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A SURVEY ANALYSIS OF PRE-SERVICE CHEMISTRY
TEACHERS' CRITICAL THINKING SKILLS

Irwanto Irwanto, Eli Rohaeti and A.K. Prodjosantoso

This study aimed at analyzing the level of students' critical thinking skills as well as
investigating the correlation between students' critical thinking skills and their grade
level. A survey involving 220 pre-service chemistry teachers of Yogyakarta State
University, Indonesia was conducted. The sample was taken using the convenience
sampling technique. The data were collected using a Critical Thinking Rubric
(OHRCT) developed by Oliver-Hoyo (2003). The result of this study shows that (i) the
average score of students' critical thinking skills was still considered low
(13.95%2.151), (ii) abstract and written presentation appeared as the components that
obtained the highest and the lowest score respectively, (iii) significant difference was
found between the score of students' critical thinking skills based on grade level in
favour of junior students (p=0.000), and (iv) a moderate positive and linear correlation
existed between the students' critical thinking skills and grade level (r=0.442,
p=0.000). The findings indicate that the improvement in students' critical thinking
skills has certain influences on the improvement of students' cognition and learning
experience after attending courses in chemistry. Based on the result, several
recommendations have been proposed to improve university students' critical thinking
skills.
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INTRODUCTION

Critical thinking skill or CTS appears to be the most relevant skill that
determines the success of science learning (Espinosa, Monterola, & Punzalan,
2013). In addition, CTS is also an important skill that one needs in getting
prepared for employment (Sada, Mohd, Adnan, & Yusri, 2016). Lately, CTS has
grown its popularity that some experts have proposed various definitions.
Ennis (1996) defines critical thinking skill as a reflective-logical thought that
focuses on the logic, reflection and the process of decision making. Meanwhile,
Dwyer, Hogan, and Stewart (2014) describes critical thinking skill as a
metacognitive process consisting of sub skills such as analyzing, evaluating,
and inferring. In addition, critical thinking skill also involves a number of
logical reasoning activities including analyzing, synthesizing, deducting,
reducing, and inferring (Cheng & Wan, 2017).

Atthe present time, the objective of higher education is to enhance students'
critical thinking skills (Akytiz & Samsa, 2009; Brahler, Quitadamo & Johnson,
2002). It is necessary that university students develop their critical thinking
skills during their study in the higher education level (Thomas, 2011). CTS
supports the development of students' cognition since it positively influences
students' academic achievements. Previous studies have shown that there are
positive correlation between CTS and students' achievement (Kamaei &
Weisani, 2013; Karagol & Bekmezci, 2015), creative thinking (Birgili, 2015;
Chang, Li, Chen, & Chiu, 2015; Ulger, 2016), self-efficacy (Dehghani, Sani,
Pakmehr, & Malekzadeh, 2011; Erdem, 2015; Uzuntiryaki-Kondakci & Capa-
Audin, 2013), reading habits (Bulgurcuoglu, 2016), motivation (Semerci, 2010),
and logical thinking (Incikabi, Tuna, & Biber, 2013). In line with the view,
Kirmizi, Saygi, and Yurdakal (2015), Memduhoglu & Keles (2016); Tiimkaya,
Aybek, & Aldag (2009) have confirmed the positive correlation between
students' CTS and their problem-solving skills. These insights indicate the
major contribution of CTS in preparing students as the generation of the 21st
century.

A number of studies on CTS have been conducted involving students from
chemistry major. Qing, Jing, and Yan (2010) investigated the influence of
inquiry-based chemical experiment on pre-service chemistry teachers' CTS.
Unfortunately, forty-two students were known to be in the lower level of CTS,
particularly in analysing, evaluating, and inferring scales. Another study was
done by Temel (2014) which investigated the effect of problem-based learning
on critical thinking disposition or CTD of pre-service chemistry teachers. In the
study, it is reported that forty-nine pre-service chemistry teachers obtained a
relatively low CTD level in both experimental and control groups. The
experimental and the control group obtained post-test score of 86.36% and
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88.88% (low-scoring group), 13.64% and 11.12% (middle-scoring group),
respectively, which result shows that no students were included in the high
scoring group. Facts shown in previous literature that were reviewed in this
study also show that a number of universities suffer from unsatisfactory CTS
level.

Furthermore, Zhou et al. (2012) conducted a study that focused on the
attempts made to improve middle school students' CTS in China. The analysis
of the pre-test and post-test score in the study shows that students' CTS was
considered low. Furthermore, Fuad, Zubaidah, Mahanal, and Suarsini(2017)
and Hakim, Liliasari, Kadarohman, and Syah (2016) also found similar
problem in occurring in Indonesia. In the study, attempts to improve students'
CTS were made by applying inquiry-based learning and mini project lab in
chemistry. Meanwhile, Zhou, Yan, Zhao, Liu, and Xing (2012) also found that
sixty-one pre-service chemistry teachers' CTS level was low in which their
subscale evaluating, and inferring scores were lower than their analysing
scores. Pros and cons exist in various studies on the identification of the grade
level influence on students' CTS. Evidence of the significant difference of CTS
based on the grade level has not yet been obtained (Abu-Dabat, 2013; Azar,
2010; Bisdorf-Rhoades, Ricketts, Irani, Lundy, & Telg, 2005), even though some
other studies have confirmed a significant correlation between these two
variables (Babamohamdi & Khalili, 2005; Haw, 2011; Tiimkaya et al., 2009;
Whiteetal., 2011).

Students' low CTS level might be caused by the implementation of teacher-
centered teaching in which students act as passive participants and they are
given less hands-on activities. Improving students' CTS level requires higher
education institutions to improve teachers' CTS level at first (Qing et al., 2010).
It is believed that students with high adequate CTS will have better both
academic and non-academic achievement in the field of chemistry. CTS can be
learned and improved through the implementation of student-active learning
such as experimental activities(Kitot, Ahmad, & Seman, 2010; Qing et al., 2010).
In the context of critical thinking activities, Miri, David, & Uri (2007)
emphasizes on the importance of questions asked by students, students'
sceptical minds, curiosity, investigation and attempts to find alternatives to
solve various daily life issues. CTS is teachable through the use of appropriate
curriculum, courses, as well as appropriate teaching methods and techniques
(Akkaya, 2012). With the fine integration of those aspects, students are
supported to grow as critical-minded generation.

Critical thinking skill is a useful skill that allows students to develop their
minds to face the global era (Zivkovic, 2016). In the last two decades, the
improvement on students' critical thinking skills has been the main concern in
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the teaching of chemistry. This issue has attracted a number of researchers to
deeply investigate this matter across education level (e.g., Acharya, 2017;
Hakim et al., 2016; Kazusa, 2012; Kogut, 1996, Smith, 2001; Valdez, Lomoljo,
Dumrang, & Didatar, 2015; White et al., 2011). However, only few studies were
conducted in Indonesia related to pre-service chemistry teachers' CTS level.
This limitation triggers difficulties in analysing students' CTS level. Whereas,
pre-service chemistry teachers are expected to be skilful and critical-minded in
order to be able to teach students critical thinking skills. In line with the view,
Verburgh, Francois, Elen, and Janssen (2013) also stated that university
graduates have to be skilful in making various decisions by precisely analysing
any information related to the matters. Hence, it is highly crucial that pre-
service teachers have high CTSlevel.

Students with high CTS are likely to perform various cognitive skills such as
analysing, interpreting, inferring, explaining, and evaluating in dealing with
various issues (Giancarlo & Facione, 2001). More importantly, Thompson
(2011) also emphasizes that critical thinking skills are the key to solve problems,
conduct various investigations and to make discoveries. This belief makes
sense considering the fact that critical thinking helps students to find precise
definition and causes of any changes upon certain variable, as well as to
understand correlations among certain variables (Duran & Dokme, 2016).
Based on those considerations, the researchers believe that CTS is an important
skill to learn in university. Previous studies also support this statement in
which it is known that CTS is a necessary skill that helps students understand
chemistry and understand the world. Regarding to the explanation, the
objectives of this study covered: (i) analysing pre-service chemistry teachers'
CTS level, and categorizing the results based on the grade level, and (ii)
investigating the correlation between the CTS and the grade level.

RESEARCH METHODOLOGY OF THE STUDY
RESEARCH DESIGN

This study was conducted in the form of survey research using a quantitative
approach. Survey refers to the data collection method that is focused on
obtaining data from certain people, the vital facts of people, their beliefs,
opinions, attitudes, motivations, and behaviours (Kerlinger, 1973). In the
context of this study, survey was administered to collect data related to CTS
from pre-service chemistry teachers based on the grade level.

SAMPLE OF THE STUDY

This study consists of 220 pre-service chemistry teachers in the first-year
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(35.00%), second-year (31.36%), and third-year (33.64%) who were attending
the basic chemistry laboratory, chemical equilibrium laboratory, and chemical
instrument laboratory course, respectively (see Table 1). A survey was
conducted on the faculty of Mathematics and Natural Sciences of Yogyakarta
State University, Indonesia, in the first semester of the academic year 2017-
2018. Convenience sampling technique was used in the survey, as stated by
Fraenkel etal. (2012) that this technique can be used to choose samples based on
their availability to participate in the study.

Table1l
Demographic Characteristics of the Sample.
Grade Level Female Male Total
Freshmen 56 21 77
Sophomore 43 26 69
Junior 51 23 74
Total 150 70 220

DATA COLLECTION INSTRUMENT

An adaptation of the Critical Thinking Rubric (OHRCT) developed by Oliver-
Hoyo (2003) was used to collect the data. The original rubric was translated to
Indonesian, and modifications had been made to fit the need of this study
before it was rearranged and validated by 13 science lecturers and tried out to
134 randomly chosen pre-service chemistry teachers in Yogyakarta, Indonesia.
OHRCT is used to measure students' CTS level based on their written report.
OHRCT consisted of six components, namely abstract, sources of information,
organization, relevance, content, and presentation of written lab report. Each
subscale in the instrument links to students' cognitive skills based on the
Bloom's taxonomy. For instance, the subscale “Abstract” takes students' skills
in comprehensively synthesizing the result of an experiment. Another
example, subscale “Sources of Information” deals with skills used to seek for
related information from previous studies. The rubric is available online at
http:/ /pubs.acs.org.The reliability coefficient of the instrument is at 0.84. Each
subscale is scored from 1-5 in which greater score shows better fulfilment of the
criteria set in the instrument. The scores that can be obtained by the students
ranged from 6 to 30 points.
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DATA ANALYSIS

Students' CTS level was classified into three categories; low (<14 points),
moderate (14-22 points), and high (>22 points). The data of this study were
obtained from students' written laboratory report. Descriptive statistics were
employed to see the characteristics of the data including the mean, standard of
deviation, and data percentage. The data were then analysed using a
regression analysis to see causal relationship between the variables. After that,
One-way ANOVA was conducted to identify whether a significant difference
between the mean scores obtained by more than two independent groups.
Pearson's correlation was then employed to calculate the significance of the
correlation between CTS and grade level. The categorization of the correlation
referred to the Cohen's categorization (1988) including; small (r = 0.10 to 0.29),
medium (r = 0.30 to 0.49), and large effect (r = 0.50 to 1.0). In this study, the level
of significance was set at 0.05 and the data analysis was done using SPSS
statistics 17.0 for windows (SPSS Inc., Chicago, IL, USA).

FINDINGS OF THE STUDY

This section describes the result of the statistical measurement of students'
written laboratory reports. The reports with various grade levels were scored
using the OHRCT instrument to map the CTS profile of 220 pre-service
chemistry teachers.

a) Analysis of Pre-service Chemistry Teachers' CTS Level

The level of CTS was analysed by identifying all components of the written
laboratory report by the students. The CTS percentage of freshman,
sophomore, and junior students are generally presented in Table 2. Overall,
the average CTS score was considered low (M=13.95, SD=2.151). All
students who participated in this survey were only able to master the CTS of
46.50%. Out of six subscales investigated in this study, the highest score was
found in the “Abstract” component (M=2.45, SD=0.642), while the lowest
score was obtained in “Written presentation” component (M=2.11,
SD=0.726) based on a maximum score of 5.00.
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Table2
Percentage of Students' CTS.
Std. Percentage
No. CTS Subscales/Cognitive Skills Mean
Deviation (%)
1  Abstract/Synthesis 245 0.642 49.00
2 Sources of
information/ Knowledge and 2.26 0.605
evaluation 45.20
3 Organization of the
238 0.597
paper/ Analysis 47.60
4  Relevance of the
ideas/Knowledge and 2.42 0.618
application 48.40
5  Content of the
2.34 0.521
paper/Comprehension 46.80
6 The written
211 0.726
presentation/Evaluation 42.20
Total 13.95 2151 46.50

b) Differencesin Students' CTS Based on the Grade Level

The average CTS score based on the grade level is presented in Table 3. It can
be seen in the table that third-year students (junior) have higher CTS scores
compared to the ones obtained by freshman and sophomore. The highest
score was obtained by the junior group (M=15.19), followed by sophomore
(M=13.79) and freshman (M=12.86). Generally, junior students obtained the
highest scores in all of the subscales.

Table 3
Students' CTS Subscales by Grade Level.
Subscales of Critical Thinking Skills

Grade
Abstract Information Organization Relevance Content Presentation Total
Freshmen 221 2.04 233 229 222 178 12.86
Sophomore 240 227 233 242 233 2.04 13.79
Junior 273 246 249 254 247 2.50 15.19

Average 244 226 238 242 234 211 13.95
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Furthermore, to see the existence of any significant difference between CTS
scores across levels, Bonferroni post-hoc analysis was administered. In Table 4
there is the significant difference in CTS scores of students across levels. As
described in the table, it can be seen that freshmen, sophomores, and juniors
have significant influence on the CTS scores (p < 0.05) in favour of junior
students.

Table4
Post-Hoc Analysis (Bonferroni) for Students' CTS by Grade Levels.

(I) Grade (J) Grade Mean .
Level Level Difference (I-]) S Sig:
Sophomore -0.915 0.321 0.014
Freshmen . .
Junior -2.293 0.315 0.000
Critical .
Fresh 0.915 0.321 0.014
Thinking ~ Sophomore res .men .
Skills Junior -1.378 0.324 0.000
. Freshmen 2.293" 0.315 0.000
Junior .
Sophomore 1.378 0.324 0.000

*. The mean difference is significant at the 0. 05 level.

Deeper exploration of students' CTS scores in each category, i.e. low,
moderate and high is presented in the form of percentage (see Table 5).
Freshman students dominate the lowest CTS level as much as 23.6%, while
junior students have the lowest one (1.8%) since they obtained satisfactory
scores more than 22 points which could not be obtained by any freshmen.
Therefore, it can be concluded that the majority of the students (96.8%) scored
less than 22 points.

Table5
Percentage of Students' CTS Level.

Percentage of CTS Level(%)

Grade Level Low Moderate High
Total
<14 pts. 14-22 pts. >22 pts.
Freshmen 23.6 114 0 35.0
Sophomore 15.9 141 14 314
Junior 1.8 30.0 1.8 33.6
Total 41.3 55.5 3.2 100.0

¢) The Correlation between CTS and Grade Level

The result of data analysis using the Pearson's correlation (see Table 6), a
positive and significant correlation exists between CTS and the grade level
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(r = 0.442, p = 0.000). According to the criteria set by Cohen (1988), the
coefficient obtained in the analysis is included in the medium category.
Based on the result of the measurement, it can be concluded that grade level
improvement positively influences students' CTS. This finding implies that
junior students tend to obtain higher CTS scores than freshman and
sophomores.

Table6
Pearson Correlation for CTS-Grade Level.
Critical Thinking Skills Grade Level
Critical Thinking Skills 1.000 0.442
Grade Level 0.442 1.000

Linear regression was administered to see the direction of the correlation.
Based on the result of the regression analysis, it is known that a linear
correlation exists between CTS and grade level (see Table 7). The statistical data
shows that grade level explains 19.5% of the total variance in CTS score. This
result indicates a moderate positive and linear correlation between students'
CTS and grade level. In another word, grade level can be used to predict
students' CTSlevel.

Table7
Linear Regression Analysis for Critical Thinking Skills.

R R? F B t Sig.
0.442 0.195 52.909 11.680 34473 0.000
DISCUSSION

Improvement on students' CTS is one of main goals of chemistry teaching
curriculum in Indonesia. In this study, researchers have successfully analysed
the CTSlevel of pre-service chemistry teachers and investigated the correlation
between CTS and grade level. The result of this current study generally
indicates that students' CTS is still considered low. Most students are included
in the low up to moderate CTS level. Similar result was also found by Fuad etal.
(2017); Hadi, Susantini, and Agustini(2018); Hakim et al. (2016); Hapsari
(2016); Puspita, Kaniawati, and Suwarma (2017); Qing et al.(2010); Temel
(2014); Zhou, Ma, et al.(2012); and Zhou, Yan, et al. (2012)in which they
explained that the poor result might be caused by the failure of the teaching
and learning activities in facilitating students to think critically. In the study,
various attempts to improve the condition were made such as applying
various methods, strategies and student-active learning activities including
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inquiry, experiment, problem-based learning, and mini project laboratory.
Students' higher CTS improves the probability for the students to obtain better
academic achievements (Kazusa, 2012).

It was found in this study that the component of written presentation report
is the trait with the lowest score, followed by sources of information, content,
organization of the paper, and abstract. Written presentation is highly linked
with domain evaluation, while sources of information is related to the
knowledge and evaluation. Whereas, the content of the paper is linked with the
comprehension in Bloom's taxonomy (Oliver-Hoyo, 2003). Students' poor
writing ability has also been confirmed in other studies. Afrin (2016), for
example, found out that students' writing ability in Bangladesh was also weak.
There are several factors that cause low writing quality such as the lack of
practice in article writing, inadequate literature review, low text coherence and
organization, and the lack of formal training in scientific writing (Chokwe,
2013; Marusié¢, Misak, & Marusié, 2002; Olwell & Delph, 2004). As a matter of
fact, scientific writing ability is correlated with CTS. In another word, better
scientific writing ability improves students' critical thinking. Thus, attempts to
improve chemistry students' CTS can be done by improving students' ability in
writing laboratory report (e.g., Gupta, Burke, Mehta, & Greenbowe, 2015;
Kovac & Sherwood, 1999; Oliver-Hoyo, 2003; Stephenson & Sadler-McKnight,
2016).

A statistically significant difference was found between students' CTS
scores and the grade level. The highest CTS score is obtained by junior
students, followed by sophomores and freshman. In the last few decades,
education practitioners and researchers have conducted some studies that
investigated different grade level in CTS. Similar result was also found by Haw
(2011); Kermansaravi, Navidian, and Kaykhaei (2013); Ralston and Bays (2013);
Rollins (1990); Tiimkaya et al.(2009); and White et al. (2011) whose study
reported that students in the high grade level tend to have better CTS score. In
addition, Onwuegbuzie (2001) compared graduate and postgraduate students'
CTS. In the study, it was found that postgraduate students obtained a
significantly better CTS result than graduate students. This resultindicates that
the level of CTS is influenced by students' cognitive development.
Furthermore, the development of students' cognition influences students'
ability to think critically and logically.

Even though junior students obtained higher CTS scores compared to the
ones obtained by sophomores and freshman, yet those three group have not yet
obtained a satisfactory result. A number of students were included in the
lowestlevel of CTS. Moreover, there was no freshman student who managed to
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reach the high level of CTS. In relation to the finding, Rivas (2017) stated that
students' poor CTS is indicated by students' limited conceptual knowledge
and the lack of activities which drive students to think critically. Moreover,
previous studies have also linked with environmental and learning method
issues (e.g., Duron, Limbach, & Waugh, 2006; Salsali, Tajvidi, &
Ghiyasvandian, 2013; Wiesner et al.,, [12017). Regarding to the fact, it is
suggested that teachers shift their teaching paradigm to constructivism and
improve students' CTS by implementing student-centered teaching and
learning activities.

In case of association, a moderate positive and linear correlation has been
found between students' CTS and grade level. This finding implies that
students in the lower grade would likely to obtain lower CTS scores, while
students in the higher-grade level will obtain higher CTS scores. Several
studies on this phenomena have been done such as the one conducted by
Cano and Martinez (1991) who analysed secondary school students' critical
thinking ability, which study found that twelve graders consistently obtained
higher scores than those from other grades (grade 9-11). In a separated study,
Tiumkaya et al. (2009) investigated university students' critical thinking
disposition from various majors. The study confirmed that students' critical
thinking improved as the students continued their study to higher degree.
The study also suggests that higher education curriculum include education
programs that focus on enhancing students' critical thinking skills.

To have high CTS is the essential goal of universities in preparing students
to become professionals. The fact that at this present time university students
show relatively low CTS urges universities to improve this condition by
implementing certain programs. Qing et al. (2010) suggest that universities
apply experiment-based teaching method in the teaching of chemistry
courses in order to engage students into activities that require them to think
critically, besides there has to be a fine integration between the teaching of
theories and practices. In addition, Muhlisin, Susilo, Amin, and Rohman
(2016) recommends practitioners to use mind mapping strategy to support
the teaching and learning. Wartono, Hudha, and Batlolona (2018) emphasizes
on the implementation of an inquiry-discovery method, while Soltis,
Verlinden, Kruger, Carroll, & Trumbo (2015) proposes a process-oriented
guided inquiry learning strategy to improve students' CTS. The students
need to have high CTS to be able to analyse various supporting facts, find
logical solutions, put the knowledge into real life practices, and to be actively
involved as a part of the global society. All of those necessities can be
facilitated by implementing a constructivist learning method.
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CONCLUSIONS AND SUGGESTIONS

This study shows that generally, the average score of students' CTS is
considered low and written presentation has been the component that
appears as the trait with the lowest score. On top of that, there was no
freshman student who managed to achieve the high CTS level. Statistically, a
significant difference was found in students' CTS scores when the scores were
sorted by the grade level. The result of the correlation analysis indicates a
moderate positive and linear correlation between CTS and grade level. It is
highlighted that junior students obtained higher CTS scores in all of the
subscales used in this study compared to freshman students and
sophomores. The high CTS scores found in the upper grades might be related
to students' better cognitive development and richer experience after
attending several courses in chemistry. However, it is necessary to improve
this outcome. It is also suggested that students are given independence in
conducting their preferred experiments through discovery learning instead
of merely sticking on the guidebook. More importantly, students should be
trained to think critically by providing workshops in chemistry laboratory
report writing and other scientific writing training. Furthermore, teachers
should always apply student-centered learning that supports students to
experience better learning process and better learning achievement.
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