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Abstract

The aim of this study was to examine the effects of critical thinking (CT) teaching involv-
ing general, immersion, and mixed approaches on the CT skills and dispositions of high-
school students. The study, which had three experimental groups (EG) and one control
group, employed a pretest—posttest control-group quasi-experimental design. CT teaching
was initiated with a general approach in EG I, an immersion approach in EG II, and a
mixed approach in EG III. The Critical Thinking Skill Test and UF/EMI Critical Thinking
Disposition Instrument were used to collect the data. General, immersion, and mixed ap-
proaches improved CT skills and dispositions, with a large effect size for the improvement
of CT skills. CT teaching with general, immersion, and mixed approaches had large, mod-
erate, and small effects, respectively, on improving CT dispositions. In terms of improv-
ing CT skills and dispositions, the most effective approach, respectively, was the general,
mixed, and immersion approach.

Keywords Critical thinking teaching - General approach - High-school students -
immersion approach - Mixed approach

Introduction

Critical thinking (CT), in many classifications of higher-order thinking skills in the litera-
ture (Lipman, 2003; Presseisen, 1985), is a functional and sensible way of thinking that is
employed by individuals for deciding what to believe or to do in the face of problems (Ennis,
1991). CT is basically individuals’ act of defending themselves against the world in an era
when a great amount of information is easily accessible or several people try to influence
us or our thoughts (Epstein & Kernberger, 2012). Individuals acquire healthy and accurate
information about their surroundings through CT by questioning, examining, and evaluating

< Ali Orhan
ali.orhan@beun.edu.tr

School of Foreign Languages, Zonguldak Biilent Ecevit University, Zonguldak, Turkey

Faculty of Education, Diizce University, Diizce, Turkey

@ Springer


http://orcid.org/0000-0003-1234-3919
http://crossmark.crossref.org/dialog/?doi=10.1007/s10984-022-09413-1&domain=pdf&date_stamp=2022-6-17

200 Learning Environments Research (2023) 26:199-217

information. That evaluation is the task of reviewing the underlying reasons and looking for
sound evidence to decide whether the information is accurate or not (Mason, 2008). Thanks
to CT, individuals evaluate the sensibility and accuracy of information, claims and judge-
ments and, after that, come to conclusion (Lewis & Smith, 1993).

Another major point about CT is that it involves not only skills such as inference, deduc-
tion or interpretation, but also a disposition towards using those skills such as being open-
minded, systematic, or willing to seek the truth (Ennis, 2018). According to Paul & Elder
(2001), CT dispositions are regarded as vital as CT skills because having high CT skills
is not enough to use those skills in everyday life. Therefore, it can be said that individu-
als can be seen as good critical thinkers only when they have high CT skills and disposi-
tions together (Profetto-McGrath, 2003). If the individual does not have a strong inclination
towards using CT skills, these skills might not be used by the individual; on the other hand,
without having high CT skills, having high CT dispositions might be meaningless (Profetto-
McGrath et al., 2003). Therefore, it is important for individuals to have high CT skills and
strong dispositions together.

As one of the most essential skills that students from all educational levels should pos-
sess (Ennis, 2018; Kaeppel, 2021), CT attracts much-deserved attention in the business
world as well (Al-Zou’bi, 2021). The Future of Jobs Report (World Economic Forum, 2020)
lists CT among the top ten skills to be required in the business world in 2025. Moreover, the
International Summit on the Teaching Profession held in 2016 listed CT as being among the
most-important skills for elementary-school students who are still studying and will start
their careers approximately in 2030 (Schleicher, 2016).

In this century, there is consensus on the importance of CT for societies, but debate on
how it is to be taught is still in progress (Bellaera et al., 2021; Lombardi et al., 2021). CT
skills can be taught to everyone through an appropriate education (Kennedy et al., 1991;
Scriven & Paul, 2005) regardless of age (Bailin et al., 1999) or level of intelligence (Lewis
& Smith, 1993). However, there are different opinions on how such appropriate education of
CT will be performed. In the literature, approaches to CT teaching are addressed under the
four topics of infusion, immersion, general, and mixed approaches (Ennis, 1991).

The main point in the infusion approach is to teach CT skills and the subject area explic-
itly. Hence, the teacher has two main objectives which are to teach the subject area and
foster CT skills. Students utilize their CT skills by adapting them to the subject area (Gann,
2013). In the immersion approach, CT skills should not be taught explicitly when infor-
mation on the subject area is conveyed to students (Hager & Kaye, 1992). Therefore, its
significant difference from the infusion approach is that the students are not taught CT skills
directly. In the immersion approach, it is considered that CT skills develop automatically
through activities such as discussion, pair work, group work, and problem solving which are
utilized when teaching the subject area (Gann, 2013). The main assumption which underlies
this approach is that CT skills depend on given content and that, without acquiring informa-
tion about the subject area first, individuals cannot utilize their CT skills on that specific area
(McPeck, 1981; Willingham, 2008). Thus, teaching CT skills along with the subject area
yields more-effective results than teaching skills independently of the subject area (Daniel
& Auriac, 2011; Mason, 2008). Having a deep relationship with the subject area, CT skills
cannot be converted into behavior by students who do not possess sufficient knowledge on
the subject area (Willingham, 2008). The CT process is about the content of thinking, and
these skills cannot be learned at once and easily transferred to different areas. According
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to Ruggerio (1988), there are two main reasons why CT is taught along with content. One
reason is the challenge of ensuring that CT skills become retentive in students, and the other
reason is that infusion of CT skills across the course content increases interest, desire, and
motivation with regards to the course.

In the general approach, CT should be taught independently of the subject area. Accord-
ingly, there is no need for any content in CT teaching (Ennis, 1997) and one should attempt
to teach students CT skills within the scope of a separate course (Ennis, 1997; Tan, 2002).
Content in the general approach is the CT skills itself. Indeed, when CT skills are taught in
a separate course, it is ensured that students’ only focus is those skills (Gann, 2013; Lipman,
1988). Instead of struggling with learning information in the subject area, students spend
their energy and effort on acquiring the CT skills (Ian, 2002). In addition, for a student who
has acquired CT skills independently of a subject area, it is easier to transfer those skills
to different subject areas, outside-school contexts, or the real world (Ennis, 1997; Haskell,
2001). While fostering CT skills, students need well-planned practices, which are only pos-
sible through CT teaching in a separate course (Van Gelder, 2005).

The mixed approach utilizes general and infusion or immersion approaches to CT teach-
ing together (Nicholas & Raider, 2011). In this approach, CT teaching starts with the general
approach and continues with the infusion or immersion approach, or the infusion or immer-
sion approach is followed by the general approach (Gann, 2013). Reviewing the studies
that involve CT teaching with several approaches, Kennedy et al., (1991) state that, because
those approaches are not superior to each other, one should use the mixed approach. Indeed,
the mixed approach allows combining the strengths of general, infusion and immersion
approaches.

Previous studies on teaching CT

Arisoy & Aybek (2021) conducted an experimental study to examine the effect of CT teach-
ing with the general approach on students’ CT skills and dispositions and concluded that it
enhanced students’ CT skills (#*=0.52) and dispositions (#?=0.66) with large effect sizes.
Also, in their study aiming to investigate the effect of CT teaching with the immersion
approach on CT skills, Schreglmann & Karakus (2017) concluded that it enhanced students’
CT skills with a large effect size. Besides, in their study investigating the effect of CT teach-
ing with general approach on CT skills and dispositions, Taghinezhad & Riasati (2020)
found that teaching CT explicitly enhanced students’ CT skills (d=2.83) and dispositions
(d=0.80) with large effects. Aybek (2006) conducted a study with two experimental groups
and one control group to compare the effect of immersion and general approaches on CT
skills and dispositions. In her study with university students, Aybek (2006) used CoRT 1
program to teach CT skills explicitly and used the immersion approach in social sciences
lesson. CT teaching both with the general approach (skills d=2.19, dispositions d=2.01)
and the immersion approach (skills d=1.10, dispositions d=1.08) enhanced students’ CT
skills and dispositions. Also, it is possible to say that CT teaching with the general approach
enhances students’ CT skills and dispositions more than the immersion approach (skills
#*=0.43, dispositions #°=0.19).

In their study with two experimental and one control groups, Marin & Halpern (2011)
examined the effect of the general and immersion approaches on the CT skills of high-
school students. According to Marin & Halpern (2011), both general (d=0.67) and immer-
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sion approaches (d=0.25) increase students’ CT skills. Also, the general approach is more
effective than the immersion approach to enhance CT skills (d=0.51). When Kurnaz (2017)
compared the effect of general and immersion approaches on CT skills, the general approach
was more effective than the immersion approach in enhancing CT skills (7>=0.23). Also,
there have been many other experimental studies which concluded that the general approach
(Ar1, 2020; Eldeleklioglu & Ozkilig, 2008; Karadag & Demirtas, 2018; Rahdar et al., 2018;
Zulkifli & Hashim, 2020), the immersion approach (Bag, 2020; Fung & Howe, 2012; Reed
& Kromrey, 2001; Yuan et al., 2008) and the mixed approach (Ku et al., 2014; Plath et al.,
1999) enhances CT. Although there have been several experimental studies of the effective-
ness of these approaches, there is no consensus about which approach is more effective
(Caceres et al., 2020; Larsson, 2017). Moreover, there are a few studies that compared the
effect of immersion and general approaches to CT teaching (Aybek, 2006; Kurnaz, 2007;
Marin & Halpern, 2011; Williams & Worth, 2001).

Thus, with the aim of comparing the effects of immersion, general, and mixed approaches
on CT, this study is important. Also, our study is important for addressing the mixed
approach in addition to the immersion and general approaches which have been studied
more frequently, thus making it possible to compare how the three most basic approaches
to CT teaching affect CT. Besides, this study is important for learning environments that
aim to enhance CT because it provides some important evidence for the best approach for
teaching CT.

Research questions

Therefore, the aim of this study was to investigate the effects of CT teaching involving
general, immersion, and mixed approaches on the CT skills and dispositions of high-school
students. To this end, answers to the following questions were sought for:

1. Are there any significant differences in the Critical Thinking Skill Test for High School
Students (CTST) pretest and posttest scores between a control group and (a) the experi-
mental group (EG) I for which CT teaching involved the general approach, (b) the EG
IT group for which CT teaching involved the immersion approach, and (c) the EG III
group for which CT teaching involved the mixed approach?

2. Are there any significant differences among the CTST posttest scores of the students in
the EG 1, II, 111, and control groups?

3. Are there any significant differences between EG I, II, III and the control groups in
terms of students’ scores on the UF/EMI Critical Thinking Disposition Instrument
(CTDI) pretest and posttest?

4. Are there any significant differences between the EG I, 11, III, and the control groups in
terms of students’ CTDI posttest scores?
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Method
Research design

In this study, a pretest—posttest control-group quasi-experimental design was employed.
While CT skills and CT dispositions were the dependent variables, the general, immer-
sion, and mixed approaches to CT teaching were the independent variables. In this research
design, groups are randomly assigned (Biiylikoztiirk et al., 2014). Our study was quasi-
experimental because the existing classes were utilized at the high school where the study
was carried out. Of four randomly-chosen classes, three were assigned as EGs, and one was
assigned as the control group. Table 1 presents the design used in the research.

CT teaching was initiated with the general approach in EG I, with the immersion approach
in EG II, and with the mixed approach in EG III. In EG III, CT teaching was started with
general approach and finished with the immersion approach. No experimental procedures
were followed in the control group, and the students in this group continued their curricu-
lum being practiced in their school. The CTST and CTDI were implemented as pretests and
posttests in all groups.

Study group

The study group consisted of 114 ninth-grade students studying in four different classes of
a high school in northern Turkey in the academic year of 2019-2020. There were six ninth-
grade classes in the high school and four of them were randomly chosen. After that, the
classes were randomly assigned as EGs and a control group. All students voluntarily partici-
pated in the study and none of them had received any previous training on CT. Ninth-grade
high-school students were chosen as the study group because generating positive attitudes
and behaviors including CT skills and dispositions is easier with younger ages (Lee, 2018;
Lombardi et al., 2021). Before the study, when a priori power analysis for conducting a
one-way ANOVA with 4 groups was carried out using Faul et al.’s (2007) G*Power 3 soft-
ware program, it was found that the minimal sample size of students needed for this study
(alpha=0.05, power=0.95) to have a large effect (#°=0.25) was 56 based on the previous
experimental studies (Aybek, 2006; Kurnaz, 2017; Marin & Halpern 2011). Therefore, the
sample size of 114 in this study was adequate.

Table 1 Design used in the Group Pretest CT teaching Postttest

rescarch EGI CTST+CTDI  general approach CTST+CTDI
EGII CTST+CTDI immersion approach CTST+CTDI
EG III CTST+CTDI mixed approach CTST+CTDI
CG CTST+CTDI X CTST+CTDI

EG I: general approach

EG II: immersion approach

EG III: mixed approach

CG: control group

CTST: Critical Thinking Skill Test for High School Students
CTDI: UF/EMI Critical Thinking Disposition Instrument
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As it can be seen in Table 2, there were 29 students in EG I, 26 students in EG II, 29
students in EG III, and 30 students in the control group. Of the students in EG I, 65.5% are
females and 34.5% are males. Mothers of those students are graduates of high school (31%),
university (27.6%), primary school (20.7%), and secondary school (20.7%), respectively.
The majority of their fathers are graduates of high school (41.4%) and university (41.4). Of
the students in EG II, 61.5% are females and 38.5% are males. The majority of their mothers
are graduates of primary school and secondary school (53.8%) and 23.1% of the mothers are
university graduates. Fathers of EG II students are graduates of high school (38.5%), uni-
versity (26.9%) and secondary school (19.2%). Of the students in EG I1I, 55.2% are females
and 44.8% are males. The majority of their mothers are high school graduates (44.8%), with
20.75% of mothers who are university graduates (20.7%) and 20.7% of mothers who are
graduates of primary school. The majority of their fathers are graduates of high school and
university (69%). Of the control group students, 53.3% are females and 46.7% are males,
with 33.3% of their mothers being university graduates while 30% of them graduated from
high school. 33.3% of their fathers are university graduates, whereas 30% of them graduated
from high school.

The students can enroll and study in the high school in which the study was conducted
after a nationwide examination. Therefore, it is possible to say that the students in four
groups are comparable to each other in terms of academic success. Also, because it is a public
high school, families of the students in all groups had similar socio-economic backgrounds.

As presented in Table 3 and 4, there was no statistically-significant difference between
the three EGs and one control group for the pretest scores of students for the CTST (XZ(Sd:l
n=114)=0.555, p>0.05) and the CTDI (F{;,4,=2.273; p>0.05).

Procedure

In the EGs, the courses were held for two class hours a week for ten weeks in total. The
duration of the courses was 40 min. The researcher was the instructor of the courses for
all EGs. Control group students continued the curriculum being taught in their school and
no experimental procedures were followed in this group. The researcher did not have any
extra teaching motivation when implementing CT activities in three EGs not to influence

Table 3 Kruskal-Wallis H test results for CTST pretest scores

Group N Mean rank b df p e Sig. difference
EGI 29 63.41 6.555 3 0.088 - -

EGIL 26 58.94

EG III 29 63.62

Control 30 44.62

Table 4 One-Way ANOVA test results for CTDI pretest scores for four groups

Group N X SD df F P 7 Sig. difference
EGI 29 3.84 0.41 3/110 2.273 0.084 - -

EGII 26 3.65 0.44

EGIII 29 3.81 0.48

Control 30 3.60 0.31
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the results of the current study. Besides, the researcher did not perform any extra activities
to increase student motivation in any EGs and just followed the pre-prepared lesson plans.
The activities and materials related to CT teaching were conducted in all groups just as
planned by the researcher. The researcher formed a democratic classroom environment as
much as possible during the teaching and organized the classroom to allow group work and
10—15 min breaks between two courses in all groups.

CT teaching with general approach

In CT teaching with the general approach in EG I, six steps suggested by Beyer (1991)
and part one of CoRT thinking program developed by De Bono (2019) were utilized. In
those courses of EG I, CT skills were taught explicitly, with the students being informed of
the objective. Beyer (1991) suggests six steps for CT teaching with the general approach:
introduction, guided practice, independent practice, transfer, guided practice, and autono-
mous practice. In fact, it is possible to consider the steps suggested by Beyer (1991) in two
groups because the first three steps and the last three steps are similar to each other. While
the first three steps are related to the learning of the skill, the last three steps are related to
the transfer of the skill to different areas. Both three-step sections start with guided practices
and end with autonomous practices of the skill. Six steps suggested by Beyer (1991) start
with informing students of the skill and end with students’ autonomous use of the skill. In
this process, progression starts in company with a guide and continues as an independent
practice. The instructional plan used in the present study was prepared in consideration of
the steps suggested by Beyer (1991) and using the CoRT 1 thinking program for CT teach-
ing with the general approach. In the courses, students were explicitly taught about CT
skills before being asked to use these skills in five distinct activities. During those activities,
teacher guidance was gradually reduced, with the last activity being completed indepen-
dently by the student. Next, the process was discussed with the students and the principles
for using the skills were agreed upon mutually.

CT teaching with immersion approach

Because the content used for CT teaching in EG II was environmental education, students
were taught the CT skills indirectly through immersion in environmental education rather
than explicitly. The instructional plans used for CT teaching with immersion approach were
prepared based on the instructional plan development process developed by Paul et al.,
(1990) which involves CT strategies. When designing the instructional plans, the three CT
strategies identified by Paul et al., (1990) (affective strategies, macro-abilities, and micro-
skills) were embedded into the plans. In the courses, students’ attention was drawn to the
subject, the students were informed of that day’s objective, and the stimulating material was
presented. Then, the subject was presented to students and learning was guided. Finally,
activities were performed to allow students to exhibit the target behaviors, and the course
was completed with an activity which made it easier for the student to recall the subject.
During the courses, activities such as group work, discussion, pair work, and problem solv-
ing were utilized a lot to teach the subject related to environmental education.
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CT teaching with mixed approach

The CT teaching in EG III was conducted with the general approach in the first five weeks
and the immersion approach with environmental education in the last five weeks. The same
lesson plans used for CT teaching with general and immersion approach were also used in
mixed CT teaching.

Control group

No procedures were followed for the control group students other than the implementation
of the measures as pretests and posttests. These students experienced the courses within
their curriculum, which was checked to see whether the control group students took any
courses or carried out activities about CT in the spring term of 2019-2020 academic year. It
was understood that no effort had been made regarding the CT teaching.

After the pretests had been implemented in four groups in the first week of the spring
term in 2019-2020 academic year, the experimental procedure was started in the second
week of the term. Because of the COVID-19 pandemic, instructional materials and plans
were adapted to distant education so that the final four weeks of the experimental procedure
were completed with online classes.

Measures
Critical Thinking Skill Test for High School Students (CTST)

The CTST developed by Orhan & Ceviker Ay (2022) was utilized to measure students’
CT skills. This test was based on the CT skills classification by Watson & Glaser (1994).
It has 51 items in total and five sub-skills, namely, inference (10 items), evaluating argu-
ments (8 items), deduction (11 items), recognizing assumptions (12 items) and interpreta-
tion (10 items). The test has multiple-choice items and was developed to evaluate students’
CT skills. Its mean item difficulty value and mean item discrimination value was 0.52 and
0.42, respectively. For the test’s criterion validity, the decision-making skill was used based
on the previous literature (Chang et al., 2020; Halpern, 2003; Ozgenel, 2018), and the stu-
dents who were cautious and picky when making a decision were found to have significantly
higher scores than students who acted complacently, panicked and tended to avoid taking
responsibility when making a decision. KR20 reliability coefficients ranged between 0.62
and 0.76 for the sub-tests and was 0.87 for the total test. Students receive 0 point for their
incorrect response and 1 point for correct answers, with the maximum score being 51 and
minimum score being 0 for CTST.

UF/EMI Critical Thinking Disposition Instrument

The CTDI developed by Irani et al. (2007) and adapted to Turkish language by Kili¢ & Sen
(2014) was used to determine students’ CT dispositions. The instrument has the three sub-
dimensions of engagement, maturity, and innovativeness. In adaptation study with 342 high
school students by Kili¢ & Sen (2014), one item was omitted from the instrument, but the
other items were consistent with the original construct. Reliability estimates of the CTDI’s
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sub-dimensions ranged from 0.70 to 0.88 and it was 0.91 for the total scale. CFA conducted
for the present study confirmed the three-factor structure of the instrument (y*/sd=2.05;
RMSEA=0.08; CF1=0.93; SRMR=0.10). The reliability coefficients calculated for the
present study were 0.85, 0.68, 0.70, and 0.86 for engagement, maturity, innovativeness, and
total scale, respectively.

Data collection

Upon ethical committee approval (No. 2019/86 dated 5.11.2019) and research approval
(No. E23489630 dated 27.11.2019), data were collected in the spring term of the 2019-2020
academic year. Pretests were administered in the first week of the term before the CT teach-
ing started in all groups, whereas posttests were administered after the CT teaching finished
in all groups. Students were informed about privacy and confidentiality issues, as well as
their right to withdraw from the study whenever they want. Administration time for the
CTST was about 40 min and for the CTDI was about 20 min.

Data analysis

SPSS 20 statistical software was used to analyze the data. Firstly, each variable was reviewed
to see if there were any missing data, and no missing data were found. Then, normality was
tested for data distribution. In this study, we used z transformation to determine outliers for
each variable. Tabachnick & Fidell (2012) suggest that z-scores with values higher than
3.29 can be seen as potential outliers, but no outliers were found in this study. We also
checked multivariate outliers with Mahalanobis Distance scores (Mahalanobis D?), but no
influential outliers were seen in the dataset. In this study, paired samples ¢ tests were used
to determine the effect of time on CT skills and dispositions of high school students in the
groups with normally-distributed data, while the Wilcoxon Signed-Rank Test was utilized
in other groups. Furthermore, one-way ANOVA was conducted to analyze the effects of
general, immersion, and mixed approaches on the CT skills and dispositions of students in
the groups with normally-distributed data, while the Kruskal-Wallis H test was utilized in
other groups.

Results
Results on CT skills
The results of the paired-samples ¢ test results for the CTST pretest and posttest scores of

EG I students are shown in Table 5, which indicates a significant difference between the
pretest and posttest scores of EG I students (¢,y=-10.482; p<0.05) in favor of the posttest.

Table 5 Paired samples ¢ test for the CTST pretest and posttest scores of EG I students

Group Test N X SD t p d
EGI Pretest 29 34.96 5.52 -10.482 0.000 3.04
Posttest 29 47.41 1.74
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Moreover, the CT teaching with the general approach greatly improved CT skills of the
high-school students (d=3.04).

As shown in Table 6, a significant difference was found between the CTST pretest and
posttest scores of EG II (z=-4.335; p<0.05) and EG III students (z=-4.717; p<0.05) in favor
of the posttest. Both the immersion approach (d=3.22) and the mixed approach (d=3.52)
to CT teaching greatly improved the CT skills of high-school students. There was no sig-
nificant difference between the CTST pretest and posttest scores for the control group (z=-
0.480; p>0.05). In other words, the teaching in the control group did not improve students’
CT skills.

Kruskal-Wallis H test results for the CTST posttests of students in three EGs and one
control group are provided in Table 7. A significant difference can be observed among the
CTST posttest scores of the students in EG I, EG II, EG III and the control group (Xz(sd:3,
n=114y="79.544, p<0.05). CT posttest scores of the EG I students to whom CT was taught
with the general approach (X:47.41) had higher scores than EG II students (X:39.61) and
EG III students (X :44.06), which accounted for a significant difference. In addition, EG III
students to whom CT was taught with the mixed approach (X:44.06) had higher and sig-
nificantly different CTST posttest scores than EG II students (X:39.61). The CTST posttest
scores of students in three EGs were higher than the scores of the control group students,
and these differences were significant. The intergroup difference had a large effect size for
CT skills (°=0.69). Thus, 69% of the change in the CT skills of the students was attribut-
able to the intergroup difference.

Table 6 Wilcoxon Signed-Rank test for CTST pretest and posttest scores of EG 11, III, and control groups

Group Posttest—Pretest N Meanrank  Sumofranks =z P d
EGII Negative Ranks 1 2.00 2.00 -4335  0.000 322
Positive Ranks 24 13.46 323.00
Ties 1
EGII Negative Ranks 0 0.00 0.00 -4.717  0.000  3.52
Positive Ranks 29 15.00 435.00
Ties 0
Control group Negative Ranks 11 16.55 182.00 -0.480  0.631 -
Positive Ranks 17 13.18 224.00
Ties 2

Table 7 Kruskal-Wallis H test results for CTST posttest scores of the students in three EGs and control group

Group N Mean rank 1 SD p e Sig. difference
EGI 29 93.48 79.544 3 0.000 0.69 A-D
EG Il 26 46.31 B-D
EG III 29 6991 c-D
A-C
Control 30 20.42 A-B
C-B

EG I=A EG II=B EG III=C Control Group=D
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Results on CT dispositions

The results of the paired-samples ¢ test results for the CTDI pretest and posttest scores of
all groups are shown in Table 8. This table shows a significant difference between CTDI
pretest and posttest scores of EG I (¢,5=-9.272, p<0.05), EG II (#,,=-5.872, p<0.05) and EG
I (¢,4=-4.167, p<0.05). CT teaching with the general approach had a large effect (d=1.12),
CT teaching with the immersion approach had a moderate effect (d=0.74), and CT teaching
with the mixed approach had a small effect (d=0.44) on improving students’ CT disposi-
tions. There was no significant difference between the CTDI pretest and posttest scores for
the control group (;,=-0.019, p>0.05).

One-way ANOVA results for the CTDI posttest scores of the high-school students in
three EGs and one control group are presented in Table 9. A statistically-significant dif-
ference was found among the CTDI posttest scores of EG I, EG II, EG III, and the control
group (F(14=18.125; p<0.05), with the intergroup difference having a large effect size for
CT dispositions of students (77=0.26). To put it another way, 26% of the change in students’
CT dispositions was attributable to the intergroup difference. There were significant dif-
ferences between the posttest scores of EG I students (X:4.28) compared with EG 1I (X
:3.94), EG III (X:4.00) and control group (X:3.60) students. CT teaching with the general
approach was more effective in improving students’ CT dispositions than teaching with
the immersion approach and mixed approaches. Furthermore, no significant difference was
found between the effects of CT teaching with the immersion approach (X:3.94) and with
the mixed approach (X :4.00) in terms of improving students’ CT dispositions. This suggests
that these two approaches were similarly effective in terms of students’ CT dispositions.
Moreover, there was a significant difference between the CTDI posttest scores of EG I (X
:4.28), EG 11 (X:3.94), EG III (X :4.00) and the control group (X:3.60) in favor of the EGs.

Table 8 Paired-samples ¢ test for CTDI pretest and posttest scores of students in three EGs and control group

Group Test N X SD t P d

EGI Pretest 29 3.84 0.41 -9.272 0.000 1.12
Posttest 29 4.28 0.37

EGII Pretest 26 3.65 0.44 -5.872 0.000 0.74
Posttest 26 3.94 0.33

EG III Pretest 29 3.81 0.48 -4.167 0.000 0.44
Posttest 29 4.00 0.36

Control Pretest 30 3.60 0.31 -0.019 0.985 -
Posttest 30 3.60 0.33

Table 9 One-Way ANOVA test results for CTDI posttest scores of students in three EGs and control group

Group N X SD df F p 7 Sig. difference
EGI 29 428 0.37 3/110 18.125 0.000 0.26 A-B
EG I 26 3.94 0.33 A-C
EG Il 29 400 036 g,g
Control 30 3.60 0.33 C-D

EG I=A EG II=B EG III=C Control Group=D
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Hence, all three approaches to CT teaching improved high-school students’ CT dispositions
more than the usual courses and activities practised in the school.

Conclusion and discussion
Discussion on CT skills

Whereas general, immersion, and mixed approaches to CT teaching improved the CT skills
of high-school students, no improvement was observed in the skills of the control group.
General, immersion, and mixed approaches were found to have a large effect size for the
improvement of high-school students’ CT skills. As shown by meta-analysis seeking a gen-
eral effect size by combining the results of experimental studies in the literature, the general
approach (Ceviker Ay & Orhan, 2020; Bangert-Drowns & Bankert, 1990) and immersion
approach (Ceviker Ay & Orhan, 2020) to CT teaching are largely effective in improving the
CT skills.

In line with the results of the present study, there are several experimental studies sug-
gesting that CT teaching with the general approach (Al-Edwan, 2011; Alwehaibi, 2012; Ar1,
2020; Arisoy & Aybek, 2021; Eldeleklioglu & Ozkilig, 2008; Karadag & Demirtas, 2018;
Lou, 2018; Marin & Halpern, 2011; Rahdar et al., 2018; Smith et al., 2018; Taghinezhad
& Riasati, 2020), immersion approach (Bag, 2020; Fung & Howe, 2012; Jensen Jr., 2015;
Lopez et al., 2020; Marin & Halpern, 2011; Reed & Kromrey, 2001; Zulkifli & Hashim,
2020) and mixed approach (Ku et al., 2014; Plath et al., 1999; Welch et al., 2015) sig-
nificantly improved CT skills. Also, after examining experimental studies of CT teaching,
Tiruneh et al. (2014) concluded that CT skills or dispositions were significantly improved
in 80% of studies conducted with the general approach to CT teaching, 55% of studies con-
ducted with the immersion approach to CT teaching and 67% of studies conducted with the
mixed approach to CT teaching. Payan-Carreira et al. (2019) state that 70% of the studies
utilizing the immersion approach and three of the four studies utilizing the mixed approach
included in their research significantly improved CT skills and dispositions.

Most of the experimental studies concluding that CT teaching with different approaches
significantly affected CT skills failed to report the effect size associated with this teach-
ing. Therefore, in order to compare the results of our study with previous research in the
literature, the effect sizes associated with the studies with the necessary data were calcu-
lated. According to the results of these studies whose effect size was calculated, the general
approach (Alwehaibi, 2012; Aybek, 2006; Lou, 2018; Yildirim, 2010) and the immersion
approach (Aybek, 2006; Sahin, 2016; Yuan et al., 2008) had a large effect on CT skills.

The fact that all three approaches utilized in the present study significantly improved
students’ CT skills with a large effect size coincides with the results of several studies in the
literature. According to Kennedy et al., (1991), everyone can be taught CT skills through
an appropriate education. Moreover, the success of CT teaching does not vary with whether
individuals are gifted (Lewis & Smith, 1993) or with their age (Bailin et al., 1999; Kennedy
et al., 1991). Indeed, various experimental studies conducted at different educational levels
including primary education (Bayrak, 2014; Jensen, 2015) and undergraduate education
(Aybek, 2006; Eldeleklioglu & Ozkilig, 2008; Welch et al., 2015) and with different age
groups showed that CT skill is teachable. The fact that all of the CT teaching performed
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with different approaches in three EGs were effective in improving high-school students’
CT skills coincides with these considerations in the literature.

This study revealed that CT teaching with the general approach was more effective in
improving students’ CT skills than CT teaching with the immersion and mixed approaches.
Moreover, CT teaching with the mixed approach improved CT skills of high-school students
more than CT teaching with the immersion approach. In improving CT skills of high-school
students, the most-effective approach to CT teaching was the general approach, which was
followed by the mixed and immersion approach, respectively.

In line with these results, several studies comparing the effects of immersion and general
approaches to CT teaching on students’ CT skills indicated that the general approach was
more effective than the immersion approach to CT teaching (Aybek, 2006; Kurnaz, 2007,
Marin & Halpern, 2011; Williams & Worth, 2001). Behar-Horenstein & Niu (2011) sug-
gest that when compared with other approaches, the immersion approach to CT teaching is
the least effective in improving students’ CT skills. As argued by Tiruneh et al. (2014), the
most-effective approach to improving students’ CT skills is the general approach followed
by the mixed, infusion, and immersion approaches, respectively. According to Abrami et
al. (2008), the least effective approach to improving students’ CT skills is the immersion
approach. It is possible to say that the results obtained in the present study coincide with
the results achieved by Behar-Horenstein & Niu (2011), Tiruneh et al. (2014) and Abrami
et al. (2008).

Criticism of the immersion approach to CT teaching is based on the assumption that
students who have neither learned CT skills explicitly nor had any explicit knowledge and
understanding of those skills have difficulty in transferring their skills to other areas (Ennis,
1993). Accordingly, as for the students who acquired CT skills with the immersion approach
through environmental education in this study, their skills would be limited to that sub-
ject area and they would fail to transfer their skills to everyday life and real-life situations
(Ennis, 1989). Hence, the fact that the least-effective approach improving CT skills among
high-school students was the immersion approach in the present study can be explained
with these considerations that underpins the relevant criticism. The test used to measure CT
skill in the research includes questions that are independent of environmental education and
about real events derived from everyday life. Thus, one can argue that the students who had
acquired CT skills within the scope of environmental education might have found it difficult
to transfer their skills to everyday life compared with students who received CT teaching
with general approach. Although CT teaching with the immersion approach improved the
CT skills of high-school students effectively and significantly, that might explain why gen-
eral and mixed approaches to CT teaching were more effective in enhancing students’ CT
skills.

Discussion on CT dispositions

In this study, while the general, immersion, and mixed approaches to CT teaching improved
the CT dispositions of high-school students, no improvement was observed in the dispo-
sitions of the control-group students. CT teaching with general, immersion, and mixed
approaches had large, moderate, and small effects on improving students’ CT dispositions,
respectively. In most of the experimental studies examining the effect of CT teaching with
the general approach (Arisoy & Aybek, 2021; Aybek, 2006; Bayrak, 2014; Eldeleklioglu &
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Ozkilig, 2008; Lou, 2018) and the immersion approach (Aybek, 2006; Yildirim & Sensoy,
2011) on the CT skills and dispositions of students, CT teaching with the general and immer-
sion approaches improved students’ CT dispositions. Thus, as found in the present study,
significant improvement of students’ CT dispositions through CT teaching with the general
and immersion approaches is consistent with the results of previous research. In line with
this study, in studies that have reported sufficient data to calculate the effect size value, the
general approach to CT teaching (Aybek, 2006; Eldeleklioglu & Ozkilig, 2008; Lou, 2008;
Yildirim, 2010) had large effect on improving CT dispositions. Also, according to results
of most studies (Aybek, 2006; Yildirnm & Sensoy, 2011), the immersion approach to CT
teaching had large effect size for improving CT dispositions. Therefore, it can be said that
previous studies reported larger effect sizes than this study for immersion approach. Also, it
was found that CT teaching with the general approach was more effective in improving the
CT dispositions of the students compared with the CT teaching with immersion and mixed
approaches. Furthermore, CT teaching with mixed approach improved the CT dispositions
of high-school students more than CT teaching with the immersion approach, but the dif-
ference between these two approaches was not significant. One can therefore argue that the
most-effective approach to improving the CT dispositions of high-school students was the
general approach, which was followed by the mixed approach and the immersion approach,
respectively.

It is possible to speak of a significant correlation between CT skills and CT dispositions
(Bailey et al., 2020; Facione & Facione, 1997; Profetto-McGrath, 2003). Accordingly, when
one of them is improved, the other one also will be improved. Hence, it is an unsurpris-
ing but important result that CT teaching with the high-school students based on general,
immersion, and mixed approaches improved both their CT skills and dispositions. Indeed,
having high CT skills alone is not enough for using those CT skills in life (Paul & Elder,
2001) and what makes an individual a good critical thinker is having both high CT skills
and high CT dispositions (Profetto-McGrath, 2003). It is therefore important that CT teach-
ing using different approaches in the present study significantly improved both skills and
dispositions. That is exactly why effective CT teaching should be designed to improve both
CT skills and CT dispositions. Individuals can only become good critical thinkers after they
acquire CT skills, are willing to use them when necessary, make such willingness into a
habit, and attach value and importance those skills (Fisher, 2001).

In short, this study revealed that the CT skills and dispositions of ninth-grade students
can be enhanced with general, immersion, and mixed approach. However, the general
approach was more effective than the other two teaching approaches for enhancing CT skills
and dispositions. These results, which are confirmed by previous literature and in line with
theoretical background and expectations derived from previous research, are noteworthy
because they provide important evidence about how to teach CT best in learning environ-
ments. The results obtained in this study can guide educators, researchers, and professionals
in organizing learning environments to provide individuals with the best opportunity to
enhance CT. According to the results of this study, CT teaching can be performed with the
general, immersion, or mixed approach. However, it is recommended to give weight to CT
teaching with general approach in learning environments via workshops and club activities
because it has the largest effect on the improvement of both CT skills and dispositions. In
other words, learning environments designed to enhance CT with the general approach are
more effective in developing individuals’ CT skills and dispositions.
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This study contributes to the relevant literature on CT teaching because, although there
are other experimental studies that examined the effect of different CT teaching approaches,
studies comparing the effectiveness of these CT teaching approaches are scarce. Therefore,
a novelty of this study is that it included the mixed approach, which has been investigated
less compared with the other two teaching approaches, and it compared how the three most-
basic approaches to CT teaching affect CT skills and dispositions.

Limitations and future studies

There were certain limitations in the present study. The first limitation is that the study was
conducted with four ninth-grade classes of one high school in northern Turkey. Similar
experimental studies in the future could be carried out with student groups from differ-
ent educational levels to compare the effects of different CT teaching approaches with the
results of this study. Also, because this study compared only three CT teaching approaches
(general, immersion, and mixed), the omission of the infusion approach can be seen another
limitation of this study. Future experimental studies could compare the effect of the infusion
approach with other CT teaching approaches. Another limitation is that the duration of CT
teaching was limited to ten weeks in the study. Future longer-term studies could compare
the effects of different CT teaching approaches. Lastly, because the research data were only
collected with quantitative measures, future qualitative or mixed research could allow an
in-depth investigation of the effect of CT teaching approaches in fostering the CT skills and/
or dispositions of students.
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