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Objective: In advanced educational systems, attention to efficient and fundamental
educational methods is the core educational goal and the evaluation of the effectiveness of
these procedures is continuously conducted. Therefore, the present study aimed to design a
critical thinking instruction program and determine the effectiveness of critical thinking
instruction program in cognitive and behavioral outcomes in second year high school
students.

Methods: The present study was conducted with a semi-experimental design (an unequal
control group and pre-test-post-test). The study population included 11th grade female
students in Tabriz city in the academic year 2021-2022. Using multi-stage random cluster
method, two classes (30 subjects) were selected and one class was assigned as an
experimental group and the other one as control group. For the experimental group, critical
thinking strategies were taught during 10 sessions, and the control group did not receive
any intervention. During pre-test and post-test, dependent variables were measured using
Beck and J. Sapp's multidimensional questioning scale, activity evaluation form for
California, Kember et al.'s logical thinking questionnaire, as well as Cassidy and Long's
problem solving questionnaire.

Results: Data were analyzed by multivariate and univariate analysis of covariance. Results
showed that critical thinking instruction program was effective in the improvement of the
ability of questioning, logical reasoning, and problem solving in high school students
(F=34.12, p<0.05). However, this instruction program was not effective in the ability to
evaluate.

Conclusions: Hence, it can be concluded that cognitive skills, especially questioning,
logical reasoning, and the ability to solve problems through systematic training program,
could be changed and manipulated, and the systematic application of critical thinking
could facilitate the attainment of these outcomes.
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Extended Abstract

1. Introduction

In the past few decades, special attention has been paid to the modeling of cognitive
processes in educational systems, in such a way that in these systems, a unique emphasis
is placed on the creation and development of intellectual capabilities, especially critical
thinking (Abrami et al., 2008; McGuinn, 2015). In addition, critical thinking is one of the
necessities of human life, and people need a set of beliefs, values and critical skills in
order to be able to play their role in society and in relation to phenomena, events and
others well (Butler, Pentoni and Bong, 2017; Mommsen, 2019). However, critical
thinking has been a vague concept (Stapleton, 2011) and continuously, its behavioral and
cognitive outputs have attracted the attention of theorists, and as a result, its structure and
processes have been highlighted during the investigation and its ambiguous points.
(Sokol, Oget, Sontag and Khomenko, 2008) and in this regard, practical efforts have been
made to create practical models (Bronkhorst, Roorda, Suhre, & Goedhart, 2020).

In recent years, extensive efforts have been made to form theoretical models and also
operationalize critical thinking training in educational fields, among which we can refer to
Quinn's model (1998, quoted by Abbasi, 2018) and Nokes, Dole, & Hacker (2007). The
ability to ask questions is one of the main components of critical thinking, which plays a
central role in learning and becoming a lifelong learner (Erikson and Erickson, 2019). On
the other hand, the ability to evaluate things optimally is another consequence of using
critical thinking in such a way that based on this ability, a person can evaluate the
received information and minimize the risks of an action based on false assumptions.
Studies show that the inability to evaluate things optimally can cause injury, vulnerability,
non-acceptance, or problems that may cause a person to face fatal risks (Crowell, 2015).
The analytical and theoretical view shows that critical thinking has an undeniable role in
empowering people to have problem solving skills. This ability (problem solving) refers
to questioning, evaluating and reasoning about issues and problems that occur
continuously in daily life and adopting solutions and implementing the selected solutions.
However, in the formation of this ability, critical thinking plays a significant role, because
it prepares the ground for achieving problem solving (Breyer & Gutland, 2015; Dérner &
Funke, 2017). In other words, it can be said that critical thinking requires solving
problems effectively and leads to the implementation of appropriate decisions in all
aspects of life. (Chew, Lin, & Chen, 2019). Overall, it can be concluded that increasing
and developing critical thinking skills is a valuable approach in educational programs as
well as in higher education. In other words, using critical thinking skills can help learners
to think correctly and make decisions in difficult life situations (Von Plato, 2014). On the
one hand, based on the constructivist perspective, it has been stated that learning critical
thinking and problem solving is created through the participation of students in
discussions and activities related to the group (Eskandari and Kiyani, 2016) and studies
show that critical thinking has positive effects on creativity, decision-making and
problem-solving styles (Buckley, Archibald, Hargraves, & Trochim, 2015; Sokol, 2008;
Crowell, 2015; Breyer & Gutland, 2015; Abrami et al., 2008; Von Plato, 2014). However,
limited studies have been conducted regarding the effects of critical thinking on
behavioral and cognitive outcomes in educational situations. Therefore, the present study
aims to investigate the effectiveness of critical thinking training on the behavioral and
cognitive outputs of critical thinking.
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2. Materials and Methods

According to the purpose of this study, the present study was a semi-experimental type,
multivariate intergroup design (pre-test-post-test and a control group). An educational
district was selected from the population of female students of the second grade of the
second period of secondary school in Tabriz city in the academic year 2021-2022 using
the cluster sampling method, and 2 high schools were selected from the selected district
and one class was selected from each high school. One of the classes was considered as
the experimental group and the other class as the control group. In both classes, after
obtaining informed consent and explaining the purpose of the research, the pre-test was
conducted. Then, critical thinking skills were taught for the experimental group during 10
sessions of 60 minutes based on the prepared educational package, and no educational
intervention was done for the control group (for this group, 3 training sessions were
implemented after the research was completed). After the completion of the training
sessions, the post-test was conducted using research tools. In order to measure variables,
Beck and J. Sapp's multidimensional questioning questionnaire, California affairs
evaluation questionnaire, Kember et al.'s logical thinking questionnaire and Cassidy and
Long's problem solving scale were used.

3. Results

Multivariate covariance analysis was used to test the hypotheses. Considering the
fulfillment of the assumptions of this method, including the normality of the distribution
of the dependent variables and the homogeneity of the error variance, this method was
used to analyze the data related to the main question of the research by using the
Kalmogorov-Smirnov test and the Lone test, respectively: Critical thinking training is
significantly effective on the weighted combination of dependent variables (problem
solving, logical thinking, evaluation of issues, questioning) (F=19.81, p<0.05). In
addition, the results showed: 1. Critical thinking training is significantly effective in
improving problem solving performance (F=15.89, p<0.05). 2. Teaching critical thinking
Is significantly effective on logical thinking (F=18.98, p<0.05). 3. Critical thinking
training is not significantly effective on the evaluation of matters (F=4.04, p>0.05). 4.
Teaching critical thinking on questioning is significantly effective (F=31.31, p<0.05).

4. Discussion and Conclusion

The aim of the present study was to determine the effectiveness of critical thinking
training on the behavioral and cognitive outputs of critical thinking. The results showed
that teaching critical thinking skills improves students' logical thinking. It can be said that
familiarizing students with the nature and process of critical thinking and creating
motivation in them to engage in the thinking process can accelerate logical thinking and
expand children's intellectual abilities. In other words, increasing knowledge about critical
thinking, its strategies and content leads to strengthening the cognitive and metacognitive
abilities of learners.

In addition, it can be concluded that strategic training of critical thinking by
strengthening active and cooperative learning develops the mechanism of observation,
exploration, curiosity, judgment, cognitive flexibility, truth-seeking, impartiality,
inference, reasoning and evaluation of arguments, discussion, expansion of new ideas,
search for alternatives, Questioning becomes self-monitoring and monitoring of learning
in learners and creates the necessary motivation in them for logical thinking.

Another result of the research indicated that critical thinking training improves students'
questioning ability. It can be concluded that familiarizing students with critical thinking
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processes strengthens their questioning ability and motivates them to ask questions. In
other words, increasing students' confrontation with challenging issues and topics, as well
as getting involved in discussions and feeling their need to find a solution, leads to
strengthening the abilities of questioning and trying to rebalance students' cognition. This
finding can be explained on the basis of Piaget's constructivist point of view; In this way,
the students' mental schemas become imbalanced through facing real challenges in class
and reflecting on these issues, which causes them to search for new data and exchange
ideas to restore the lost balance through interaction. In this process, questioning plays the
main role. In another explanation, it can be said that the strategic training of critical
thinking, the process of exploration, curiosity, truth-seeking, seeking arguments and
evaluating arguments, develops the desire to discuss and question and creates the
necessary self-confidence in students for questioning.

5. Ethical Considerations
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The participants were informed about the purpose of the research and its implementation
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