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Abstract

The purpose of this study is to examine the relationships between ninth grade students’ metacognitive self-regulation
skills and physics self-efficacy beliefs and their critical thinking. To this end, 162 students attending the ninth grade
participated in the study. Critical thinking scale, metacognitive self-regulation scale and physics self-efficacy scale were
used as data collection tools in the study. Data were analyzed by descriptive statistics, pearson product moment
correlation analysis, and stepwise multiple regression analysis. According to descriptive analysis results the students’
critical thinking, metacognitive self-regulation and physics self-efficacy beliefs were high. Moreover, stepwise multiple
regression analysis revealed that the students’ metacognitive self-regulation and physics self-efficacy belief scores were
significant predictors of their critical thinking scores, explaining 55 % of the variance of critical thinking scores. In
addition, it was also determined that the main variable that best explained critical thinking was metacognitive
self-regulation, explaining 53 % of variance.
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1. Introduction

In today's fast-paced knowledge, students need to have some skills in selecting useful information, evaluating the truth
of information, and making decisions. Critical thinking is an important skill in decision-making process of students.
Currently, one of the main aims of science educators is to improve students’ critical thinking skills. In this context, this
study focus on the relationship between critical thinking metacognitive self regulation and self efficacy.

In today’s educational approaches in which learners actively participate in the learning process, students need to make sense of
new knowledge by associating it with previously learned knowledge instead of memorizing it, and question this knowledge.
Therefore, it is obvious that students need to be gained higher order cognitive skills such as problem solving, analyzing,
evaluation, creative thinking and decision making. Likewise, learners also need to have critical thinking skills such as
predicting, induction, deduction and reasoning. According to philosophers of education, critical thinking is not only one of the
approaches that could be used in the education process but also an indispensable part of education (Norris, 1985). However,
critical thinking is important not only in academic learning environments but also in daily life. For example, critical thinking is
necessary for individuals to adjust to the world what is developing in parallel to the innovations in science and technology.

Several researchers have defined critical thinking. According to Ennis (1987, p.10) “Critical thinking is reasonable,
reflective thinking that is focused on deciding what to believe or do”. In addition, critical thinking involves problem
solving processes such as constructing hypotheses regarding problems and suggesting ways of solutions, and collecting
data (Lewis & Smith, 1993). Facione (1984) defines critical thinking as a process of argumentation and evaluation.
Moreover, he associates the process of argumentation and evaluation with problem solving steps involving forming
hypotheses, testing hypotheses and solving problem. Likewise, Linn, (2000) defines critical thinking as skills of using
the knowledge they have gained in the past when they encounter a problem, making judgments and making assessments
according to certain criteria. Critical thinking is a cognitive process that requires learners to understand the phenomena
and ideas around them using prior knowledge as criteria. To what extent individuals will be successful in this process
depends on how enthusiastic they are. In other words, individuals’ skills and tendencies are important in this process.

Critical thinking is a way of thinking that is consciously controlled and in which learners assume responsibility of their
own learning (Paul, 1996, Smith, 2003). Kuhn, (1999) emphasized that critical thinking is linked to metacognition in
which individuals have knowledge of their cognition and monitor their thinking, evaluate their efforts in this process
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and judge accuracy of their decisions. Some studies indicate that critical thinking is associated with metacognitive
self-regulation (Uzuntiryaki & Capa, 2013).

While systems based on information and technology are developing with each passing day, individuals best trained for the
future will undoubtedly be those who can use self-regulation skills most. (Andrew and Vialle, 1998). Metacognitive strategies
are described as strategies of reflecting over learning; planning, comprehending and understanding the learning process as
well as evaluating the self after the learning activity (Un, 2003). One of the key factors to success depends on learners’ use of
metacognitive strategies. According to Pintrich (2000), metacognitive self-regulation is an active and structural process where
learners determine their own learning objectives, and regulate their motivation and behaviors. Moreover, metacognitive
self-regulation is also a kind of control mechanism that individuals have over their own learning (Talbot, 1997). In order for
metacognitive self-regulation strategies to be effective, first learners need to determine their objectives. Then, to what extent
objectives have been attained after the efforts spent need to be evaluated by the learner. If an error is detected anywhere as a
result of the evaluation, necessary regulations need to be made. All of these strategies are metacognitive learning strategies,
which are control strategies that learners have formed over to monitor their learning (Zimmerman, 1990).

One of the variables which is argued to be associated with critical thinking is self-efficacy (Bandura, 1997). Bandura
(1997, p.3) defined self-efficacy as “beliefs in one's capabilities to organize and execute the courses of action required
to produce given attainments”. Self-efficacy belief affects the level of effort students spend on a task and their success
level. Self-efficacy belief is specific to the field and the situation (Schwarzer, 1993). Bandura (1997) emphasizes that
individuals may possess self-efficacy belief in different fields and at different levels. Students who with a high level of
self-efficacy belief in science courses prefer to deal with more difficult problems, make more effort to succeed, and are
persistent to complete a task assigned to them even if they encounter obstacles (Pajares, 1996). Besides, they also use
self-regulation strategies to be successful (Schunk & Pajares, 2005). There is a positive correlation between belief in
self-efficacy and self-regulation (Schunk & Ertmer, 2000, Zimmermann, Bandura, Martinez, 1992). On the other hand,
students with a low level of self-efficacy belief in science courses prefer easy tasks, make less effort, have difficulty
adjusting to classes at school and exhibit lower academic achievement (Schunk, 1991). Bandura (1997) defined four
fundamental sources of self-efficacy belief (mastery experience, vicarious experience, social persuasion and
physiological states) and emphasized that self-efficacy could be improved.

Recent studies have shown that students with critical thinking skill exhibit a questioning approach in both reaching
information and assessing the accuracy of information. Students with advanced critical thinking skills are more
successful in making decisions (Zoller & Pushkin, 2007) and checking their own learning processes. However, research
results indicate that critical thinking is at a rather low level even among university students (Halpern, 1998). From this
perspective, it is important to determine the variables predicting critical thinking. The objectives in the Physics course
have been prepared with a view to develop students’ critical thinking skills within the framework of skills of scientific
processes, use knowledge of Physics in daily life, and associating science with technology, society and environment
(Ministry of National Education, 2017). Therefore, since Physics is a field that requires critical thinking by virtue of its
nature, advanced critical thinking skills will enable students to learn Physics better. The aim of this study is to
investigate to what extent ninth grade students’ metacognitive self-regulation and physics self-efficacy beliefs predict
their critical thinking. To achieve this aim, the following sub-problems have been determined for the study:

1. Is there a relationship among ninth grade students’ critical thinking, metacognitive self-regulation and physics self
-efficacy beliefs?

2. What are the contributions of metacognitive self-regulation and physics self-efficacy beliefs on critical thinking?
3. Which variable best predicted students’ critical thinking?
2. Methodology

The survey model was used in this study because the relationships between ninth grade students’ critical thinking,
metacognitive self-regulation and physics self-efficacy beliefs are investigated (Fraenkel & Wallen, 2009).

2.1 Participants of the Study

This study was carried out with 162 ninth grade students attending an Anatolian High School in a province in the
Southeast Anatolia region of Turkey. Turkey has a centralized educational system. Students in Turkey are placed to
Anatolian High Schools through a nation-wide high school examination and high school curricula regulated by the
Ministry of National Education. Participants were selected by using convenience sampling.

102 of the students participating in the study were female whereas 60 of them were male. The ages of the students
participating in the study varied between 14 and 16. The physics course grades of 47 % of the participating students were
50 or below whereas those of 53 % of them were 50 or above. The socio-economic levels of the students were medium.
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2.2 Data Collection Tools

Critical Thinking, metacognitive self-regulation and self-efficacy belief sub-dimensions of the Motivational Strategies
for Learning Questionnaire, which was developed by Pintrich, Smith, Garcia and McKeachie (1991), were used in the
study as the data collection tool. Motivational Strategies for Learning Questionnaire was adapted to Turkish by Sungur
(2004). The Critical Thinking scale was used to measure to what extent students were able to use their previous
information to solve problems, make decisions and make critical evaluations. The Metacognitive Self-Regulation Scale,
on the other hand, was used to measure to what extent students used the planning, self-monitoring and regulation
activities in their learning processes. The Self-Efficacy Belief Scale was used to measure students’ beliefs that they
could learn physics. The items on the Self-Efficacy Belief Scale were reorganized as to be related to physics and named
Physics Self-Efficacy Belief Scale. The 5-item Critical Thinking Scale, the 12-item Metacognitive Self-Regulation
Scale and the 8-item Physics Self-Efficacy Belief Scale were rated on a seven point Likert scale ranging from not at all
true of me (1) to very true of me. Minimum and maximum scores that the students could receive from the Critical
Thinking Scale varied between 5 and 35. The minimum and maximum scores they could receive from the
Metacognitive Self-Regulation Scale varied between 12 and 84. The minimum and maximum scores they could receive
from the Physics Self-Efficacy Belief Scale varied between 8 and 56.

Cronbach Alpha reliability coefficients of the original scales were .80 for the Critical Thinking Scale, .79 for the
Metacognitive Self-Regulation Scale and .93 for the Self-Efficacy Belief Scale (Pintrich, et al., 1991). Cronbach Alpha
reliability coefficients of the scales adapted to Turkish, on the other hand, were .81 for the Critical Thinking Scale, .81, .81
for the Metacognitive Self-Regulation Scale and .89 for the Self-Efficacy Belief Scale (Sungur, 2004). In this study,
Cronbach Alpha reliability coefficient was calculated to be .75 for the Critical Thinking Scale, .73 for the Metacognitive
Self-Regulation Scale and .84 for the Physics Self-Efficacy Belief Scale. The testing tools were administered to the
participants by the researchers on a voluntary basis. Participants were given 20 min. to respond the scales.

2.3 Data Analysis

Since the present study investigated to what extent variables of metacognitive self-regulation and physics self-efficacy
beliefs predicted critical thinking, descriptive statistics, pearson product moments correlation analysis and stepwise
multiple regression analysis were used for data analysis.

3. Results

Descriptive statistics were used to determine the high school ninth grade students’ critical thinking, metacognitive
self-regulation and physics self-efficacy belief levels. Mean, standard deviation, skewness and kurtosis results for these
variables presented in Table 1.

Table 1. Descriptive statistics for the scores of critical thinking, metacognitive self-regulation and physics self-efficacy
belief

Critical Metacognitive Physics
Thinking Self-Regulation Self-Efficacy Belief
Mean 23.61 58.91 41.41
Std. Dev. 6.35 11.27 8.96
Skewness -.66 -.94 -.95
Kurtosis .28 .76 1.27
N 162 162 162

Results of the descriptive analysis indicate that critical thinking mean scores of the ninth grade students are high. In
other words, results of the descriptive analysis show that ninth grade students’ skills of problem solving, reasoning and
making decision on the basis of criteria are at a high level. Likewise, metacognitive self-regulation mean scores of the
ninth grade students are also high. That is to say, students’ levels of control over their own learning processes are high.
The students’ physics self- efficacy belief mean scores are also high. This means that no matter how hard a task is when
learning physics, the students’ belief that they can manage it is high.

Stepwise multiple regression analysis was conducted to determine to what extent students’ metacognitive self-regulation scores
and physics self-efficacy belief scores predicted their critical thinking scores. Before embarking on the analysis, assumptions of
stepwise multiple regression were tested. Tabachnick & Fidel (1996) stated that to determine the sample size, N>50+8m (N:
Number of participants; m: Number of independent variables). Consequently, since 162266, it was decided that sample size was
sufficient to conduct stepwise multiple regression. Other assumptions of stepwise multiple regression, namely multicolinearity,
normality, linearity and homoscedasticity were checked. No violation of the assumptions was detected.

Pearson product moment correlation analysis results calculated for the relationship between students’ critical thinking,
metacognitive self-regulation and physics self-efficacy belief scores are given in Table 2. Since independent variables
are not highly correlated with each other, there was, no violation of the multicolinearity assumption (Table 2). Moreover,
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there were no VIF values above 10 (Table 3). Table 2 shows that there is a medium level, positive and significant
relationship between the students’ critical thinking scores and their physics self-efficacy belief scores. On the other hand,
a high level, positive and significant relationship was detected between the students’ critical thinking scores and
metacognitive self-regulation scores. Moreover, a medium level, positive and significant relationship was found
between the students’ metacognitive self-regulation scores and physics self-efficacy beliefs.

Table 2. Pearson Correlations among scores of critical thinking, metacognitive self-regulation and physics self-efficacy
belief

Critical Thinking Metacognitive Self-Regulation
Metacognitive Self-Regulation 73
Physics Self-Efficacy Belief .52* .58*

*Correlation is significant at the .05 level.

Stepwise multiple regression analysis was used to explore the contributions of students’ metacognitive self-regulation
scores and physics self-efficacy belief scores to their critical thinking scores. Results of this analysis presented in Table
3. According to the results of the analysis the variable that best predicted critical thinking was determined to be students’
metacognitive self-regulation scores (R?= .53; F(1,160)= 180.35, p< .05). When students’ physics self-efficacy belief
scores was added to the model in addition to the metacognitive self-regulation, it was found that both variables have
significant contributions (R%= .55, F(2,159)= 95.20, p< .05). It was determined that the entire model accounted for 55 %
of the variance for critical thinking. The direction of the relationship between critical thinking and physics self-efficacy
belief and metacognitive self-regulation is positive (Table 3). Thus, as metacognitive self-regulation and physics
self-efficacy belief scores increase, so do critical thinking scores.

Table 3. Stepwise multiple regression results

Model B t Sig.  Collinearity Statistics
VIF
1
Metacognitive Self-Regulation .41 13.43 .000 1.000
2
Metacognitive Self-Regulation .36  9.74  .000 1.511
Physics Self-Efficacy Belief A1 230 .023 1.511

4. Conclusion, Discussion and Recommendations

The purpose of this study is to investigate to what extent the ninth grade students’ critical thinking skills were predicted by
their metacognitive self-regulation and physics self-efficacy beliefs. The ninth grade students’ critical thinking,
metacognitive self-regulation and physics self-efficacy belief levels are high. The fact that the students’ critical thinking
levels are high may be interpreted to mean that they can make predictions for a specific purpose, make accurate inferences
and thus make correct decisions. On the other hand, the fact that the students’ metacognitive self-regulation skills are high
indicates that they have a high level control over their own learning processes. Likewise, the students’ high physics
self-efficacy beliefs show that no matter how difficult a physics task may be, the students’ belief that they can do it is high.

When the results of pearson product moment correlation analysis were examined, it was found that a high level, positive
and significant correlation was found between critical thinking and metacognitive self-regulation. This indicates that as
the students’ critical thinking levels increased, they set more learning objectives for themselves, monitored their
learning processes and made use of the strategies aimed at raising their learning quality by judging themselves. On the
other hand, a medium level, positive and significant correlation was determined between critical thinking and physics
self-efficacy belief. This indicates that beliefs of students who use high order cognitive skills such as making
predictions, analysis and evaluations regarding the fact that they can be successful in tasks related to physics are at a
medium. Several studies have emphasized that students with high levels of self-efficacy beliefs are more inclined to
critical thinking (Bandura, 1997, Phan, 2009). A medium level, positive and significant correlation was found between
the students’ metacognitive self-regulation and physics self-efficacy beliefs. According to this, it was found that the
students who had control over their own learning processes in the physics classes had a medium level belief in
themselves that they could overcome the difficulties they might encounter in these classes and reach the academic goals
they have set for themselves. In the same manner, results of various studies point to a positive correlation between
self-regulation and self-efficacy (Schunk &Ertmer, 1999; Schnoll & Zimmermann, 2001; Sungur, 2007).

It is seen as a result of the stepwise multiple regression analysis that ninth grade students’ metacognitive self-regulation
scores and physics self-efficacy belief scores explained 55 % of the variance for their critical thinking scores. In
addition, the most important variable that predicted the critical thinking was metacognitive self-regulation, explaining
53 % of variance. It can be concluded that students with metacognitive self-regulation skills took responsibility for their
own learning and developed a more questioning approach in reaching information and constructing information.
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Students’ forming a control mechanism over their own learning and making use of several strategies play a key part in
their acquisition of critical thinking. This result is also supported by studies in the relevant literature (Phan, 2010;
Pintrich, Smith, Garcia & McKeachie, 1993; Uzuntiryaki & Capa, 2013). On the other hand, it was seen that the
students who had confidence in their efforts and believed that they could be successful while they were studying physics
exhibited more questioning and deductive approaches.

In conclusion, it was found that students’ metacognitive self-regulation had a significant role in developing their critical
thinking skills. This means that students who take responsibility for their own learning and guide their learning processes
in a conscious manner will be individuals who can think critically. Likewise, students’ belief that they could be successful
in a physics task no matter how difficult it might be indicating that they made logical inferences while they were learning
and would exhibit a questioning approach. Since self-efficacy belief is a construct that can be improved, it is suggested that
teachers should take into consideration sources of self-efficacy and thus try to develop students’ self-efficacies.

Importance of cognitive and metacognitive self-regulation strategies in education has been demonstrated in many
studies in the relevant literature (Pintrich & De Groot, 1990; Fuchs et al, 2003). Development of the said skills means
students’ gaining critical thinking skills, which in turn means better learning quality. The interpretation of the results of
this study is limited because the participants were restricted to the 162 ninth grade high school students. For this reason,
these findings may not be completely generalizable to the broader community based on this study alone.
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