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Abstract—This study aims to explore the effectiveness of inquiry learning
models intervened by the reflective process to promote the critical thinking abil-
ity of preservice teachers in terms of cognitive style. This study is a quasi-
experimental research with one-group pretest posttest design. The research
sample involved 24 preservice physics teachers who studied at the Physics Edu-
cation Department - Mandalika University of Education (Undikma). Cognitive
style measurement uses the Group Embedded Figures Test (GEFT) to identify
groups of preservice teachers into the field dependent (FD) or field independent
(FI) cognitive style. Measurement of critical thinking ability using test instru-
ments in the form of essays consisting of 8 test items. Critical thinking ability
score is analyzed descriptively and statistically, where the normality test and
paired t-test was conducted. The results of the study show that as many as 13
preservice teachers are categorized into the FD cognitive style and 11 catego-
rized into the FI cognitive style. The average pretest score of the two cognitive
style groups (FD and FI) was 0.87 with the criteria of "less critically”, and after
the implementation of the inquiry learning model intervened by the reflective
process, the average posttest score was 16.25 with the criteria of “critically,”
and n- a gain of 0.64 with the criteria of "moderate.” These results indicate that
the inquiry learning model intervened by the reflective process is effective to
promote critical thinking ability of preservice teachers with FD and FI cognitive
styles.

Keywords—Inquiry learning models, reflective processes, critical thinking
ability, cognitive style.

1 Introduction

Retention, understanding, and active use of knowledge can be created only by
learning experiences where students are able to think. Some experts conclude that
humans do not have a natural tendency to think critically. Even highly motivated
people often don't think critically [1]. Critical thinking is the domain of high-level
thinking, where high-level thinking can and should be taught at all levels of educa-
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tion, especially at the level of higher education [2, 3]. Learning at the higher educa-
tion level based on academic principles not only provides professional skills, but also
general skills such as critical thinking to learners [4]. Optimizing the achievement of
critical thinking in learner is when they study at the higher education level. When in
higher education, learners are faced with broader and complex problems that require
critical thinking [5]. Developing learners’ critical thinking means supporting their
academic freedom [6]. In addition, critical thinking is very important for the future
role of learners as citizens in a democratic society, and supports their work abilities in
the future [7]. Critical thinking has been defined as a set of cognitive abilities or skills
related to the process of logical analysis and evaluation of arguments [8, 9]. Ennis
[10, 11] argue that critical thinking as a reasonable and reflective thought that focuses
on deciding what to believe or do.

John Dewey as a philosopher and psychologist has long introduced the concept of
critical thinking. Dewey introduced critical thinking as reflective thinking [12]. Refer-
ring to this concept, previous researchers [13, 14, 15, 16] have conducted studies on
critical thinking. Interestingly, they found that learners cannot think critically because
teachers do not integrate the process of achieving critical thinking with learning prac-
tices that require some reflection. Theoretically, it cannot be denied that critical think-
ing as sensible and reflective thinking, but the concept of reflective thinking as a pre-
cursor to training critical thinking has not been adequately researched, most studies
have not provided effective strategies on how to combine these two concepts, ulti-
mately the need for practicing critical thinking does not find much success [17].
Teaching critical thinking ability in the classroom requires a holistic approach and
must involve a set of appropriate and goal-oriented learning models that allow learn-
ers to manipulate their cognitive skills [18, 19, 20, 21].

Learning to improve the critical thinking ability, especially in science learning has
been widely carried out including through inquiry activities [22, 23, 24]. According to
Skamp [25], an effective science learning strategy is to give students the opportunity
to conduct independent investigations by linking learning to everyday life and the
environment. The intended science learning strategy is inquiry [26]. Inquiry is in
accordance with constructivist principles, which gives learners the opportunity to
build new understanding based on experience by exploring various phenomena in the
environment [27]. In addition, many of the objectives of inquiry activities focus on
critical thinking abilities, for example; identifying assumptions, using logical think-
ing, analyzing direct events and phenomena, critical analysis of secondary sources,
analyzing arguments by reviewing current scientific understanding, considering evi-
dence, and logic examining [28]. However, the implementation of inquiry in the field
often ignores the core of the critical thinking process, namely the reflective process.
The tendency of the implementation of the inquiry model so far still emphasizes
learning to find and test concepts or facts in a simple way, whereas the core of the
learning process is how learners can regulate thinking not only theoretically but also
practically to be used in more complex contexts [22]. Regulation of thought when the
learning process is part of the reflective process that can support the success of learn-
ing according to the expected goals [29].
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In its implementation in the classroom, the inquiry model needs to be intervened by
reflective processes that aim to promote critical thinking ability. This study aims to
explore the effectiveness of the inquiry learning model intervened by the reflective
process to promote critical thinking ability of preservice teacher in terms of cognitive
style. Cognitive style in learning is important to consider, because the critical thinking
ability is related to the earner's cognitive style [30]. The relationship is how individu-
als receive, store, process and present information with a high level of consistency
that will affect the behavior and activities of individuals both directly and indirectly
[31]. Someone with a field-dependent (FD) cognitive style can think globally, accept
and follow available information, and tend to prioritize external motivation, whereas
someone who has a field-independence (FI) cognitive style is good at analyzing ob-
jects that are separate from their environment, classifying objects, and prioritizing
internal motivation [32]

2 Methodology

This study is a quasi-experimental study, where one-group pretest posttest design is
conducted. The sequence of this research process are sample selection, measurement
of cognitive style using the Group Embedded Figures Test (GEFT), pretest, treatment
(learning with inquiry models intervened by reflective processes), posttest, and finally
analysis of results. The study sample involved 24 preservice teachers (14 male and 10
female) in the Physics Education Department - Mandalika University of Education
(Undikma), with an average age between 19-21 years. Cognitive style measurement
uses GEFT as many as 18 item items (figure test) to identify the sample group into the
cognitive style FD or FI [33]. Pretest and posttest to measure the critical thinking
skills of the sample, where the instrument used was in the form of essay questions
consisting of 8 items. Treatment in this study is to implement an inquiry model that
intervenes in the reflective process. The learning is carried out during four meetings
on the subject of fluid mechanics, each meeting lasting about 150 minutes.

The GEFT score is 0 and 1, if the correct answer is given a score of 1 and if the
wrong answer is given a score of 0. The individual GEFT score is interpreted into two
categories, the cognitive style of FD if the acquisition scores from 0 to 11, and the
cognitive style of FI if scores from 12 to 18. Meanwhile, each individual's critical
thinking ability scores are analyzed using a multilevel scale (five scales) with the
lowest score -1 (minus one) and the highest +3 (plus three). Furthermore, the critical
thinking scores (CTs) of each preservice teachers are interpreted into the categories of
very critically (CTs> 17.6), critically (11.2 <CTs < 17.6), quite critically (4.8 <CTs <
11.2), less critically (-1.6 <CTs < 4.8), and not critically (CTs < -1.6) [2, 21, 23]. The
effectiveness of the inquiry model intervened by the reflective process to promote
critical thinking ability is characterized by an increase in the critical thinking ability
scores. Analysis of increasing scores using the n-gain equation, where if n-gain is >
0.70 then the criteria for increasing scores are high, 0.30 to 0.70 has moderate criteria,
and <0.30 has low criteria [34]. Data analysis of critical thinking skills is done de-
scriptively and statistically, where the normality test and t-test (pait-t test) are con-
ducted.
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3 Results and Discussion

The GEFT analysis shows as many as 13 preservice teachers are categorized into
the FD cognitive style and as many as 11 categorized into the FI cognitive style. The
results of the measurement of preservice teachers’ critical thinking ability before and
after the implementation of the inquiry model intervened by the reflective process for
each cognitive style are presented in Table 1 and Table 2, where the average score of
critical thinking at the time of the pretest for groups of students with FD cognitive
style is 0.84 (n = 13) with the criteria of "less critically” (-1.6 <CTs < 4.8) and the
average posttest score was 16.23 with the criteria of "critically" (11.2 <CTs < 17.6),
with an increase in the average score of critical thinking (n -gain) is 0.62 with the
criteria of "moderate.” Whereas for the group of preservice teacher with FD cognitive
style, the average score of critical thinking at the time of the pretest is 0.91 (n = 11)
with the criteria of "less critically” (-1.6 <CTs < 4.8) and the posttest average score is
16.27 with the criteria of “critically” (11.2 <CTs < 17.6), with n-gain of 0.66 with the
"moderate” criteria.

Table 1. The results of the measurement of critical thinking ability

NU Cognitive Pretest Posttest n-gain| Criteria
' style CT score Criteria CT score Criteria
1 |FI -1 less critically 15 critically 0.64 |moderate
2 |FI -1 less critically 17 critically 0.72 |high
3 |FD 4 less critically 18 very critically 0.70 |moderate
4 |FD -1 less critically 17 critically 0.72 |high
5 |FI 1 less critically 17 critically 0.69 |moderate
6 |FD 3 less critically 14 critically 0.52 |moderate
7 |FD 2 less critically 15 critically 0.59 |moderate
8 |FD -1 less critically 14 critically 0.60 |moderate
9 |FD 0 less critically 17 critically 0.71 |high
10 |FI -1 less critically 19 very critically 0.80 |high
11 |FI 3 less critically 16 critically 0.62 |moderate
12 |FD 0 less critically 18 very critically 0.75 |high
13 |FI 3 less critically 17 critically 0.66 |moderate
14 |FI 3 less critically 17 critically 0.66 |moderate
15 |FI 3 less critically 15 critically 0.57 |moderate
16 |FD 0 less critically 18 very critically 0.75 |high
17 |FI -1 less critically 16 critically 0.68 |moderate
18 |FD 3 less critically 14 critically 0.52 |moderate
19 |FD 3 less critically 17 critically 0.67 |moderate
20 |FD 0 less critically 16 critically 0.67 |moderate
21 |FI 2 less critically 15 critically 0.59 |moderate
22 |FD -1 less critically 18 very critically 0.76 |high
23 |FI -1 less critically 15 critically 0.64 |moderate
24 |FD -1 less critically 15 critically 0.64 |moderate

Overall, the results in Table 2 show that the average pretest score of the two cogni-
tive style groups (n = 24) was 0.87 with less critical criteria and posttest was 16.25
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with critical criteria, with n-gain of 0.64 with "moderate"” criteria. These results indi-
cate that there is an increase in the critical thinking ability of preservice teacher for
each cognitive style after the implementation of the inquiry model intervened by the
reflective process.

Table 2. Comparison of the average scores of critical thinking ability for
FD and FI cognitive styles

Cognitive Pretest Posttest . o
style Nu. | CT score Criteria CT score Criteria n-gain Criteria
average average
FD 13 0.84 less critically 16.23  |critically 0.62 |moderate
Fl 11 0.91 less critically 16.27  |critically 0.66 |moderate
Average 0.87 less critically 16.25  |critically 0.64 |moderate

Differences in critical thinking ability scores were statistically tested using the t-
test (pair-t test), where the normality test of the data as a prerequisite test was carried
out. The results of the normality test showed that the data variant was not normally
distributed (the significance value of 0.003 was smaller than alpha testing). Because
the data are not normally distributed, the pair t-test uses the Wilcoxon test. The results
of the pait-t test are shown in Table 3.

Table 3. The result of pair t-test using Wilcoxon among pretest and posttest score

N Mean rank Sum of rank Z Sig.
Negative Ranks 0 0.00 0.00 -4.296 0.000
Positive Ranks 24 12.50 300.00
Ties 0
Total 24

The negative value of critical thinking rank is 0 for n, mean rank, and sum of rank
which shows that there is no decrease in the pretest score for the posttest of all pre-
service teachers. This means that as many as 24 preservice teachers have increased
critical thinking scores (positive rank). Ties also have a value of 0 which indicates
there is no equal score between the pretest and posttest of each preservice teachers.
Furthermore, the results of the pair-t test showed that the significance value (0.000)
was smaller than alpha testing (0.05), meaning that there were differences in the
scores of preservice teachers’ critical thinking ability between pretest and posttest.
The elaboration of the results of this analysis is very clear that the inquiry learning
model intervened by the reflective process is effective to promote preservice teachers'
critical thinking ability in both groups of preservice teachers with FD and FI cognitive
styles.

An important finding of this study is that the inquiry model that intervened in the
reflective process is suitable to be implemented to learning to promote critical think-
ing ability with the characteristics of both field dependent and field independent cog-
nitive styles. The critical thinking aspects measured in this study are analysis, infer-
ence, evaluation, and decision making. The results of previous studies [35] showed
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that learners with FI cognitive styles tended to be stronger in using their critical think-
ing than FD. Likewise, the results of a study by Listiagfiroh & Ellianawati [36], their
findings were that FI learners were better at critical thinking compared to FD learners.
The FD learners need guidance in the process of solving problems and the use of
critical thinking. However, an important finding from this study is that with the treat-
ment of inquiry learning models intervened by the reflective process, preservice
teachers’ critical thinking ability can be promote and the results are those with cogni-
tive styles both FD and FI show good performance in critical thinking. Reflective in
inquiry learning requires learners to be curious, open-minded, and responsible for the
knowledge they have or is being explored. Furthermore, reflective learning requires
learners to carry out a systematic self-evaluation cycle through open discussion or
written analysis during the learning process facilitated by the instructor [37]. The
forms of reflective process intervention in inquiry teaching that support the critical
thinking of preservice teachers are monitoring- process, control-process, evaluation of
performance, and sustainable reflection [22, 29].

4 Conclusion

The implementation of the inquiry model intervened by the reflective process can
promote the critical thinking ability of preservice teachers with both FD and FI cogni-
tive styles. The critical think ability of preservice teachers increased from less critical-
ly to critically after the implementation of the inquiry model intervened by the reflec-
tive process. These results indicate that the inquiry learning model intervened by the
reflective process is effective to promote the critical thinking ability of preservice
teachers with FD and FI cognitive styles.
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