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Abstract

Classroom climate and motivation plays a major role in the teaching-learning process. In this
study, we proposed a new teaching method (PBL-JD). “Problem-Based Learning” (PBL)-Jigsaw
Discussion (JD) (PBL-JD) is a student-centered teaching methodology applied in science
education; it ensures that the students are actively involved throughout the learning process. The
main aim of this research was to examine the effect of the PBL-JD method on students’ motivation
to learn science and on the science classroom climate. The participants of this pre-test — post-test
quasi-experimental research consisted of 204 tenth graders studying the blood circulation system.
Ninety-eight students were assigned to the experimental group and 106 to the control group. The
experimental group was taught using the PBL-JD method, whereas the control group used the
traditional non-PBL method, i.e., lecture-based learning. Two questionnaires (pre and post) were
distributed (one for evaluating motivation and another for evaluating the science classroom
climate). Significant differences were found among the experimental group, who improved their
motivation and their perception of the classroom climate.
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INTRODUCTION

Problem-Based Learning (PBL)

Many pedagogical theories have been developed and
implemented in order to provide more efficient teaching,
which takes into account the special needs of students
and enables them to fully exploit their personal abilities.
One of these methods is “Problem-Based Learning”
(PBL). This method is derived from the theory of
Constructivism, which stresses the active and critical
construction of knowledge based on previous
knowledge (Lapuz & Fulgencio, 2020). PBL is a student-
centered method based on the principle of using
problems as the starting point for acquiring new
knowledge (Lambros, 2004). The learner copes with the
problems, defines them, collects and acquires
knowledge about them, and acquires skills and

experience in problem solving (Nagarajan & Overton,
2019; Overton & Randles, 2015).

Akinoglu and Tandogan (2006) defined PBL as a
process in which students take responsibility for their
own learning and are able to make decisions. It is
therefore important for students to be exposed to many
real problems in their learning environment and to come
up with appropriate solutions. PBL is an active,
cooperative effort that takes place in small groups that
promote student alertness and demonstrate their ability
to solve problems, to learn how to learn, and to be able
to apply that knowledge to solve real-life problems. The
role of the teacher in this kind of learning is to assist and
guide (Hmelo-Silver, 2004). Podges and Kommers (2013)
as well as Siew and Mapeala (2016) showed that PBL
enhances learners’ confidence in their ability to solve
substantive problems using critical thinking. Moreover,
Siew et al. (2015) suggest that the PBL activities have a
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Contribution to the literature

e The study presents an innovative method for teaching science (PBL-JD), when we connect together,
“Problem Based Learning” (PBL) and “Jigsaw Discussion” (JD).

e The study examines the contribution of implementation a PBL-JD strategy, as an alternative learning
method, to raising students’” motivation and improving the classroom climate when teaching and learning

science.

e The PBL-JD method definitely can be recommended for use in teaching the sciences, since it makes

learning more experiential and significant.

positive impact on fostering students’ scientific
creativity in science lessons. Hallinger and Bridges
(2010) applied PBL to management education;
consequently, students’ learning outcomes were found
to be better than those with ordinary learning
approaches. Gallagher (2001) noted three key defining
features of PBL instruction: (a) Unstructured problems
in science teaching are interdisciplinary. Hence, learning
begins and is framed as an interdisciplinary and
unstructured problem. (b) the teacher serves as a meta-
cognitive coach, and (c) the student is the primary
stakeholder in the learning process. Rillero and Chen
(2019) argued that PBL can integrate diverse subjects
with meaningful experiences. Baran and Sozbilir (2017)
In light of their findings, declared it very effective and
productive to start using context- and problem-based
learning (C-PBL) in teaching chemistry. Vasconcelos
(2012) found that PBL methodology helps students
develop group work collaboratively and learn from real
environmental issues. Tarhan et al. (2008), Tarhan and
Ayyildiz, (2015), also Sungur et al. (2006) who examined
the effectiveness of PBL showed that PBL is very
effective for formation of knowledge, influences student
achievement, facility of formation of alternative
perceptions as well as social skills.

Carri6 et al. (2011) describe an experience in which
PBL has been introduced as an interdisciplinary activity
in the teaching of students in the bachelor degree of
biology, with special attention on the analysis of
contextualized complex problems. They conclude that
the use of an interdisciplinary hybrid problem-based
learning approach (H-PBL), in contrast to the lecture-
based learning (LBL) traditional curriculum, has no
deleterious effect on the recall of factual knowledge,
while it may permit the simultaneous development of
other professional skills, which could be more difficult
to attain in traditional curricula based mainly on the
lecture-based method.

Project-based learning practice in school, aligns what
students learn with the needs of the modern workplace,
making it a desirable goal for schools. The two most
significant challenges are teamwork, and high-order
thinking skill by students, and the difficulty that teachers
and students experience in personalizing non-traditional
teaching and learning roles. Other important challenges
include demanding workloads for teachers and
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students, superficial gain of content knowledge, lack of
clear application guidelines, lack of focus on identified
learning outcomes, lack of skilled manpower that can
lead to PBL and lack of adequate professional
development for PBL training (Bell, 2010).

Jigsaw Discussion (JD)

Problem solving skills can be taught through
cooperative learning allowing for each student to learn
from the past experiences, knowledge, and
understanding of peers (Winschel et al, 2015).
Cooperative learning has become entrenched in the
teaching-learning situation as an instructional strategy
with great potential and impact. One of the cooperative
learning strategies is the Jigsaw discussion (JD). JD
provides a task structure to increase student learning. JD
emphasizes peer learning by dividing the labor of
learning among small groups of students. The jigsaw
group arrangement allows students to help each other
understand information about corresponding topics by
apportioning the work of learning - each student in a
small group is responsible for acquiring expertise about
a different topic, theory, or reading, and sharing their
expertise with others in the group. The jigsaw activity is
organized by dividing a class into several groups and
assigning each group a different, but linked, topic
(Chang, 2009; Saputra et al., 2019). Cooperative learning
through JD is an instructional strategy that is shown to
improve students’” problem-solving ability (Winschel et
al., 2015). Cooper et al. (2008) found that students who
participated in collaborative work has developed
improved problem-solving Strategies that continued to
run while working separately. Baken et al. (2020) found
the use of team-based learning approaches such as the
Jigsaw  method and specifically show that
undergraduate biology laboratory courses can be
improved by implementing such activities in lieu of a
clear experimental approach to laboratory courses.

The jigsaw cooperative model has the following
procedures (1) Students form a home group consisting
of 4-6 people; (2) The teacher explains the outline of the
materials to be discussed; (3) Each member in the home
group has responsibility for studying more specific
materials; (4) Members who acquire the same materials
come together with expert groups to discuss specific
materials; (5) After the discussion, the group members of
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the expert group return to the home group to explain to
the group of experts the materials they have obtained; (6)
At the end of the study, test questions are given that
must be performed individually (Slavin, 1995; Saputra,
2019).

For the jigsaw discussion group method, the teacher
may take each student’s personal score and offer it to the
rest of the small group. Each member of the small group
will receive this average in addition to their personal
score. This helps ensure that all students work
collaboratively to teach the material and hold each other
accountable. The jigsaw discussion can be an effective
collaborative learning strategy. Although the jigsaw
discussion task takes time in class, the instructor does
not have to spend much time on lectures on the subject.
If planned well, the overall time commitment to using
the puzzle technique during the lesson can be similar to
lectures on the subject (Saputra, 2019; Slavin, 1995).

In the current research we proposed a new teaching
method (PBL-]D), when we connect together, “Problem-
Based Learning” (PBL) and “ Jigsaw Discussion” (JD).

PBL-JD

PBL using a jigsaw discussion (PBL-JD) is a highly
immersive student-centered approach that allows
students extended time, often over the entire semester,
to investigate an authentic problem or question while
developing knowledge and skills. The project
culminates in sharing their information with a “real-
world” audience through a final presentation, video, or
report for example. Using this student-centered
approach, each student studies the topic materials. Then,
they work in groups to share ideas, debate different
views and teach each other (Chang, 2009; Choe &
Drennan, 2001). When students face a complex and
complicated problem and put them in groups to share
knowledge, they practice and expand problem-solving
skills. The collaboration that occurs during the PBL
process also provides students with the opportunity to
share knowledge, experiences, identify knowledge
deficits, reconcile multiple perspectives, develop social
skills, and distribute the cognitive load (Hmelo-Silver et
al., 2007).

Biology, as one of the science discipline, deals with
the study of a living organism. By learning biology, the
individual studies him or herself and another organism
as living beings, Interaction between them and the non-
living beings. Such knowledge is used to improve the life
of the individual. The human body is a very complex
system, because each of its subsystems is a complex
system in its own right, including the blood circulation
system, Which the current study focused on. The human
body subject according to the Ministry of Education in
Israel, Culture and Sport (2016) represents the level of
the whole multicellular organism because it is relevant
to the student, allows for awareness of health and illness

and stimulates interest, curiosity and enthusiasm. The
blood circulation system is studied within the human
body subject and assigned to it for 16 hours. Ben-Zvi
Assaraf et al. (2013) argue that understanding the nature
of the human body is a very challenging issue for
students. This article presents research that spans one
school year. The researchers examined the effect of the
PBL-JD method on the blood circulation system,
especially diseases related to this system, where students
are at the center, researchers, arguing, consulting,
debating, collaborating, and all in guiding of the teacher
to motivate students’ science learning and perception of
the classroom environment.

The Science Classroom Climate

Classroom climate refers to elements of the class
atmosphere related to the personal, social, academic, and
cultural features of students in a certain learning
environment and to the way in which they perceive what
occurs in it as a result of their interactions with each
other, the teacher, and the material to be learned (Fraser,
2012; Kearney et al., 2016). The classroom climate is very
important for promoting positive learning and for
stimulating students who want to learn (Lerdpornkulrat
et al., 2018). Studies have shown that a positive climate
enhances students’ self-esteem and promotes academic
achievement. Classes in which the climate is
characterized by competitiveness, hostility, and
alienation as well as anxiety and discomfort make it
difficult for many students to fully develop
academically. By contrast, classes in which mutual
support exists among students as well as between the
students and the teacher foster the development of self-
esteem, involvement, and a sense of belonging (Hugerat
2016; Lewis et al., 1996).

When the classroom climate is studied, the teaching
method must be taken into account, because one of the
ways to change and improve the school system is by
improving the classroom climate, which can contribute
to greater interest and motivation among students, and
improved academic achievement (Broussard &
Garrison, 2004). Cooperative learning is one of the
prominent features of PBL. This method creates a
classroom culture of cooperation and requires skills such
as teamwork, listening to others, cooperation,
appreciation, and more. Such a climate encourages
students to respect and accept the responses and views
of others, and it creates a culture of cooperative effort
(Kolodner et al, 2003). Salter (2003) stated that
cooperative learning has a very positive effect on the
classroom climate and on academic achievement, and
that it also improves the learning process and makes it
more efficient. Hofstein et al. (2000) showed that PBL in
the sciences improves both students” attitudes towards
science and the classroom climate.

Hofstein et al. (2001), and Hugerat (2016) found that
education in which research aspects are included creates
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a unique learning environment that differs from a
classroom environment where other teaching methods
are used. Research-oriented learning increases student
involvement in the learning process and helps students
structure and apply their knowledge about scientific
concepts and processes. Such a learning environment is
an efficient and authentic way for students to develop
and to create their own knowledge base and
understanding of scientific ideas and concepts.
Furthermore, Dkeidek et al. (2012) confirmed that
students who discuss the work that they do in small
groups consequently develop good communication
skills among themselves and with their teacher. Each
member of the group participates in the discussion and
this has a direct, positive effect on the learning
environment. Problem-based learning, which generally
takes place in small groups, can thus make a positive
contribution in this respect as well. Ferreira and Trudel
(2012) found that use of PBL resulted in a significant
improvement in student attitudes toward science,
problem-solving skills, as well as positive views of the
learning environment. Its use also facilitated the
development of a sense of community in the classroom.

A number of researchers (Ball, 1977; Elliot & Thrash,
2001) have argued that motivation is greatly affected by
the  psychological characteristics of students’
personalities. However, since motivation style is a type
of interaction between the student and the learning
environment, the teacher is responsible for ensuring that
this environment will promote motivation to learn
among students. The classroom climate contributes to
greater interest and motivation and to improved
achievements (Broussard & Garrison 2004). Anderson et
al. (2004) showed that some aspects of the classroom
climate are significantly related to motivation. A positive
classroom climate has been linked to positive student
outcomes, such as promoting student motivation (Ellis
2004). Ferreira and Trudel (2012) found a significant
improvement in student attitudes toward science,
problem-solving skills, as well as more positive views of
the learning environment. The use of PBL also facilitated
the development of a sense of community in the
classroom.

Science Learning Motivation

Motivation to learn science plays an important role in
the persistence, achievement, and career aspirations of
students studying science, technology, engineering, and
math (STEM) (Bae & DeBusk-Lane, 2018; Covert et al.,
2019).

Motivation is a state of mind that motivates a person
to work in a certain way to achieve the desired goals. It
is a force that drives a person to work with high
commitment and focus. Elliot and Thrash (2001) defined
motivation as a theoretical structure that we use to
explain why people do what they do. It is a process that
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explains how a person responds to a need or a general
desire and puts into motion a series of efficient actions in
order to meet that need. Psychologists define motivation
processes as processes that encourage, guide, regulate,
or stop a certain behavior (Ball, 1977). Glynn et al. (2011)
outlined four related components of an individual’s
motivation to learn science: intrinsic motivation, self-
determination, self-efficacy, and extrinsic motivation. As
researchers (Covert et al., 2019; Pintrich et al.,, 1993;
Wolters & Rosenthal, 2000) have suggested, motivation
plays an important role in science teaching and learning,
students’ success in science topics, their conceptual
changes, critical thinking, and the development of
science skills and capabilities.

The concept of motivation has received considerable
attention in both psychology and education; it was
considered as one of the most important theoretical
factors in understanding human behavior (Beck, 2000).
Motivation affects student learning (Ormrod, 2000) and
plays an important role in directing behavior towards a
certain goal, increasing the effort and energy towards a
goal, increasing the initiative and perseverance of an
activity, and improves individual performance.
Instructional materials that are challenging give students
some choices and they promote students’ perceived
autonomy; students’ self-determination can positively
affect their motivation (Hidi & Harackiewicz, 2000).
Podges and Kommers (2013) showed that motivation to
learn improved when learners participated in PBL
activities; the choice of an appropriate learning strategy
thus enhances learners’ motivation.

The current research examined the contribution of
implementation a PBL-JD strategy, as an alternative
learning method, to raising students’ motivation and
improving the classroom climate when teaching and
learning science.

RESEARCH METHODOLOGY

The Student Sample

Science educators believe that a teacher must mix the
groups so that students of all levels are represented in
each group. If given a choice, students prefer to learning
in homogeneous groups of their peers and friends, but
they also appreciate getting to know and learn from
other members of the classroom. Heterogeneous
groupings are ideal for helping struggling students
(Schullery & Schullery, 2006).

The sample was taken from two different high
schools in the northern district of Israel. Eight
heterogeneous 10t grade classes were chosen in which
biology was taught, four for the experimental group
(N=106) and four for the control group (N=98) (48%
males and 52% females). In each school, there were two
experimental classes and two control classes. The
experimental classes were taught biology through the
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PBL-JD method and the control classes were taught
using the traditional method (e.g., routine, conventional,
and lecture-based learning). A description of these
learning methods is provided later. The experimental
and control classes were randomly divided. We selected
these groups because the average cumulative grades
achieved by students in both groups before the
experiment were statistically similar. The students were
selected using a random sampling technique.

The scientific backgrounds of the students in the
control and the experimental groups were similar. Other
factors that can influence students’” motivation and
perception are the students’ sociocultural status, the
parents’ educational backgrounds, the economic status
of their families as well as their social lives; the families
were generally in the middle class. Instructions for both
groups were given with the same number of lessons.

Data Collection and Instruments

Data were collected through quantitative and
qualitative tools (a mixed method). The quantitative part
consisted of two questionnaires. The first questionnaire
examined students” perception of the science classroom
climate. The questionnaire consisted of 32 items; it was
developed by Zedan (2008). In the present study we used
the same version that Hugerat (2016) used. Cronbach’s
alpha was calculated and found to be 0.899. The second
questionnaire, which examined students’” motivation,
consisted of 26 items (Shawn et al., 2009). Cronbach’s
alpha was calculated and found to be 0.823. Both
questionnaires were distributed to the students in the
experimental and control classes both before and after
the planned topic had been taught. The lessons focused
on human biology, according to the Israel Ministry of
Education, Culture, and Sport 2005 syllabus for five
study wunits in biology. Each questionnaire was
distributed separately for an entire lesson (lasting 45
minutes). The pre- and post-questionnaires were
identical. The participating students were asked to rate
their interest on a five-point Likert-type scale in both
questionnaires. All respondents were informed about
the anonymity of the research. The participants were
informed that they were under no obligation to
participate in the study and that they were free to
withdraw from it at any time, with no negative
consequences. The impact of PBL-JD on students’
motivation and on their perception of the classroom
climate were also assessed based on feedback from those
students involved in PBL-]D (the experimental group).

After the intervention, individual interviews were
carried out. Seven learners from the experimental group
were interviewed in order to determine their experiences
(four females and three males). The aim of the interview
was to determine students” opinions about PBL-JD and
to elicit information from the students and cross-check it
with the quantitative data in order to improve its

reliability. Each interview lasted about 25 minutes. The
interviews were recorded and transcribed.

Research Procedure

The research continued for a full term (for thirteen
weeks) and included four stages:

1. A pre-questionnaire transfers (Distribution of the
questionnaires of the classroom climate and of the
motivation to all the participating students before the
start of the project): Before the learning stage, students in
both the experimental and the control group were given
the classroom climate and the motivation
questionnaires.

2. The method of intervention: The students in the
experimental group were informed by their teacher
about PBL-JD (Hadkaew et al., 2008; Lee et al., 2015).
They were divided into groups of between four and five
students (home groups). Each group studied one kind of
illness associated with the blood circulation system:
hypertension, hypotension, diabetes, LDL/HDL
hypercholesterolemia, anemia, heart attacks, obesity,
smoking, and more. The students were asked to
characterize the illness in order to better understand its
complexity. Each group identified and defined the
illness at the problem-presentation stage and then
formulated questions that needed to be answered in
order to understand and solve the problem, for example,
“What causes the disease?”, “What facts are associated
with it?”, “Who is the risk group? and what are their
characteristics?”, “What are the symptoms of the
disease?” “How can it be cured?”, and “What sources of
information are available?”. Group members sought
information to resolve the problem by assigning
responsibilities to each group member to learn more
specific sub-materials. At this stage, students used a
variety of information sources, searched in libraries, and
used the internet and every other source that could
provide them with valid and reliable answers. Each
group’s research involved the use of information
processing and organizational skills. In the course of the
learning process, the students should build up their
knowledge and their concepts in those domains relevant
to the disease and they also should acquire general
thinking skills. The next step was that the group
members gathered with other group members who got
the same sub materials (expert group). At this step, the
students set up an expert group to seek a great amount
of specific information in order to solve the problem of
the given case study (the disease) as previously assigned
in the home group. The teacher instructed students to
search for some information from a variety of sources, so
that the students” knowledge of the related topics could
vastly increase. Next, each student returned to the home
group respectively in order to hold a discussion in order
to solve the assigned case study problems by using the
information gained from the expert group. In this
activity, the students shared each other their point of
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Table 1. Comparison of classroom climate perception and level of motivation among students in both groups before the

intervention program

Group N Mean SD T
Classroom climate Control 98 3.28 0.42 1.203-

Experimental 106 3.43 0.58 )
Motivation Control 98 3.73 0.65 0822

Experimental 106 3.80 0.52 )

Table 2. Comparison of the classroom climate perception and the level of motivation among the students of the
experimental group (N=106) before and after the intervention program

Stage Mean SD T
Classroom climate pre 3.43 0.58 3407+
post 3.87 0.67 )
Motivation pre 3.80 0.52 o
post 4.05 0.57 -3.220
**p<0.01
view while dealing with the problem-solving activity. FINDINGS
After having collected the needed information, they
were asked to present the most suitable solution and to  Quantitative

defend their choice. The groups worked on their
respective topics for three months, after which each
group handed in a portfolio and presented its work
before the class. The final stage - the teacher assigned
quiz or evaluation to each student. By contrast, the
control group continued to learn human biology using
the conventional method, based on frontal teaching, the
standard textbook, and practiced by answering
questions, usually quite simple, which appear at the end
of each chapter.

3. Post-questionnaire transfers: At the end of the
intervention process, the students were given post-
classroom climate and motivation questionnaires.

4. Semi-structured interviews were held with the
students.

Data Analysis

Descriptive statistics (mean and standard deviations)
and inferential statistics (t-test) were utilized from SPSS
version 22. Items with a positive meaning were coded on
a Likert scale from 1 (absolutely disagree) to 5
(absolutely agree); items with a negative meaning were
reversely coded. A lower score in the questionnaire
indicated negative attitudes; a higher score indicated
positive attitudes. The differences between the
motivation and the classroom learning for the
experimental and the control groups, were analyzed
using independent samples t-test (p<.001). In addition,
responses from semi-structured interviews from the
experimental and control groups were analyzed
thematically to identify and evaluate students’
experiences in their biology lessons. The audio-recorded
data were transcribed verbatim and transcripts were
analyzed using open, axial, and selective coding.
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To ensure that the two groups emerge from an equal
point in terms of classroom climate and motivation, the
difference between the experimental group and the
control group was examined before the intervention
program. The findings are presented in Table 1.

The findings in Table 1 indicate a non-significant
difference in the perception of the classroom climate
between the students of the experimental group and the
students of the control group before the intervention
program. It was also found that there is no significant
difference between the students of the two groups in the
level of motivation. If so, it can be stated that both groups
came out of the same point in terms of the perception of
the classroom climate and the level of motivation.

Also, a t-test was performed for differences in the
experimental group students between pre and post the
intervention. The findings are presented in Table 2.

The findings in Table 2 indicate a significant
difference in the classroom climate by the experimental
students group before the intervention program
compared to their perception after it (t =-3.427, p <0.01).
This indicates that there has been a significant
improvement in the perception of the classroom climate
by the students as a result of their participation in the
intervention program. In addition, the motivation also
found that there was a significant difference between the
experimental group students before the intervention
program and after it (t = -3.220, p <0.01). This indicates
that there has been a significant improvement in the level
of motivation of the experimental group students as a
result of their participation in the intervention program.

In order to answer the research question, an
independent samples t-test was conducted to determine
the differences between the students in the experimental
group (who studied biology using the PBL-JD method)
and those in the control group (who studied biology
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Table 3. Comparison of the classroom climate and motivation among students in the experimental and the control groups

Group N Mean SD T
Classroom climate Control 98 3.23 0.50 7 108w

Experimental 106 3.87 0.67 )
Motivation Control 98 3.68 0.73 3704

Experimental 106 4.05 0.57 )
**5p<. 001

using the traditional method). The results are presented
in Table 3.

The results presented above show a statistically
significant difference (t=-7.128, p<.001) in the perception
of the classroom climate between the students in the
experimental and in the control groups. The mean for
classroom climate perception among the students in the
experimental group (M=3.87, SD=0.67) was higher than
that for the students in the control group (M=3.23,
SD=0.50). In other words, the perceived classroom
climate improved for the students in the experimental
group, who participated in the intervention program
(the PBL-JD method), in comparison with the students in
the control group (the non- PBL-JD method).
Furthermore, also with respect to motivation level, a
statistically significant difference (t=-3.704, p<0.001) was
found between the two groups. The motivation level in
the experimental group was higher (M=4.05, SD=0.57)
than that in the control group (M=3.68, SD=0.73). In
other words, the motivation improved among the
students in the experimental group, in comparison with
the students in the control group. To conclude, the

intervention in the experimental classes clearly
promoted and improved the students” perception of the
classroom climate with respect to learning science,
regarding their level of motivation for learning, in
contrast to the standard, traditional teaching method.

Interviews with Students

In addition to the quantitative data produced by the
questionnaires, a semi-structured interview was
conducted with students. Four themes were identified,
which are as follows: 1) Satisfaction and enjoyment, 2)
Interest in biology, 3) motivation, and 4) Support and
encouragement. The themes are presented in Table 4.

To conclude, the answers show that learning human
biology using the PBL-JD method had a significant,
positive effect on the students. These findings are
consistent with the claim that students enjoyed and
benefited from PBL-JD. The students appear to have
become more active and independent learners, highly
motivated, and had a positive and challenging classroom
climate. However, the less expected results were related
to the students’ difficulties in applying the PBL-]D; these

Table 4. The reason themes discovered in an interview with the experimental group

Quotes from
Students’ responses

Theme

Satisfaction and

enjoyment what independent learning is”.

Learner 1: “The effect was very positive. I loved the subject and the method. For the first time I understand

Learner 2: “The teaching method was interesting, innovative, and challenging. It was connected to my daily

life”.

Learner 3: “The PBL-JD method has a positive effect on students”.
Learner 4: “Most of the time I was bored with the biology lessons. However, we have enjoyed this method. I

hope to continue to apply it to other topics”.

Interest in
biology
thinking skills”.

Learner 1: “This method showed me why biology is a research subject and not just facts and information”.
Learner 2: “I found out that biology is a broad subject, full of knowledge, but that it also requires high-order

Learner 3: “Biology has become a more attractive and interesting subject”.
Learner 4: “I used to think biology is similar to history, which means a lot of text. No studies and researchers
are seen. My opinion about biology now and its status have greatly improved”.

Motivation
this method”.

Learner 1: “This method had a positive influence on the classroom learning climate. I want to learn more by

Learner 2: “The learning environment in which biology classes are held now respects students and challenges

them more”.

Learner 3: “Thanks to this method, I have the desire and the motivation to continue to take an independent

interest in the subject taught in the classroom”.

Learner 4: “I felt enthusiastic about the method and it improved of my self-confidence, which was expressed

most by the initiatives I offered to the group”.

Support and
encouragement
wonderfully”.

Learner 1: “The teacher support was significant and it spurred us to continue to complete the task”.
Learner 2: “Our teacher, who is the sole authority during the lessons, was very supportive and guided us

Learner 3: “Teacher support and guidance was just fine. Sometimes we were afraid to ask too much”.
Learner 4: “For a student like me who is shy and with low self-confidence, it was very interesting for me to
collaborate with my colleagues and also initiate meetings with the teacher”.
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difficulties included managing time, the increased noise
and discipline in the classroom, as well as collaboration
with group members and the division of responsibility
between them. Some participants indicated, also, that
they did not trust the ability of their peers to teach them
properly.

At the same time, interviews were conducted with
students of the control group. The findings obtained
showed on that most students indicated that their
teachers teach in the traditional frontal method.
Teaching is done through the books, exercises at the end
of each chapter, experiments as required and a closed
and “predictable” examination. Most lessons are for the
purpose of imparting knowledge. In most cases the
lessons are boring. Students also noted that their
teachers tend to involve and share them during lessons,
but not sufficiently.

DISCUSSION

The research examined the motivation level of
students in the experimental and the control groups and
found that it was significantly higher among the
experimental group, apparently due to their
participation in the intervention program. The findings
showed that the intervention program in which students
in the experimental group learned topics in biology
using the PBL-JD method experienced an increase in
motivation. These findings are consistent with those of
other researchers, e.g.,, Winschel et al. (2015) in their
study, they employed cooperative learning as an
instructional approach to facilitate student development
of spectroscopy problem solving skills. Coupled with
attitude surveys, which were used to gauge students’
perceptions of the activities, these results suggest that
students found the discussions to be a useful source for
learning spectroscopy. Tosun and Taskensenligil (2012),
also demonstrated that the PBL method had a positive
effect on three dimensions: the achievement of a
determined aim, enhancement of the value of the learned
subject, and self-efficiency. These three dimensions were
considered the main products in evaluating the
motivation. Podges and Kommers (2013), also found an
increase in the level of motivation to study the subject
among students who had learned using the PBL method.
The findings in the study’s qualitative part support those
in the quantitative part. Many studies (e.g., Lepper et al.,
2005) that examined the motivation levels of students
who learned science in primary school found that this
method contributed to understanding the subject matter.
In addition, an analysis of the results of the research of
Liu et al. (2011) showed that students significantly
increased their knowledge of science from pretest to
posttest. After using the PBL method, they were
motivated and enjoyed the experience, and a significant
positive relationship was found between students’
motivation scores and their science knowledge posttest
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scores. In contrast to the students” increasing motivation
in biology, this result is not in agreement with the
research of Baran and Sozbilir (2017), who found that the
students’ attitudes and motivation to learn remained
unchanged before and after the PBL intervention. The
authors claimed that this is understandable, since both
motivation and attitudes are affective behaviors, which
require long-time treatment in order to see a significant
lasting effect. However, there is contrasting evidence
indicating that PBL practices have positive effects on
motivation (Klegeris & Hurren, 2011).

In comparing the classroom climate in science among
students who learned using the PBL-JD method and
those who learned using the traditional method, the
findings show that the former reported a more positive
attitude. The qualitative part supports this, as shown by
the following statements by two students: “This teaching
method had a positive effect on the learning climate in the
classroom ... the class was noisy in a positive sense, and the
discussion was profound and interesting”. “Biology for me
became more meaningful, more scientific, and challenging.
The cooperation among students was fruitful”. Thus, PBL-]JD
improves the school climate - PBL-JD brings about the
creation of more intensive, tighter, and more significant
teacher-student, teacher-teacher, and student-student
relations, promotes personal attention and a culture of
dialogue in the classroom and positively affects the
students’ sense of well-being in school. It enables more
students to express themselves and encourages a honest
and frank dialogue among the participants in the
learning process. The findings of the present study are
similar to those of Senocak et al. (2007), who also showed
that there was a statistically significant difference
between the experimental and the control groups in their
attitude toward chemistry and that the significant effect
of the PBL appears to lie in the students’ satisfaction with
the learning environment. These authors found that the
PBL approach is viewed positively by learners, who
describe it as enjoyable, interactive, relevant, practical,
and holistic. Uzun et al. (2020) reached a similar
conclusion. They concluded that the students were
generally satisfied with the problem-based learning
practices. Our findings are also in line with those of De
Witte and Rogge (2016), who tested the effectiveness of
PBL. Their findings indicate PBL’s significant positive
effect on student achievements, a significant positive
effect on motivation, and a significant positive effect on
the classroom atmosphere.

Several studies have been conducted on the impact of
PBL on student motivation and the classroom climate. In
these studies, a comparison was made between PBL
students and students in a more traditional setting
(where learning was based primarily on lectures). Some
studies have indicated that PBL students score higher in
several motivational aspects (Luo, 2019; Sungur &
Tekkaya, 2006). In addition, other studies revealed that
PBL improves the classroom climate. For example,
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Thakur et al. (2018) assessed students’ perception while
they learned 9t grade biology through the PBL method.
The study revealed that PBL makes learning an
enjoyable experience by exploring new knowledge,
increasing curiosity among the learners, linking
previous knowledge, and creating interest.

CONCLUSIONS AND IMPLICATIONS

As in previous studies, the students in the present
study also became active learners and showed great
motivation to learn at various stages of the research. It
was found that this method promoted independence
and individual learning. In this study the teachers
facilitated the learning process by guiding the students
through the various stages of PBL-JD, by connecting
them to the problem, building the structure, visiting and
revising the problem, creating a product and presenting
and evaluating the implementation. This method helps
students develop self-reliance and promotes a
community spirit within the classroom. It was concluded
that the intervention program in which students in the
experimental group learned about human body using
the PBL-JD method brought about an improvement in
their motivation to learn science, and an improvement in
their perception of the classroom climate.

Thus, teaching biology using the PBL-JD method had
a positive effect on the students. It made them like the
subject, increased their motivation, and provided them
with opportunities to perform actions such as locating
and using information sources, analyzing, planning, and
evaluating solutions, and acquiring cooperative-group-
effort skills. From the present study, it can be concluded
that the PBL-JD method definitely can be recommended
for use in teaching the sciences, since it makes learning
more experiential and significant.

However, this study had some limitations: students,
who will be a part of every new science teaching
program make them act more preventative ways and
perhaps inflate their self-reports of motivation and
involvement. It might be possible that these gains were
a function of students” expectations, the practice effects,
or their tendency to be ‘smart in testing’. They were
aware to the purpose of the intervention and may have
been motivated to give the ‘right’ answers. In addition,
teachers do not easily change their teaching methods.
PBL-JD demands more time and effort, and therefore, it
arouses opposition among some teachers. In order to
generalize the findings to a wider population, we must
examine the recurrence of the findings in other countries
and among students studying biology as a compulsory
profession. However, because we have had a diverse
student population, for example by residence (urban
versus rural) and geographical (central versus
periphery), heterogeneity may prove that our findings
may be valid for another diverse population.
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