there are four skills that reviewed and consulted with the PBTs. The findings of this study was in
line with the results of studies conducted by Afandi et al. (2019). The study results showed that there are four
competencies in The Indonesian Parneriships 21st Century Skills (IP-21C8) for prospective seience teacher students,
namely (1) 4Cs (critical thinking, creative thinking, collaboration and communication); (2) ICTs (technology, media
and mformation literacy); (3) spinitual values (religious beliefs and spinitual awareness); and (4) charactel building
(teachers’ antitude and scientifc artitudes)

CONCLUSSION

The findings in this study indicated that, (a) The most of male and female PBTs at Islamic universities have
high skills in critical thinking and metacognition; (b) The most male and female PBTs at Islamic universities have
insufficient skills in problem solving and creativity skills, (¢} The resultsof this study show thar there is no relationship
between gender and PBT skills:

The results of this study cart be used as eriticism for educational management majors in biology education in
Indonesia, especially at Islamic Universities, Educational managers need to pay attention that the application of
integrative learning nesds 1o pay attention 1o the skills required by PBTs. For this reason, learning applied in
classrooms must be based on 21st century skills
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ABSTRACT

The explanatory mixed method was conducted 1o assess prospective biology teachers’ (PBTs) perception on
thinking as 215t century skills. Data were collected using a quantitative survey method, and an interview with PBTs
from Islamic Univesity. A Io*al of 168 (14 men and 154 women) from 195 PBTs participated in filling out the
questionnaire, The q e o i 24 stat ts of aspects of critical thinking, problem solving, creativity,
metacognition of lllc 21 cemury skill The confirmatory factor analysis (CFA) and alpha Cronbach tests was used 1o
determine the quality of the instrument. Statisitic descriptive, anova and correlation tést was conducted to analyze the
quantitative data. Triangulation was conducted on the results of the interview. The results of the study indicate that
(4) most male and female PBTS at Islamic universities have high skills in critical thinking and metacognition; (b) most
male and female PBTs at Islamic universities have insufficient skills in problem solving and creativity skills; (c) the
results of this study also show that there s na relationship between gender and PBTs skills.

Keywords: prospective biology teachers (PBTs), thinking, 2 1st century skill

INTRODUCTION

In education, the assesing of 21st century skills was the important issue (Geisinger, 2016), because its was
conducted s a key concept and slogan in the field of education based 215t century skills (Greiff & Kyllonen, 2016),
Teo (2019) also stated that over the past two decades, educators have determined strategies to prepare students and
prospective teachers on how to navigate through the increasingly globalized world and inter-connected landscape
associated with the 21st century. Because in the future, students needeed this skills (Larson & Miller, 2011)
Additionally, ) report that 21st century skills in the curriculum have also become an
important issue throughout the world

The guthors has found a number of previous studies that have studied about 2 st century skill for prospective
biology teachers, such as: critical thinking [ I
metacognitive (

HCT (Aslan & Zhu, 2017), problem solving (Nawani, Kotzebiie, Spangler, & Neuhaus, 2019), generic science
skill (Havie, Karomah, Delfita, Umar & Maris, "018\ and creativity (Lugas, 2016)

Maryuningsth, Hidayat, Riandi, and Rustaman (2019) condugted quasi-experimental research to investigate the
level of eritical thinking skills (CTS) of 37 PBTs through online genetic discussion forums, and the results of research
showed that the level of eritical thinking skills of PBTs has increased based on the nature of chromesome inheritance
learning through online discussion forums, Then, Fitriani, Asy'ari, Zubaidah, and Mahanal (2019) conducted research
on the exploration of critical thinking of teacher candidates and critical analysis skills based on gender in anatomy and
plant development courses, and the results showed that the PBTs ¢ritical thinking and critical analysis skills were
underdeveloped and also found a positive correlation between the prospective teacher’s critical thinking and critical
analysis skills. Aslan and Zhu (2017) investigated that predicting vanables Turkish pre-service science and other

'Cnmrtd {U‘llz INTRBDUCI'IUH :hmﬂdr
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internationally reputable journals to emphasize the
novelty of research.
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teachers’ integration of ICT imto teaching practice, and found that the use of ICT in pre-service teacher teaching
programs increased the pedagogical ability of pre-service teachers, Ching, Lee, and Wen (2020) conducted a study of

metacopnibive inguiry activities (o teach the central dogma concept of DNA replication and protein synthesis based
o the metacognitve learning eyele (MLE) for students, and the results of this study showed that students’
metgcapnition was expressed durimg the investigation process | onducted

a quasi-experimental research to compare the effect of group investigation (GI) strategy, think talk write, group
mvestigation ntegrated with think talk writeand conventional method on the students’ melacognitive skills
empowerment in biology elassroom, and the results of the research showed that the implementation of teaching
strategies had an effect to empower students’ metacognitive skills

These studies have reported that the importance of 21st century skills in learning biology. However, these
studies have not classified the skills into a clearer terminology. Also, these studies only explore one skill in leaming




biology. In fact, many exploratory studies of 21st century skills can be done by teachers in the learning process.
According to the author, the terminology is needed to facilitate teachers integrating skills into the design and learning
process. In addition, because the integrated leamning process equips students with more competence (Zainuddin &
Attaran, 2015), Thus, it is necessary to conduct studies that explore the 215t century skills more broadly, for example
examining the types of skills required by PBTs. In addition, the study should begin with a study of the development
of 215t century student skills and assessment instruments (H

In this study, the authors follow the opinions and resulis of studies that have been writien by [N

I i< the importance of assessing the development and validation of 215t century skills using various
methods and approaches. The results of the h] also showed that there are
processes of planning, development, quantitative and qualitative tests and validation of 2151 century skil instruments
In this studythe authors examine thinking as a 21st century skill written by Greensiein’ (2012), According to
Greenstein (2012), there are three classifications of 21st century skills; thinkingz, acting and living are determined
based on four skill levels. In this study, the use ol different level of skills is assumed to be effective to capture responses
of PBTs at Istamic universities in Indonesia. Because the 21t century skil assessment 1s effectively used at different
levels of education (

In this study, also the authors investigated lhe relationship between gender and 218t century skills of PBTs
Because the authors found differences in the results of studies reported by previous researchers who had examined the
relationship between gender and skill, or/and gender with achievement. Although, it is still being studied and debated,
it is found that there are gaps in the learning outcomes of male and female students {_

).For example, Kan'an (2018) results showeld thot there was a statistically siygnificant difference
between female and male students’ mean scores of the Jordanian students’ 21 st century skills (Cs21). Also,
reported that there are gender and age differences m the thinking process, of men, adults,

and teenagers. In addition, the results of other studies show that the ability to analyze and draw conclusions for male
PBTs 15 more beter than female P Ts (NN " c indin of these three
studies are understood as a form of a positive relationship between age and creative performance of students ( [N
_).

However, the results of other previous studies also show that there is no relatonship between gender and
learning outcomes (Recse, Lee, Colien, & Puckert, 2001, A, 1999, Rejskind, Rapagnn. & Gold, 1992} For exumples,
Rejskind, Rupayma, & Goldl 1992) stated that no gender differenees were found on the meusures of personatity and
cognitive style, and no significant assoctation was found between cognitive style and personality

Integrated Instruction at the Islamic University of Indonesia

Integrated instruction 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}, Haviz (2016) explains that leaming is characterized by the unification and use
of several materials, strategies, methods, approaches and other aspects of learning

According 1o the decision of the Directorate General of Islamic Education Ministry of Religion of the Republic
of Indonesia Number 2498 in year 2019, integrated instruction was a characteristic of studying [slamic university in
Indonesin. Previously, this integrated instruction was developed independently by each Islamic university m
[ndonesia Since 2016, TAIN Batusangkar also implemented integrated instruction

The application of Integrated instruction during the leaming process refers to the university's integrative
learning guidelines. The apphcation of this integrated instrution improves student skills and learning cutcomes. For
example, research conducted by Haviz (2016), and RN © ot studics have
integrated embryology with the Quran at Islamic universities. Although with different content, research conducted by
ZanuddindPerera (2017), Agyer&Voogt (2015) 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 4 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 1o the institutional leamning management system for
students’ access before class had succesfully established the basic psychological needs of self determination theory

However, a clear gap found in the application of integrated instruction in Islamic universities is not yet clearly
determined the type of skills needed by students, 1 1t 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 investigates the skills required by
PBTs at Islamic universities after the implementation of integrated instruction.




Thinklng as 21st Century Skill
st -

thinking skill is creativity. The characteristics of creafivity; (a) curiosi . slich a8 probing, asking
questions, mmkmg !urdmparmemh,g, (b) fluency, such as the production of a number o ldns. (¢) anginality, such
as new, fresh, uﬁmummﬂlm,(dj}ﬂmmhﬂ ideas that display intensive detils or add to existing
details, () hnsgiuntlm such as dreaming, discovering new ideas or. pamum ingenu[ty and (f) flexibility, such as
ideas that show various possibilities (Greenstem, 2012). Bakir and Ozetekin (2014) state that creativity is an- :mpﬂﬂlm
skill for prospective teachers Beeause creativity s a process of experience, limitation of habits, new ways and

flexibility in solving problems (Belanger, Acre, Berchtold, & Michaud, 2011).

The fourth thinking skill is metacognition. Metacognition includes two components, knowledge and process
based leaming (“} In the classroom, espects of metacognition are directed, forward-

looking, conscious, se lated and flexible ( JGreenétein, 2012), Also, metacognitive skills contribute 1o student
learning outcomes ( Bah éu(.‘étu 8, 201%).

Thus, an explanation of thinking as 215t century skills was summarnized in Table 1. Table | illustrated the
cenceptual of four of thinking skills. To conduct the study, three research objectives of this study to assesing; (1) the
quality of the thinking skills instrument of PBTs; (2} the profile of the thinking skills of PBTs; and (3) the difference
in the thinking skills of male and female PBTs.

Table L. The four of thinking skill

Critical thinking Apply, evaluation, use of datw, analysis, synthesis
. Idm:ify lhe bles u.pplm blem solving, identifi I eval
Thiskifg Problem solving F 1 induetive and deductive reasoning
skill Crestivity Cunnslty !‘Iu:m:y orngmnlll:,,‘ elnl.mmuen, flexibility, divergents,
il messiness/rizk taking
Metacognition Feflective, aware of thinking, strenphts and style, using gnition
METHODS

This study used a mixed method, with an explanatory sequential design (Creswell, 2014). The reason for
choosing this design is because quantitauve findings are followed by qualitative findings, and both findings are
strengthened by a more comprehensive explanation. Thus, this study expects the study outcomes of deep
understanding or a more in-dept understanding of quantitative data.

This research utilized the quantitative method with a descriptive survey. A total of 168 (14 men and 154
women) from 195 PBTs panlc!patcd n filling out the questionnaire The goodness level of the research participants
was in 2.82 %. The g nire ¢ fed 24 tsof aspects of critical thinking, problem solving, creativity,
metacogmtion of the 21 century skill(Greenstein, 2012), The questonnaire has a rating scale of 14, and the four
levels were broadly described in Table 2.

Table 2. Rubric terminology of 21st century skill

Level 4 Level 3 Level 2 Level 1
Toptier=36t040 skilled her=32103 5 able ier=2810 3 1 emerging tier=2010 27
Exemplary Agcomplished Developing Beginning
Advanced Proficient Basic Novice
Excellent Good Fair Poor
goes beyond regui meets reg some misconception SEFIOUS erTor

fully complete mostly complete Partinl




To determine the validity of the instrument used the CFA Test. This test is often used to determine the quality
‘of instruments and is considered a credible way by previous researchers such as Suhr (2018}, Chai, Deng, Tsal, and

Koh (2015); Jin, Oh, Sibuma, LaBanca, and Lorentson (2016); and Sang, Liang, Chai, Dong, and Tsai (2018) The

‘Cronbach Alpha test was used 1o determine the reliability of the mstrument To determine the PBTs thinking skill
profile in the form of average values and standard deviations, raw data were analyzed with descriptive statistics. PBT
skill levels are displayed as a percentage. Anova fest was used to determine differences in male and female PBTs
thinking skills. And, the correlation test is used to determine the relationship between gender and thinking factors,
mﬁmqmﬁmﬁvemm-dmﬁmﬁmmmmmsmm;m7&m=m Interviews
were conducted separately between one respondent and another respandent. Interview guestions given fo respondents.

mdtmloppdmmﬁswmcqmmmiﬁmumﬂwqmmuﬂmngmﬂwwmumm M

results of the interview. Steps such as verification, display and conclusion drawing from data are carried out to obtain
or justify more valid and reliable information.

RESULTS AND DISCUSSION

MMWCM wmm 69 ¢f-=2 P—m!ue 02603?;111 SEA = 0,043, ﬁnwliabdiiyimmﬂls
show that the Cronbach's Alpha score = 844 with N of lrems = 24. Based on the pictures it can be concluded that all

of the items (24 1tems) presented are valid because based on the image at the T- Value position there is no arrow from:

each indicator that was coloured Red. This finding indicates that all items are valid. In addition, the results on the p-
value of each item indicate that for all items the p-value is smaller than alpha divided by the number of items The

results of the p-value are all items smaller than alpha divided by the number of items, it can be concluded that all items

measuring each indicator of thinking are valid.

Furthermore, in the fig. 1 Standardized Solution found only one item or factor load whose pumber is less.

then 0.3. This finding indicates that points 2 to 24 can be said to be valid. Thus, the validity coefficient can be
cnuﬁdereﬂsnﬂsﬁatoryifnemmmm(Suhr3&1&1memmmls)mwdmuCFAbapmuf

of interrelated steps and the number of constructs and factor structures to determine the content or
meaning of these factors. In addition, the findings of this study are also in line with studies conducted by Jia. Oh,
Sibuma, LaBanca, & Lorentson (2016), Regarding the use of Cronbach's alpha as a reliability test, Taber (2017) has.
ummtn)&mmaalpmmmmcmwmmwmwmmmwumhmmm«
adopted for research projecis, and (b) high alpha values provide limited evidence of the reliability of research
nstruments’

R Bgeare®l 06, @i=i. Ww’ EEEATL, e b

Figure 1. Conformatory ﬁwmr analysis for eritical thinking, problem solving, creativity, melacognition
for Standardized Solution

e 2 (TValE) The CFA test results




Cmi-Square=3.€b, afed. P-valuesd 3€047, RMIEAS. 048

Figure 2. Conformatory factor analysis for critical thinking, problem solving, creativity, metacognition for T-
Value

Profile of Thinking Skil PBTs.
Table 3. Descriptive Statistics for The Profile of PBTs Thinking Skills
PBTs Skill Level (%)

Male  Female  Male  Female  Male  Female  Male  Female

Critical thinking 011 009 616 016 033 02 0.40 [IEr
Problem solving 0,07 0.06 025 030 038 0.34 024 023
Creativity 005 009 029 03 03 018 029 0.20
_Metacognition 012 017 02 025 027 028 040 034
Total 039 041 0.93 1.06. 131 T 133 (1
Avernge 0098 0103 0233 0265 0328 0278 0333 0303
_sb 0022 0047 0054 008l 0045 00s3 0081 0.1

Table 3 showed that the highest scare for eritical thinking was found at the exemplary level. The highest critical
thinking score for male PBTs was 0.40%, and the highest critical thinking score for female PBTs was 0.44%. Then,
the lowest critical thinking score was found at the novice level. The lowest critical thinking score for male PBTs wis
0.11%, and the lowest critical thinking score for female PBTs was 0.09%.

- The highest score for critical thinking was found at the exemplary level. Th:hlghulm'mmlﬂmkmsmfor
‘male PBTs was 0.40%, and the highest critical thinking score for female PBTs was 0.44%. The lowest critical thinking
score was found at the novice level The lowest eritical thinking score for male PBTs was 0.11%, and the lowest
critical thinking score for female PBTs was 0.09%

In contrast o eritical thinking, the highest score for problem solving was found at & proficient level. The highest
problem solving score for male PBTS was 0.38%, and the highest problem solving score for female PBTs was 0.34%,
The lowest score for problem solving was found at the noviee level. The lowest problem solving score for male PBTs
wasnm%mdmclwestmblammlvingmeformeswssn06%

kwi Theicwestcamlvilymte mﬁ:ulﬁawnmvlu level, Thalnwmmsﬁvitymmﬁ:rpmspmm male and
female PBTs was 0.09.

“Similar to critical thinking, the highest score for metacognition was found at the exemplary level. The highest

‘metacognition score for male PBTs was 0.40%, and the highest metacognition score for female PBTs was 0 34% The




lowest score for metacognition was found at the novice level. The lowest metacognition score for male PBTswas
0.12%, The lowest metacognition score for female PBTs was 0.17%.
~ The results of this study indicate that novice was the lowest skill level for the four types of skills e g critical
thinking, problem solving. creativity, and metacognition. The highest level for critical thinking and '
was found in exemplaries, and the highest level for problem solving and creativity was found in proficient, although
the highest score of creativity for female biology teacher candidates was found at the basic level.

Interview results are similar 1o the results of descriptive statistical tests. PBTs answer questions that indicate
that their critical thinking and metacognition skills are at a good level Theu‘anwrim of interviews with PBTs about
the qpplmﬁon of critical thinking skills in the leaming process wrote in the following section.

Resencher: I the aspect of applying critical thinking to the learing process, do you m.swmm;q aof the
‘dwriuwjamulaumklwrwmmw?
PTHy: | have @ poor undersianding of facts, principlh Wm:yﬂuqmﬁd-mhfpmmdmmkpmum-m

2 Reseacher: In the nquﬂafmagmbm in the fearming process; do pou use 47 How do you apply rha-ms‘,m: in the.
 learning process?

PTBs: Ii'mFm’p.fmmd‘mmmd:hpm&imMbmﬂdmafwwhmhlmaﬂer&mmgwdhm
up:gd@@mmm:wmhmmmmmmmrmmmmum
an objective way

The transeript of interviews with PBTs about the application of metacognition skills in the learning process wrote

in the following section.
1 Reseuchr: Huw do yon retloct un yaur dinking i learning”
PUHs: [ need o viswal o vashal strucruee o help me eaflect wn thoughts or with e heip of asers, 1 can impresie thoughit
- reflection
20 Researcher: Do you wse mtacogninive when studying? How do you da o?
PYHS' s mry vetacogniiove abilities to imprave my fearning and productivity. | rantinely apply i tn daily prastice

Also, PBTs answer questions that indicate that their problem solving and creativity skills are at a less or enough.
Tevel, mumdprdmmmmwmmmhum“ormmm solving skills in maburningpmm
wtal! in the following section.

1. Reseacher: Do you use analysis and symihesis in the learning process?.
PTBs: With the help of athers, | can understand ihe the problem directly and draw simple conclusions. But sometimes |
explain the main problems inaceurately. Bur [ cannorcontemplare it carefully in an ebjective way. So as jo cambine and
connect difficult wieas. So. [ am less able 1o compile oo different weas, sve a direct pattern, and summarize i

2 Reseacher: In the aspect of uving evaluation in the teaming process. do you have the ability 1o evaludie learning

matersal?
PTBs; The atility to evaluate abjects, sett wpmmmmum is quite clear, especially related to the criterfa
aor standards given by the lecturer in lwm'ng, 50 that | can use and understand the evaluation process accurately

The transeript of interviews with PBTs about the application of creativity skills in the learning process wralein

r}lefollowmgsmtnm
Reseacher: How do you elaborate and fioeus ereativity white learning?
PTBs: Maybe some idecs come to me if I'm reatly working MWM&ImMawmmubeMr 1 can do
one or twer but my idea is relatively simple. [ can do two or three things. with the process: merge, modify, adjust. or
2 Reseacher: [k i vork when you do it with flexible creativiiy?
FPT8s W:&mﬂfwmwdjﬁu{mdm@l When someone. remindy me to think differently, | can usually do it

o ther | cannor work effectively even when things change and pay atiennion io the potential of same things when § stidy

The difference in the thinking skills of male and female PBTs

Anova has been conducted to differentiate thinking skills between male and female PBTs Before, a
“homogeneity test was also carried out, and the results of the test of homogeneity of variances showed that the Levene
Statistics seore = 904, dfl = 1; df2 = 670 and Sig. = .342. So 1t was concluded fhat found the similarity of variance

“and ANOVA test can be done. Anova test results showed on Table 4, that there are significant differences thinking
skills of male and female PBTs (F score; 7157, p> 0.05). So, it was concluded that there were differences in thinking.

of male and female PBTs at Islamic universities.




Table 4. Anova Scores for Different of Thinking skills PBTs

Sum of Squares dr Mean Square F Si
Between CGiroups 1505, 194 1 1505:194 T.157 008
Within Groups 140911.179 670 210315
Total 142416373 671

Furthermore, corrglation tests carried out to determine the relationship and mteraction between gender
variables (male and female) with the type of thinking (critical thinking, problem solving, creativity, and
metacognition). The correlation test data for gender variables with thinking factors showed on Table 5.

Table S.Correlation for Gender and Factor of Thingking Skill
Type [1] Sum af

Sourte Squires D Mean Square F Sig.
Corrected Model 18011 475 7 2573.068 13.734 000
Intercept 1028200.944 1 1028200.944 5487.930 000
K 1505194 1 1505194 8.034 Dos
Indicator 1872 895 i 624 298 3332 019
JK * Indicator 11035.865 3 368,622 1.967 18
Error 124404 898 664 1§7.357
Total 3296276.283 672
Corrected Total 142416.373 671

a. R Squared =126 (Adjusted R Squared = 117)

The results of the study showed that there is no relationship between gender with the thinking skills factor
Because, the finding indicated that () There was a difference in the thinking skills of male and female PBTs (F=8,034,
F=0.05), (b) There was difTerences in the ability of PBTs based on indicators (F=3.332, with a significance of 0.019),
and (¢) There was no interaction of Gender with factors (F'= 1967, with a sigmificance of (1.1 18}

This study was found that there was no relationship between gender and PBT skills, The findings of this study
were coherent with research conducted by previous researchers in biology learning. Hadjichambis, Georgiou,
Hadjichambi, Kyza, & Mappouras (2016) was found that gender is only a factor that will [unction as a mediator in
learning about human reproduction. Furthermore, in the study of toxic and non-toxic plants, no differences were found
in the identification skills of poisonous plants with regard to age and sex (Prokop & Fantovitova, 2019). Spemjak &
Sorgo (2018) have researched about testing differences in the knowledge gained and students’ preferences for various
technologies in biology laboratory work, and the results of this study showed that there were no statistical differences
related to the acquisition of student knowledge between these laboratory technologies with respect to grades , gender
ar school score. And there are other factors that determine learning outcomes, namely the level of education in learning
biology (Fonseca, Costa, Lencastre & Tavares, 2012)

The study results showed that PBTs gave their opinion that the need to increase mastery in problem solving
and creativity skills. On the other hand, for critical thinking and metacognition skills, PBTs gave the opinion that they
already have good skills. This finding means that the applied intgerative learming has not yet had an impact or has not
targeted problem solving and creativity skills for PBTs. On the other hand, integrative learning has targeted critical
thinking and metaconition skills

In this study, problem solving and creativity were less mastered competencies but it is important to be taught
10 prospective biology teacher students. Both of these skills involve the process of (a) describing problems with depth
and clarity, (b) looking at problems with an open mind, evaluating alternatives, and considering various perspectives,
(c) gathering information to make informed choices and developing plans, (d) applying and monitor with integrity and

(2) evaluate the results and be willing to review the problem (Greenstein, 2012). Furthermore, this study also shows
that students’ problem solving skills increase when applying problem-based learning t—

In this study, there are four skills that reviewed and consulted with the PBTs. The findings of this study was in
line with the results of studies conducted by ), The study results showed that
there are four competencies in The Indonesian Pamertships 21st Century Skills (1P-21CS) for prospective science
teacher students, namely (1) 4Cs (eritical thinking, creative thinking, collaboration and communication); (2) 1CTs
(technology, media and information literacy), (3) spiritual values (rehigious beliefs and spirtual awareness), and (4)
charactel building (teachers' attitude and sclentife attitudes).

I



_ CONCLUSSION )

The findings in this study indicated that; (a) the majority of male and female PBTs at Islamic universities have

high skills in critical thinking and metacognition; (b) Most male and female PBTsat lslamic universities have
insufficient skills in problem solving and creativity skills; (c) The results of this study show that there is no relationship
between gender and PBT skills.
) The results of this study can be used as criticism for educational management majors in biology education in
Indonesia, especially at Islamic Universities. Educational managers need to pay attention that the application of
integrative leaming needs to pay attention to the skills required by PBTs. For this reason, leamning applied in
classrooms must be based on 21st century skills.
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