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Abstract. This study seeks to investigate the effect of Problem-based Learning (PBL) strategy on developing
the critical thinking skills of students in middle schools in a science subject. The design of this study involves
a quasi-experimental design in which pre and post-tests were used to examine the development of the critical
thinking skills of students. Forty students were randomly selected from a high school in Al-Mazar Al-Janoubi
district in Karak governorate, Jordan for the school year 2019-2020. The students were divided into two
groups (controlled and experimental) in which the students in the controlled group does not receive
instruction, unlike the experimental group which receives instruction concerning (PBL) The results showed
that there was a statistically significant difference in the tests’ scores before and after the intervention. The
researcher found that PBL has an effective role in improving the critical thinking skills of the students based
on the result of the mean analysis, standard deviation, and t-test.
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INTRODUCTION

Science education is one of the important issues that arouse the interest and thinking of researchers and
those interested in the field of science education at local, regional, and international levels. This is due to the
importance of science courses in educating learners; these courses would help in completing students’
cognitive, sentimental, and skill development and the various aspects of their personality [1]. In this regard,
[2], [3] state that the traditional teaching methods and approaches suffer from deficiencies and do not
encourage learners to be creative, nor do they keep pace with the current scientific and technological
development. They also indicate the importance to change or develop the traditional methods of teaching so
students can learn by themselves to benefit from what they learn. This leads to the transformation of the role
of teachers to mentors in which their role is limited to provide advice and guidance.

There is no doubt that every teacher strives to bring his students to the maximum degree of
understanding and comprehension that enables them to face the problems and situations of life with
intelligence and wisdom, looking for modern approaches and methods that achieve the desired goals of the
learning process; because there are many problems that require solutions and interpretation. Therefore,
students need to receive training methods on how to solve their problems or at least simplifying their
problems [4], [2], [5]- Thinking and actions of the mind are among the effective tools in dealing with
problems, overcoming and simplifying them, so we have to develop students' thinking skills using the
appropriate methods strategies [4],[6].

According to the framework of constructivism theory and the intellectual principles that contain
organizing effective learning; Many studies were conducted to test the effectiveness and impact of strategies
based on constructivist philosophy to improve students' level in various investigations, and among these
strategies is the problem-based learning strategy that some studies have revealed its effectiveness in
developing achievement and some types of thinking [7], [4], [8]. A study by [7] indicated that problem-based
learning can enhance creative thinking skills in Indonesian vocational high school students, and [4] study
indicated that teachers use a problem-based learning approach in biology classes to enhance the critical and
creative thinking skills of students in their sophomore year in high schools in the Philippines, besides, the [8]
study, which confirmed that the problem-based learning model affected students' critical thinking skills and
learning outcomes for eleventh-grade students in the Social Sciences program.

Despite the many strategies used for problem-solving, the problem-based learning strategy is said to
be more effective in achieving the desired goals. This strategy proposes three basic stages: tasks, cooperating
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groups, and participation, as this strategy is distinguished by providing the content as educational problems
or tasks that are thought stimulate, reflect the basic concepts, and work to give students self-confidence and
the ability to think [9]. [10] indicates that by 2020, information may double every 35 days, but in science and
technology it may double twice every 20 months; from here the main goal of modern scientific education has
become the development of thinking skills in general, and scientific thinking skills in particular, and it has
become imperative for those in charge of the educational process to pay attention to teaching and developing
the skills of critical, creative, logical and scientific thinking [11], [12].

Critical thinking is of great importance in the field of science education in particular, as the nature of
science includes a wide range of mental processes and habits required by scientific activities and
investigations, such as basic science processes (observation, classification, measurement, use of numbers,
forecasting and inference) and integrated science operations (data collection, formulating hypotheses,
controlling variables, experimenting, interpreting, and generalizing). Science teaching also includes
conducting structured scientific investigations and solving problems [11]). The aforementioned processes are
consistent with critical thinking in which they include conceiving, analyzing, synthesizing, and evaluating the
information that is generated through observation, experience, thinking, or communication [13]. Therefore,
science education is a fertile field for the development of critical thinking because of the nature of science that
excites thinking and challenges the mind, and because of its natural and vital phenomena and events.

The previous literature indicates that a problem-based learning strategy can raise the students’ level
of critical thinking, as indicated by previous studies such as [6], [2], [8], [4]-

The reality of science education in Jordan indicates the low level of students’ achievement in
scientific subjects, their low acquisition of scientific concepts, and their low practices in scientific thinking
skills in general. The studies of the National Center for Human Development indicated that the level of
Jordanian students on international science and mathematics tests was lower than the international student
performance [11]. Perhaps one of the most prominent factors that could have led to such results is the
teaching methods used, which focus on rote memorization, indoctrination, and neglect of students'
intellectual and creative abilities. Therefore, this study examines the effect of the problem-based learning
strategy (PBL) on critical thinking skills in the biology course of high school students. This study is based on a
curriculum that was adapted for biology education using PBL. The present study seeks to provide an answer
to the following main question:

Does the PBL strategy have a significant effect on the critical thinking of biology students in high
schools?

Problem-Based Learning (PBL)

Problem-based learning strategy is an educational situation in which the student faces a real and realistic
problem, and proceeds to solve it according to specific stages by using research, survey, and logical thinking
processes until he solves the problem [14]. The PBL strategy is considered one of the models for
constructivist learning. The theory of constructivist learning indicates that learners can construct their own
knowledge [15]. PBL strategy provides an opportunity for students to find solutions to complex problems
[16].

PBL was first adopted in 1969 by Howard Barrows at McMaster University College of Medicine
Canada [17], [8]. After that, it was adopted in the sector of health to find solutions to problems, then PBL
models were adopted in the schools to enhance the results of learning; currently, the PBL strategy is widely
used [8].

Three phases are involved in the concept of PBL strategy: disclosing scenarios of problem, seeking
information, and discussing and applying new knowledge to the problems [18]. According to [19], PBL is
defined as a type of learning that helps students understand what they are learning and structure meaning for
it. It also develops confidence in the students’ ability to solve problems. [8] defined PBL as "a learning model
using authentic problems as a context for students in solving a problem and thinking critically to get the
knowledge and to learn making decisions".

A problem-based learning strategy has several characteristics and has been summarized by [9] as
follows:

1- The focus of teaching with this strategy depends on the skill of problem design, in a way that allows free
and open research.

2- This strategy helps to develop the concept of self-learning, and it also develops many social skills, such as
communicating with others, respecting their opinions, and listening to them.
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3- Cooperation is a fundamental principle in this type of learning, as students discuss it, learn together and
help each other in obtaining an understanding of what they are learning, and then it is applied.

4- The teacher's role in this model is limited to directing and guiding the learning process.

[12], [8] stated that the PBL strategy consists of five basic stages that begin with guiding the teacher towards
the situation and end with presenting the student's work, production, and analysis as follows:

The first step: directing the student towards the problem, where the teacher determines the
objectives of the lesson, describes the required mechanisms and motivates the students to engage in the
activity of solving the chosen problem.

The second step: organizing the lesson for the students. In this step, students help the teacher in
identifying the lesson tasks related to the problem.

The third step: group research assistance, where the teacher encourages students to gather appropriate
information, conduct experiments, and seek explanations and solutions.

The fourth step: results and outputs, this helps the teacher and student to plan and prepare these
outcomes.

The fifth step: analyze and evaluate the problem-solving process, in which the teacher helps students reflect
on their research, surveys, and the processes they used.

At these points, mentoring teachers is necessary to make the learning consistent with the plan and
components of this strategy that are tasks, cooperative groups, and sharing [12].

Critical Thinking

Education is the most important tool to enhance the efficiency of human resources. Educators should take
steps to adjust education to meet the needs of the day [20]. In modern education, critical thinking has become
an important title of all educators who are interested in teaching their students how to think to prepare them
in a challenging world [18]. Critical thinking skills need to be developed in education because of four reasons.
Firstly, it enables learners to value others as a form of moral education. Secondly, to prepare students to grow
up, they should understand themselves through self-sufficiency and self-direction. Thirdly, it is the primary
objective of learning certain subjects such as mathematics, science, literature, history, etc. Fourthly, it is used
to confirm the precision of good thinking, analysis, and deliberation in life [5]. According to [21], theorists,
and specialists in the domain of learning theories have offered various definitions to explain the essence of
critical thinking.

Critical thinking definitions concentrated on describing it as logical and reflexive thinking to
determine what to do or believe; differentiating between better thinking aimed toward implementing versus
clarifying a target [18]. [5] mentions that critical thinking is a tool to help students learn independently by
conducting interpretation, investigation, and evaluation to determine appropriate and inappropriate. [6]
defines it as a tool aimed at making rational choices on what to do and to believe. [22] added that critical
thinking is the updating of knowledge, distinguish differences, defining relationships between cause and
effect, having ideas from examples, and assessing information about the meaning of fact, negative or positive
effects. Critical thinking needs learners' skills and experience. Therefore, learning through the use of the PBL
strategy provides learners with the opportunity to develop their critical thinking abilities [23].

Problem-Based Learning and Critical Thinking

To stimulate teaching and learning, instructors may use the PBL system [24]. Based on [25] that problem-
solving, problem analysis, or problem-based learning are strategies viable with skills of critical thinking due
to its focus on techniques for science, cooperative approaches, and scientific research. [26] states that PBL
techniques affect the critical thinking abilities of senior high school biology students in Malang. [27] reveals
that the PBL model enhances the critical thinking of science students in fourth-grade elementary school.
There was a low level of a significant relationship between the disposition of critical thinking and problem-
solving skills of students in the [28] study.

The development of critical thinking is more likely to exist by using the PBL model because students
are more involved in their learning. In this model, students are engaged in debate and questions focused on
specific issues, therefore, students actively build their information. PBL fosters students’ critical thinking
abilities optimally. The attitude of curiosity and the capacity to think objectively, independently, critically, and
analytically can be handled by PBL both individually and in groups [29], [8]. [20] states that the pre-test and
post-test scores produced a noticeable improvement in the performance of their skills. PBL has high essence
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motivation, has an effect on the task, improves the ability to think, has self-regulated and meta-cognitive
learning.

METHODS AND MATERIALS

This study used the quasi-experimental design; in which two groups are involved (experimental and
controlled). The sample of this study includes 40 female students randomly selected from a high school in Al-
Mazar Al-Janoubi district in Karak governorate. The students have been into two intact groups from two
classes of students of the tenth grade in Mu'tah Secondary School for Girls. The table below shows the
distribution of students according to their groups.

Table 1. Distribution of the study sample

School The Group Number of
female students

Mut’ah Secondary | Experimental | (20) students (A)

School for Girls

Controller (20) students (B)
Total 40 students
Materials of Study

The materials used in this study were the authentic materials of the first three chapters (genetics, traits
inheritance in humans, electric current) from the students’ science subject book for the academic year 2019-
2020. The researcher formulated the behavioral objectives to build the test, which included (30) behavioral
objectives distributed over the six levels, based on Bloom's classification (knowledge, understanding,
application, analysis, synthesis, and evaluation). Twenty teaching lessons related to PBL were prepared by
the researcher for each group (experimental and control) at the rate of (3) lessons per week. The controlled
group did not receive any instructions concerning PBL, while the experimental group have been trained and
instructed on how to use such a strategy.

The researcher prepared a test that measures the development of critical thinking skills with five
dimensions: Inference, Recognition Assumption, Deduction, Interpretation, and Evaluation of Arguments. For
this purpose, the researcher prepared (25) test items of the multiple-choice type based on the literature
review.

Experiment Application Procedures

Before starting the experiment, the researcher checked the homogeneity between the participants before the
commencement of the experiment (see table 2).

Table 2. Mean scores of the participants in the pre-test

Variable Group N M std | T Sig

Achieve Exper. 20 | 17.25 1.80 | 1.481 0.147
contol 20 | 16.35 2.03

Table (2) shows that the mean score of the experimental sample was (17.25), while the mean score of the
control sample was (16.35), and the calculated value of T was (1.481). This shows no difference between both
groups and confirmed that they are homogeneous. After checking the homogeneity of the two groups, the
researcher did the following:

1- It was agreed with the school director that the researcher would teach the science subject herself for the
tenth grade.
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2- The researcher started teaching the experimental group based on the problem-based learning strategy and
the control group studied according to the traditional method in the period between 10/10/2019 - 1/8/2020.
3- The researcher applied the instructional plans prepared based on the problem-based learning strategy on
the students of the experimental group.

4- The test was applied to two survey samples, the first of which was from the tenth-grade students in the Al-
Ja'fari Comprehensive Vocational Secondary School for Girls, and the number reached (15) students. The time
required for the test and the clarity of its items were determined. As for the second sample, it was from Al-
Taiba Secondary School for Girls, and there were (13) students, where the psychometric characteristics were
determined and the validity and reliability of the test were known.

5- After completing the teaching of the specific subject, the students of the two groups were informed that
there will be an exam that will include the first three semesters of the science subject studied during the
second semester, and the critical thinking skills test was applied on the two research groups on 12/1/2020;
after completing the test, the researcher corrected the answer sheets, where was given one score of the
correct answer and a score of 0 for the wrong answer.

RESULTS AND DISCUSSION

To answer the study question, the researcher calculated the mean and the value of (T) using the independent
sample T-test to compare the means of the experimental group students and the means of the control group
students in the critical thinking development test (see table 3).

Table 3. results of (T) test for the scores of the students of the two groups in the test of developing
critical thinking skills

Group ([N | M Std | T Sig
Exper. | 2 | 20.85 | 1.9 | 5.781 | 0.000
0 8
contol | 2 17.40 | 1.7
0 9

The above table shows that the mean of the scores of the students of the experimental group is
(20.85) with a standard deviation (1.98), while the mean of the scores of the students of the control group is
(17.40) with a standard deviation (1.79). The table also showed that the calculated value of (t) (5.781) is
greater than the tabular value of (t) (2.457) at the degree of freedom (38) and the level of significance (0.01),
which confirms the existence of a significant difference between the mean of groups in favor of the
experimental group. This result is evidence of the superiority of the experimental group students who were
taught based on the problem-based learning strategy over the control group students who were taught on the
traditional method of testing the development of critical thinking skills. This result is consistent with the
studies of [26], [27], [20], but contradicts with the result of [20] study.

The researcher attributes the findings of the study to the novelty of the problem-based education
strategy and the great importance of it in developing students' critical thinking skills by creating motivation
and excitement for learning; Also, relying on problem-based learning strategy is also evidence of student
positivity and his ability to build knowledge by themselves and consolidate knowledge requirements and
develop the ability of students to employ his knowledge in new situations, which helps him to retain it and
maintain its impact for the longest term.

CONCLUSION

Based on the results, the researcher presents the following conclusions:

1) A problem-based learning strategy contributes to developing critical thinking skills in the subject of
science by enhancing the cognitive aspects of eighth-grade students.

2) The problem-based learning strategy contributed to the development of behavioral aspects such as
commitment and time management.

93 I RAGHAD ALSARAYREH The Effect Of Problem-Based Learning Strategy On Developing Critical
Thinking Skills



3) Female students in intermediate schools need to use more effective and practical educational programs
according to their needs and problems, whether psychological, cognitive, or social.
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