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Abstract. Physics for medical students is perceived as a sophisticated
subject. The sophistication, however, does not lie in the physics concepts
themselves or students” comprehension of the subject, but it is more often
related to the ineffectiveness of techniques applied to teach the subject.
This study investigates the effect of the Jigsaw technique, a highly
structured form of cooperative learning, on the academic achievement of
first-year medical students in learning physics. A quasi-experimental
research approach with a pretest-posttest design was employed to conduct
the study with a purposive randomly selected sample of fifty students
made up of twenty-five students in the control group and twenty-five
students in the experimental group. The control group was taught using
traditional lectures, while the experimental group was taught using the
Jigsaw technique which involved students working actively to map the
concepts of nuclear radiation in diagnosis and therapy. A comprehensive
statistical analysis, which included a Shapiro’s test, paired sample t-test,
independent sample t-test, average gain factor, and size effect calculations,
was used to test the research hypotheses. The findings of this study
showed that there was a statistically significant difference (P < 0.05)
between the post-test scores of students exposed to the Jigsaw cooperative
learning technique and those who were not. In addition, it was deduced
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by the educator (first author) that the students were actively engaged with
the topic material, took more responsibility for their performance in the
activity, learned how to map the radiation physics concepts, and explored
a new learning environment that enabled them to use their higher-order
thinking skills to solve medical physics problems.

Keywords: first-year; medical students, radiation; Jigsaw; cooperative
learning; concept map

1. Introduction

First-year students in medical colleges consider physics troublesome in
comparison with other basic sciences such as biology, chemistry and even
mathematics since they are required to process various forms of information,
such as experimental results, equations, calculations, figures, and scientific
interpretations, at the same time (Zafer & Mustafa, 2008; Gelu & Muza, 2011;
Maija, 2012; Marquez et al., 2017). In the field of medicine, physics explains
many principles that govern the functions of the human body. For example, it
helps in understanding applications for ultrasound, blood pressure and viscosity
(Knight et al., 2019), electrical activity of the brain, electrical and muscular
functions of the heart, electrical signaling of nerves and their insulation (Lodish
et al., 2000), X-ray imaging (Kemerink et al., 2012), as well as the use of
radionuclides in diagnostic and therapeutic medicine (Yeong et al., 2014).

However, several researchers agree that students commonly find physics
challenging to learn (Angell et al., 2007). It has also been suggested that the
challenge does not lie in the complexity of the physics concepts or the perception
of the subject held by students, but, more often, in the ineffectiveness of
techniques applied to teach the subject (Redish, 1994; Redish & Steinberg, 1999).
Scientific societies around the world are racing to improve their educational
systems through solid grounding in knowledge and learning. Superior
educational systems have noted that active-learning is an advantageous
teaching-learning technique for interdisciplinary topics, especially in physics
(Alraddadi, 2010; Aydin & Biyikli, 2017; Marquez et al., 2017).

Equally, educators have recognized cooperative learning as one of the most
effective strategies for helping learners to overcome the learning challenges
associated with complex subjects such as physics (Dong et al., 2019). The
evolution of interest in cooperative learning techniques gained momentum in
the 1990s due to the shift away from traditional teaching techniques to more
active student-centered techniques (McCabe & O'Connor, 2013). This evolution
has given rise to different cooperative teaching techniques which can be
implemented by educators to transfer knowledge and develop learners’ skills.
As opposed to traditional methods, learners are encouraged to use problem-
solving and critical thinking skills, apply their learning, and share it with their
peers independently. In this respect, learning activities such as presentations,
debates, brainstorming, case-studies, Jigsaw, group discussions, hands-on
activities, problem solving, experiential learning and simulations have the
potential to provide learners with opportunities to develop more profound
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levels of understanding, which are required for cumbersome concepts (Asoodeh
et al., 2012).

Aronson et al. (1978) developed the Jigsaw technique in the early 1970s. It has
been attracting the attention of educators and educational researchers for the last
few decades (Walker et al., 2015). In essence, the technique seeks to promote
collaboration between learners, to dispel the negative learning competition
between them, to promote their higher order thinking skills, and to help them
during their learning experience and future professional careers (Eachempati et
al., 2017). Furthermore, it is a successful learning technique for small mixed-
abilities groups to improve their understanding of a specific scientific topic and
requires learners to take responsibility for their own learning and the learning of
their peers, which leads to the promotion of cooperation and a sense of shared
achivement, interdependnce, individual accountability, and the development of
interpersonal and team skills (Jones & Jones, 2008).

2. Literature Review

Several studies have shown that active learners are better than their passive
peers in recalling and assimilating concepts. Zafer and Mustafa (2008) analyzed
improvements in academic performance and retention of knowledge among
graduate students in magnetism by employing the Jigsaw technique with an
experimental group and traditional teaching methods with a control group. The
study revealed that a statistically significant difference was detected in favor of
the experimental group showing the effectiveness of the highly structured
cooperative learning-teaching sequence. Within the same circumstances, Gelu
and Muza (2011) applied the Jigsaw technique to deliver the fundamental
concepts of Bohr’s model of the hydrogen atom and its extrapolation to other
atoms with more electrons; they concluded that cooperative learning strengthens
the basic knowledge of students of atomic physics and enhances their
communication skills. Pelobillo (2018) delineated the effectiveness of the Jigsaw
technique in problem-solving and mastering the concepts of physics among high
school students, concluding that students’ exposure to the Jigsaw technique
improved physics learning. Gamit et al. (2017) also studied the effect of
cooperative learning - through small group activities - in enhancing the
performance level of mathematics students; they concluded that the abilities of
the students and their learning habits were improved as a result of cooperative
activities more than by traditional methods.

Karacop and Doymus (2013) investigated the effect of the Jigsaw cooperative
learning technique on the perception of first-year university students of chemical
bonding and their conceptions of the particulate nature of matter. It concluded
that students should take part in interactive group work rather than studying
alone and at the same time, they should be assisted by animations. Within this
framework, students can favorably digest chemistry modules at the
macroscopic, microscopic, and symbolic levels. Kumar et al. (2017) assessed the
improvement in medical students’ cognitive skills for microbiology by
implementing the Jigsaw technique. The findings showed that the technique led
to results which were substantially better than the results from traditional
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classroom teaching since peers shared their knowledge and understanding to
construct the concepts of the specific topic, and then strengthened them with one
another.

Aliya et al. (2019) conducted a cross-sectional study to analyse the learning
experience of biochemistry students using the Jigsaw cooperative learning
technique and to explore students” opinions of it. They revealed that the majority
of students had a positive attitude towards Jigsaw and acknowledged the
benefits of it, specifically in terms of the communication skills it involved.

Given what has been said, meaningful, and well-organized content knowledge is
required to formulate high standard learning and teaching techniques (Chiou,
2008). Within this context, portraying knowledge is based on concept maps
where knowledge is organized and represented graphically as connected
concepts, laws, or other forms of conceptual knowledge (Chiou, 2008; Collins &
Nyenhius, 2020). The benefit of concept maps is that they provide a
comprehensible visualization of how concepts are connected to each other by
links and can therefore be used to picture the interconnectedness of knowledge
structures (Martinez et al.,, 2012). Maija (2012) found that concept mapping
consolidates the knowledge structure, which helps students to comprehend the
procedural nature of the connections between physics concepts and helps to
foster reflective thinking during the learning process. Mustafa and Talat (2013)
studied the effectiveness of the concept mapping strategy as an instructional tool
for teaching chemistry; they concluded that a concept map works better in the
tield of education, taking another step forward towards instructional techniques,
and making learning easier for learners. Marquez et al. (2017) analyzed the effect
of the Jigsaw technique on academic achievement in physics subjects. In their
study, an experimental group worked on constructing concept maps using the
Jigsaw technique, while a control group worked on the same subject using a
lecture-based learning technique. The results showed that without achieving
considerable statistical significance, the learning sequence of the experimental
group was improved. The students were encouraged to work purposefully in
the Jigsaw groups, despite the perception of a sense of insecurity due to a new
activity that they had not been exposed to before. Recently, Baliga et al. (2021)
stated that the use of concepts maps were effective teaching and learning tool for
medical students and excellent way to assess their critical thinking skills.

3. Ready-to-Go Teaching Modules

Cooperative learning techniques in teaching physics for the health track students
in the Deanship of Preparatory year (DPY) at Imam Abdulrahman Bin Faisal
University (IAU), Kingdom of Saudi Arabia (KSA) were introduced to teaching
in 2013. To successfully integrate active learning techniques within the
classroom, the department of basic sciences of the DPY, has been using Pearson’s
Ready-to-Go Teaching Modules (R-to-GTMs) (Pearson, MyLab and Mastering,
2019) for the last few years. These modules support physics educators to
transform the educational experience and present information in impactful
ways, based on the most recent research, and find the best assets to use before,
during, and after class (Ozdemir & Oner, 2015; Kim, 2017). The modules have
been utilized in teaching fundamentals of physics for the health track students in
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medicine, dentistry, pharmacy, applied medical sciences, nursing, and public
health. It is worth mentioning that these interactive modules assist students and
educators to be organized and easily engage with scientific content and each
other (Brady & O'Reilly, 2020).

4. Research Question and Hypotheses
Because of their multiple pedagogical advantages, the Jigsaw cooperative
learning and concept mapping techniques have been used extensively in
teaching humanitarian and scientific courses to high school students and
undergraduate students: first-years, juniors, and seniors (Connell et al., 2016;
Karacop, 2017). The literature includes significantly fewer educational studies on
the use of Jigsaw in teaching physics for medical students. Thus, this study was
conducted to shed more light on the effect of implementing the Jigsaw
cooperative learning technique on medical students’” achievement in physics at
IAU, KSA through mapping the concepts of nuclear radiation in diagnostic and
therapeutic medicine. Besides, it could serve as a pull trigger to motivate
researchers to develop novel online models, especially during the Covid-19
pandemic, to study the effect of using the Jigsaw technique on the students’
perception of multidisciplinary scientific topics. Built on the usefulness of using
Jigsaw technique that was highlighted significantly in the literature review of
this study, and the indispensable need for well-thought-out learning-teaching
procedure, this study addresses the following research question:
e Is the application of the Jigsaw cooperative learning technique effective in
improving first-year medical students” academic achievement in physics?
Based on the above-mentioned question, the following four null hypotheses
(NHs) are formulated:
=  NH_1: There is no statistically significant difference between mean pre-test
achievement scores of the students who were taught by the Jigsaw
cooperative learning technique and those were taught by the traditional
learning technique.
= NH_2: There is no statistically significant difference between mean
achievement scores of the control group students from the pre-test to the
post-test.
= NH_3: There is no statistically significant difference between the mean
academic achievement scores of the experimental group students from the
pre-test to the post-test.
= NH_4: There is no statistically significant difference between the mean post-
test achievement scores of the students who were taught by the Jigsaw
cooperative learning technique and those were taught by the traditional
learning technique.

5. Methodology of the Research
This section includes the research design, research subjects, research
instruments, procedures, and statistical treatment.

5.1 Sample

A quasi-experimental approach with a pretest-posttest design was employed to
conduct the study. The sample of the study consisted of fifty health-track male
students, who were randomly selected from the physics course population and
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taught by the researcher (first author) in the DPY at IAU in the 2019-2020
academic year. The students were divided into two groups consisting of twenty-
five students in the control group and twenty-five students in the experimental
group. The control group was exposed to traditional lectures, in which the
educator acts as a knowledge dispenser rather than a learning facilitator. In
contrast, the experimental group was taught through the Jigsaw technique, in
which the educator acts as a facilitator and organizer providing resources and
support to the students, and the students must work actively in a purposeful
way.

5.2 Pre-test and Post-test

The present study was made up of three phases. Phase I (pre-testing) and Phase
II (Jigsaw cooperative learning versus traditional lectures) are explained in Table
1. Phase III (post-testing) is explained in Table 2.

Table 1: Schematic view of pre-testing phase and Traditional lectures versus Jigsaw
cooperative learning phase

Phase Groups Number of | Time
Control Group X Experimental Group Y Sessions (in hr)
Academic achievement Academic achievement
in physics in physics
= Py Py In-class Test 1
5 |Both groups took a pertest to ensure they were matched
] . D (Pre-test)
® in their literacy
= |Educator-centered technique| Student-centered technique
r? The students made use of  |The students made use of
r’lﬁ the pre-class contents to the pre-class contents to
& |prepare for the physics prepare for the physics . -
R classes. The contents were |activity. The contents were Prep}z:rauon at
~  |posted on the blackboard  |posted on the blackboard orme
system of IAU. system of IAU.
The educator delivered a The educator delivered an
~ |traditional session on the interactive session on the
5  |specified topic and the topic being studied via One
= ® students exclusively stimulating the student classroom 1
s = listened. During activities, |higher order thinking skills session
) ) )
i = |students worked alone, and |and preparing them for the
S 2 |collaboration was upcoming cooperative
3 5 |discouraged. sessions.
S 2 The educator continued Forming Jigsaw groups
== . - ) : One
< delivering the specified each student in the Jigsaw
3 & p 5 classroom 1
— a topic and responded to the |group was assigned to lean session
g g students’ questions. one section of the topic)
5 0 - -
g @ The educator continued Forming expert groups o
0Q § delivering the specified each expert group was ne
& p pert group
~ = L ) classroom
a topic with some examples  |assigned to construct the . 1
@ and the students took notes. |concept map of one section). sesston
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The educator displayed Students returned to their One
some videos and animation |Jigsaw groups and each
and solved some real-world |group was assigned to classrp om 1
. session
problems in nuclear construct the whole concept
radiation. map of the topic.
The educator continued The full concept-map was
delivering the specified constructed One
topic and clarified students’ |(Educator-learner interactive| classroom 2
misconceptions. session) session
Table 2: Schematic view of the post-testing phase
Phase Groups Number of | Time
Control Group X Experimental Group Y Sessions | (in hr)
The students were assigned | The students solved the
to solve some selected end of | adaptive follow-up
) chapter questions and assignment items on -
% problems from the Pearson’s MyLab and the Homework
= recommended textbook. Mastering platform.
5 Measurement of academic Measurement of academic
'% achievement in physics achievement in physics
% * Both groups took a post-test to measure their
é"- achievement in the physics course. In-class test 1
de « At the end of the test, each student in the two groups (post-test)
wrote his reflection on the conducted learning
technique.

The control and experimental groups were given a pre-test at the beginning and
a post-test at the end of the study. Each test was composed of twenty multiple-
choice questions in which each correct answer received 0.5 points. A pre-test was
administrated to both groups to find the level of academic performance of each
student in physics. The result for this served as the independent variable for
comparing the results of the assessment after the intervention had been
conducted (Aydin & Biyikli, 2017). It served as the baseline to indicate how the
students improved after applying the cooperative Jigsaw technique. In Phase II,
the activity was performed by the students in the experimental group and the
educator acted only as a learning facilitator. In contrast, the control group was
exposed to a sequence of traditional lectures. The post-testing phase was
undertaken to assess the progress of the students’ learning in physics.

5.4 Procedure

The present study demonstrates the considerable significance of using the
Jigsaw cooperative learning and concept map for students’ academic
achievement. A concept map is a type of graphic organizer used to help students
organize and represent knowledge on a subject. A concept map begins with a
main idea and then forks to showcase how that main idea can be divided into
specific topics (Yatimah et al.,, 2020). Likewise, Jigsaw is a well-structured
cooperative learning technique, which has been successfully used by numerous
educational systems to improve academic achievement among students
(Karacop & Doymus, 2013). This technique assigns students to groups that are
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composed of individuals with varying skill levels. Each group member is
responsible for becoming an expert on one section of the topic being studied and
then teaching it to the other members of the group. The Jigsaw technique was
implemented in the present study as follows:

1. The experimental group Y (Ny = 25) was divided into five “Jigsaw groups”,
which were labeled JG 1, JG 2, JG 3, JG 4 and JG 5, respectively. Each Jigsaw
group was composed of five students and was diverse in terms of ethnicity, race,
and ability. The students in the five Jigsaw groups were labeled respectively as:
JG 1: Al, A2, A3, A4, and A5, JG 2: B1, B2, AB, B4, and B5, JG 3: C1, C2, C3,
C4, and C5, JG 4: D1, D2, D3, D4, and D5, and JG 5: El, E2, E3, E4, and E5.

2. The “nuclear radiation” topic was divided into five sections: radioactivity,
biological effects of radiation, diagnostic radiation, therapeutic radiation, and
radiation dose, which were labeled S1, S2, S3, S4 and S5, respectively. It was
ensured that the content of one section was not a prerequisite for any of the
other sections.

3. Each student in a Jigsaw group was assigned to learn one of the five sections:
S1, S2, S3, S4 and S5. The students were given enough time to read over their
assigned sections and each student had direct access only to his own section.
Each student was encouraged to start constructing the corresponding concept
map of his assigned section.

4. Five "expert groups" were then formed. One student from each Jigsaw group
joined other students assigned to the same section. The expert groups were
labeled EG 1, EG 2, EG 3, EG 4, and EG 5, respectively. Enough time was given
to the students in each expert groups to discuss the main points of their section
and to construct the corresponding visual concept map, which was to be
presented to their Jigsaw group. The students in the five expert groups were
labeled respectively as: EG 1: Al, B1, C1, D1, and E1, EG 2: A2, B2, C2, D2, and
E2, EG3: A3, B3, C3, D3, and E3, EG 4: A4, B4, C4, D4, and E4, and EG 5: A5,
B5, C5, D5, and E5.

5. The students were then asked to return to their Jigsaw groups where each of
them explained and presented the structure of the concept map of his assigned
section, which was already prepared in his respective expert group.

The Jigsaw technique is visually organized and depicted in the map in Figure 1.
Figure 2 illustrates the organization of the Jigsaw and expert groups in the
present study.
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Figure 1: Concept map for the cooperative learning Jigsaw technique, which was
constructed by the authors of this study.
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Structure of the Jigsaw
Activity

Jigsaw Groups consists of Expert Groups

Five Sections’ Topic

S1: Radioactivity
S2: Biological effect of radiation
S3: Diagnostic radiation
S4: Therapeutic radiation
S5: Radiation Dose
I
which is
assigned

Cl

C2 C3

C4 C5

JG3 JG2 1G1

- N =

regrouped

Bl Cl to form the B5 C5
B2 expert groups A4
D1 EIl B2 C2 e B4 C4 D5 E5
D2 E2 B3 C3 D4 E4
Bt EGS
D3 E3
EG2
‘ |
|

EG4
EG3

Radioactivi Biological effect Diagnostic Therapeutic Radiation
acioactivity of radiation radiation radiation dose

Figure 2: Organization of the Jigsaw and expert groups to map the concepts of nuclear
radiation in diagnosis and therapy. It was constructed by the authors of this study

To ensure that the experimental group was well-prepared before conducting the
Jigsaw activity, the arrangement of the R-to-GTMs were implemented. A pre-
class content was uploaded to the e-learning system of IAU. The content
consisted of the used textbook (Knight et al., 2019), summarized concepts on
nuclear radiation in medicine, selected videos and PhET animations, concept
map software (Cmap Tools: version 6.01.01) and the concept map for the Jigsaw
cooperative learning technique shown in Figure 1. In the first session, the
educator introduced the whole topic interactively and prepared students for the
forthcoming activity. It helped the assigned students to be actively engaged with
the topic material, purposefully participate in the learning environment, take
more responsibility for their performance in the activity, learn how to map the
concepts, and apply the physics laws to a real-world problem. In the three
active sessions following, the Jigsaw activity was conducted. Two examples on
the concept maps, which were constructed and presented by the assigned
students in this study, are shown in Figure 3 and Figure 4, respectively.
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It is worthwhile to mention that concept map is mainly constructed to answer a
particular question. Before constructing the concept map of the biological effect
of radiation, which is shown in Figure 3, the students of EG 2 came up with the
question “How do tissues react with different forms of nuclear radiation?”. They
answered the question in five steps. Firstly, selecting the key concepts (e.g.,
biological factor, physical factor, radioisotopes, radiation dose, and dose
equivalent) without linking them. Secondly, choosing the necessary sub-
concepts (e.g., kinetic energy, relative biological effectiveness, alpha particle-beta
particle-gamma ray, mass of body tissues, amount of damage) to be linked with
the key concepts. Thirdly, rearranging and interlinking the key concepts and
sub-concepts using appropriate words (e.g., absorb, which decays, is a good
measure of, can be summarized in, which is absorbed by, etc). For example, “the
tissues in the body absorb radioisotopes”, “the absorbed kinetic energy is a good
measure of the amount of tissue damage”, “physical factor can be summarized
in how much energy is absorbed by the body?”. Fourthly, Using appropriate
words to crosslink concepts from the hierarchy that begins with the “physical
factor” concept to the one that begins with the “biological factor” concept. For
example, “radioisotopes decay alpha particles, beta particles or gamma rays”.
Finally, Checking the content of the concept map and remove any redundant
concept, since the goal of the concept mapping is the process itself rather than
the resulting concept map. Following the same procedure, the EG 3 constructed
the concept map of the diagnostic radiation (Nuclear imaging), which is shown
in Figure 4.
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Figure 4: Concept map for diagnostic radiation. It was constructed by EG 3

It was concluded that the well-thought-out topic of the jigsaw activity, nuclear
radiation in diagnosis and therapy, motivated the students to brainstorm and
generate new ideas, to discover new concepts and the propositions that connect
them, to manifestly communicate ideas and information, to integrate new
concepts with older concepts, and to gain in-depth comprehension of the topic
(José & Helen, 2013). Additionally, the students took the opportunity to actively
assist each other, attain high levels of cognitive performance, and recapitulate
concepts using their own words. During the activity, the educator (first author)
carefully guided the students, responded to their inquiries, and clarified some
concepts when needed. Notably, the constructed concept maps served as a
quintessential appraisal tool for the educator to spot students’” misconceptions
and to evaluate areas in which students had not yet understood concepts
extensively (Mustafa & Talat, 2013). Subsequently, the full concept map for
nuclear radiation was constructed in the last interactive session by the students
and the educator (first author) as shown in Figure 5. The students were
encouraged to consolidate what they had learnt in the Jigsaw groups and expert
groups, to discover the relationship between their ideas, to compare viewpoints,
find similarities and gauge differences (Maija, 2012). An online Pearson’s
adaptive follow-up assignment (Pearson, MyLab and Mastering, 2019) was
targeted at the students’ areas of weakness. It consisted of questions that
addressed gaps in understanding based on the students’ performance in the
concept mapping. After conducting the activity, the experimental and control
groups underwent the same post-test.
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5.4 Statistical Treatment

The Statistical Package for the Social Sciences SPSS.20.0 (SPSS Inc, Chicago, IL,
USA) was used to analyses the data for the pre-test and post-test for the control
and experimental group students; an independent sample t-test and paired
sample t-test were used to test the hypotheses of this study (Ju, 2015). The t-tests
assume that the data follow a normal distribution or a Gaussian distribution. It
is assumed that the population from which the samples are taken is normally
distributed. Therefore, in order to check the normality assumption, Shapiro’s test
was used (a = 0.05) (Ghasemi & Zahedias, 2012). Levene's test (Gastwirth et al.,
2009) for equality of variances was also used to determine if the control and
experimental groups have about the same or different amounts of variability
between scores in the pre-test as well as in the post-test. The independent
sample t-test was applied to compare the pre-test scores of the control and
experimental groups; the NH_1 was tested. The paired sample t-test was then
applied to compare the pre-test and the post-test experimental group scores as
well as for the control group scores; NH_2 and NH_3 were tested. Average
normalized gains were also calculated for both groups to compare the
effectiveness of each teaching method in promoting conceptual understanding
and improving the academic achievement level of students in physics (Bao,
2006). To determine the impact of Jigsaw cooperative learning on students’
performance in physics, the independent sample t-test was applied once more to
compare the post-test scores of the students who were taught using the Jigsaw
technique and those who taught through traditional lectures; NH_4 was tested.
Cohen’s d effect size (Sawilowsky, 2009; Lakens, 2013) was calculated for
independent and paired samples. Moreover, the average normalized gain was
calculated (Hake, 1998), which measures the effectiveness of a course in
promoting conceptual understanding.

6. Results and Analysis

In this section, the results of the study are presented and discussed with
reference to the aim of the study. The formulated hypotheses are tested using
statistical methods to answer the research question.

6.1 Normality test and the Research Paradigm

The Shapiro’s test calculates a W-statistic that tests if a random sample comes
from a normal distribution. @ =0.05 is the level of significance used in this
study. The test rejects the hypothesis of normality when the P-value is less than
or equal to 0.05. Table 3 shows the results of the Shapiro’s test, which revealed
that the pre-test and the post-test scores of the control and experimental groups
follow the normal distribution as the P-value of each is greater than 0.05. The
control and experimental groups for this study were randomly selected from the
physics students of the DPY at IAU; consequently, the assumptions of normality
and randomization were satisfied.

Table 3: Shapiro’s test of normality

Students’ scores W-Statistic df P-value
Pre-test_Experimental 0.926 25 0.072
Pre-test_Control 0.943 25 0.173
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Post-test_Experimental 0.920 25 0.052
Post-test_Control 0.948 25 0.226

The paradigm for this study is shown in Figure 6: t-tests and tested hypotheses.

St Paired Sample Post-test
& . T-test < i
Experimental group [€ (Testing NH_3) >| Experimental group
- N
Independent SI:ie]Iizl}rCf;tt
Sample T-test (Tesﬁlrjl NH_4)
(Testing NH_1) & -
. \ 4
Paired Sample Post-test
Pre-test < T-test > Control group
Control group (Testing NH_2)

Figure 6: Paradigm for this study: t-tests and tested hypotheses. It was designed
by the authors of this study

6.2 Testing NH_1

An independent sample test was used to analyze the data for both the
experimental and control groups in the pre-test at a level of significance a =
0.05. The fifty students in the experimental and control groups participated in
the pre-test. From Table 4, it is revealed that the experimental group of twenty-
five students had a mean score of 6.96 with a standard deviation of 2.12093. The
control group of twenty-five students had a mean score of 6.74 with a standard
deviation of 1.8491.

Table 4: Pre-test analysis of the differences in the physics scores between the
experimental group and control group using the t-test for independent samples

Group Test N Mean Std. Dev. Std. Error
Mean
Experimental | Pre-test 25 6.960 2.12093 0.42419
Control Pre-test 25 6.740 1.84910 0.36982
Levene's test. for equality of t-test for equality of means
variances
95% Confidence
Variance F Sig. | df Std. Error t- P- Inte.rval of the
Difference | statistic | value Difference
Lower | Upper
Equal
variance 48 0.56276 0.391 0.698 | -0.09115 | 1.3515
assumed 037 | 0.54
Equal
variances not 471 0.56276 0.391 0.698 | -0.09120 | 1.3520
assumed
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It is known that Levene's test for equality of variances determines if the two
groups have about the same or different amounts of variability between scores
in the pre-test. As shown in Table 4, Sig. > 0.05 (= 0.54). This value, greater than
0.05, means that the experimental and control groups had the same amount of
variability between scores in the pre-test and the resulted calculation used
pooled variances. Hence, the t-statistic is 0.391 with 48 degrees of freedom. The
P-value is 0.698, which is greater than 0.05.

Accordingly, the NH_1 cannot be rejected; thus, it is inferred that there is no
statistically significant difference between the mean pre-test scores achievement
in physics for the experimental and control groups. These results indicate that
the two groups were similar in level with regard to their learning competency
before conducting the study. A quasi-experimental method was applied by the
educator (first author). The experimental group was exposed to the Jigsaw
cooperative technique. In contrast, the control group was exposed to a well-
designed sequence of traditional lectures and was not engaged in the
cooperative learning activity. The sequences of the Jigsaw activity and the
traditional lectures were developed over the course of five classroom sessions as
illustrated in Tables 1 and 2.

6.4 Testing NH_2 and NH_3

A paired sample t-test was used to compare the mean scores of the control group
students in the pre-test and post-test. From Table 5, the value of the t-statistic is
6.726 with 24 degrees of freedom, and the P-value is 0.000, which is much
smaller than 0.05. Consequently, NH_2 is rejected; thus, it is inferred that there is
a significant improvement in the performance of students who were taught
through the well-structured traditional teaching technique. Similar analysis was
done to compare the mean scores of the experimental group students in the pre-
test and post-test; it was found that the t-statistic is 5.081 with 24 degrees of
freedom, and the P-value is 0.000 as indicated in Table 6. NH_3 is rejected; thus,
it can be concluded that there was a significant improvement of the performance
of students who were taught with the Jigsaw cooperative learning technique.

Table 5: Comparison of the mean scores of the control group students using a paired
samples t-test

Paired Sample Statistics / Control Group
Group Test N Mean Std. Dev. Std. Error
Mean
Control Post-test 25 8.0440 1.29037 0.25807
Control Pre-test 25 6.7400 1.84910 0.36982
Paired Sample t-test Results / Control Group
0 .
Std. t P- 95% Confidence
Test Mean . .- Interval of the
Dev. | statistic | df | value .
Difference
Post-test_Control Upper | Lower
Pre-test_Control 13040 1 0.9693 6.726 24 | 0.000 0.90389 | 1.7041
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Table 6: Comparison of the mean scores of the experimental group students using a
paired samples t-test

Paired Sample Statistics / Control Group
Group Test N Mean Std. Dev. Std. Error
Mean
Experimental Post-test 25 9.060 0.60069 0.12014
Experimental Pre-test 25 6.960 2.12093 0.42419
Paired Sample t-test Results / Control Group
0 .
Std. i P- 95% Confidence
Test Mean . Interval of the
Dev. | statistic | df | value .
Difference
Post-test_Exp. Lower | Upper
Pre-test_Exp. 2.1000 2.066 5081 24 | 0000 1.24695 | 2.95305

The results of the paired sample t-tests were used to determine the effect size by
calculating Cohen’s d (Sawilowsky, 2009). It is based on the following
interpretation for Cohen’s d: 0.2 (small effect size), 0.5 (medium effect size) and
0.8 (large effect size). Since we are dealing with small sample sizes in this study,
we applied the corrected Cohen’s d formula (Lakens, 2013):

- () [ 0
(SD12+SD,?/2) '
where Mg , M¢, SD;, and SD, are the mean of the experimental group, the mean
of the control group, the standard deviation of the experimental group and the
standard deviation of the control group, respectively.
The average normalized gain was introduced by Hake (1998) as a measure of the

effectiveness of a course in promoting conceptual understanding. He defined the
average normalized gain as:

<Post—Test>—<Pre—Test>

< g >= 10—<Pre—Test> (2)

where brackets indicate class average scores out of 10. This measure is generally
described as the amount students learned divided by the amount they could
have learned. The average normalized gain was used to determine the
assessment of the students in terms of their scores using the following
interpretation: 0-30 % (Low Gain), 31% -70% (Medium Gain) and 71% -100%
(High Gain).

Table 7: Effect size calculation from the paired sample t-test output, and the average
normalized gain

Students’ scores | N | Mean | Std. Dev. | t-statistic | Cohen’sd Nor.m alized
Gain<g>

Post-test_Exp. 9.0600

Pre-test_Exp. 25 759600 | 200660 5.081 1.016 0.69

Post-test_Control 8.0440

Pre-test_Control 2 6.7400 0.96931 6.726 1.345 0.40
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As shown in Table 7, the effect size was large (Cohen’s d > 0.8) for both groups
indicating an improvement in the students’ achievement for both the
experimental and control groups, namely 1.016 for the experimental group and
1.345 for the control group. The interpretation of these results is in the line with
the study of Abdul Hadi (2014) who concluded that learning physics requires
following the textbook and the information delivered by the educator in the
class to gain conceptual knowledge, which enables them to assess and analyze
real-world physics problems that promote their thinking to higher levels. Thus,
the control group students still need to learn through the traditional lectures that
are structured using the arrangement of the R-to-GTMs. It is worth mentioning
that the difference in the normalized gain between the experimental and the
control group strongly differentiates between the learning techniques, allowing
the educator (first author) to compare his students' learning to those of other
students (Hake, 1998). However, the normalized gain was significantly higher
for the experimental group which gained 0.69 (69%), than for the control group,
which gained 0.40 (40%). Based on this finding, it can be concluded that effective
group work, such as that enabled by the Jigsaw technique, can enhance the
positive attitude and performance of students in learning medical physics
concepts. This conclusion is supported by the study of Gamabri and Yusuf
(2014) who reported that students demonstrated better performance when
taught through cooperative learning than the traditional method of teaching.
Furthermore, the study of Yemi and Azid (2018) revealed that the Jigsaw
technique contributed effectively to improving students” achievement, fostering
their interest in learning, and enhancing their communication skills.

6.5 Testing the NH_4

The independent sample t-test was applied one more time to analyze the data
for both the experimental and control groups in the post-test at a level of
significance a = 0.05. From Table 8, it can be concluded that the experimental
group had a mean score of 9.060 with a standard deviation of 0.60069, and the
control group had a mean score of 8.044 with a standard deviation of 1.29037.

Table 8: Post-test analysis of differences in the physics scores between the
experimental group and control group using t-test for independent samples

Group Test N Mean Std. Dev. Std. Error
Mean
Experimental Post-test 25 9.060 0.60069 0.12014
Control Post-test 25 8.044 1.29037 0.25807
Levene's test‘ for equality of t-test for equality of means
variances
95% Confidence
Variance F Sig. df Std. Error t- P- Inte.rval of the
Difference | statistic | value Difference
Lower | Upper
Equal variance 48 | 0.28467 3569 | 0.001 | 0.4436 | 1.5883
assumed
Equal 9.34 | 0.004
variances not 339 0.28467 3.569 0.001 0.4374 | 1.5945
assumed
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As shown in Table 8, Levene's test gives Sig. < 0.05 (= 0.004), revealing that the
experimental and control groups do not have the same amount of variability
between scores in the post-test, and the calculation utilizes un-pooled variances
and a correction to the degrees of freedom. Hence, the t-statistic is 3.569 with
33.9 degrees of freedom. The P-value is 0.001, which is smaller than 0.05.
Consequently, NH_4 is rejected, leading us to conclude that there is a
statistically significant difference between the mean post-test scores in physics
for the experimental and control groups. The output of the independent sample
t-test was used to calculate the effect size. The calculations are given in Table 9.
The results demonstrate a small effect size for the pre-test scores (Cohen’s d =
0.1108) and a large effect size for the post-test scores (Cohen’s d = 0.9931) for the
experimental and control groups. Thus, we can conclude that the students were
performing equally in the pre-test while students in the experimental group
performed better than those in the control group in the post-test. On that
account, the experimental group performed significantly better than the control
group on the post-test. Consequently, the answer to research question is “Yes.
The application of the Jigsaw cooperative learning technique is effective in
improving first-year medical students” academic achievement in physics.”

Table 9: Calculating effect size (Cohen’s d) from independent sample t-test output

Students’ scores N Mean Std. Deviation Cohen’s d
Pre-test_Experimental 25 6.960 2.12093 01108
Pre-test_Control 25 6.740 1.84910 ’
Post-test_Experimental 25 9.060 0.60069 0.9931
Post-test_Control 25 8.044 1.29037 ’

Our findings are in the line with previous studies. Aydin & Biyikli (2017)
highlighted that the superiority of the Jigsaw technique lies in enhancing the
students’ learning experience, provoking their interest in studying physics, and
producing a healthy atmosphere of collaboration between the students and the
educator. Shahri et al. (2017) stated that time constraints represent one of the
challenges of using the Jigsaw technique. Since implementing Jigsaw activities in
a class can be time-consuming, proper time management by the educator is
essential. Rahul and Abdul Sattar (2016) recommended that a didactic lecture-
based learning technique ought to be replaced by a cooperative learning
technique such as Jigsaw to encourage learning among medical students. Abd El
Aliem et al. (2019) concluded that Jigsaw is an unconventional technique that
enhanced the achivenment of nursing students, and it can be widely
implmented in nursing education to promote the nursing students’ skills.
Furthermore, the findings of numerous educational studies support the present
study in concluding that Jigsaw cooperative learning has a significant positive
effect on students’ academic achievement (Maija, 2012; Martinez et al., 2012;
Mustafa & Talat, 2013; Isiaka & Mudasiru, 2016; Bharti et al., 2017; Kumar et al.,
2017; Pelobillo, 2018; Amiruddin et al., 2019; Ephraim et al., 2019).

7. Conclusion

The pedagogical studies have fundamentally proven that cooperative learning
activities promote the students’ thinking skills to higher levels and encourage
them to put the facts together in novel ways. The result of this study supports
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the findings of the previous studies and emphasizes the effectiveness of using
the Jigsaw cooperative learning technique in promoting first-year medical
students” academic achievement in physics. A quasi-experimental approach with
a pretest-posttest design was employed to conduct the study. The experimental
group was exposed to the Jigsaw cooperative technique. In contrast, the control
group was exposed to a well-designed sequence of traditional lectures and was
not engaged in the cooperative learning activity. The effect size was large for
experimental and control groups indicating an improvement in the students’
achievement for both the experimental and control groups. However, the
normalized gain was significantly higher for experimental group than that for
control group. The experimental group students had the opportunity to organize
their thoughts and debate their opinions, by working in small groups towards
the common goal: Mapping the concept of nuclear radiation in diagnosis and
therapy. In conclusion, the Jigsaw activity increased the students’ engagement
level and allowed them to analyze and assess the validity of facts, generate ideas
in terms of how the concepts for the studied topic can be mapped and applied to
biomedical cases. Furthermore, it motivated the first-year medical students to
make progress in terms of organizing and understanding new information in
physics and enabled them to keep up with their cognitive development. The
jigsaw activity required sufficient time to be prepared and implemented;
nonetheless, it strengthened the social relationships among the students in both
the Jigsaw groups and the expert groups.

8. Limitations

Since Jigsaw is a time-consuming cooperative learning technique, two expert
groups in this study couldn’t complete their assigned concept maps within the
assigned time. It is highly recommended that thoughtful educators in medical
physics pay extra attention to the time needed to implement Jigsaw activities
successfully and appropriately. Sufficient time enables the educator to
significantly guide all Jigsaw group dynamics and support the tasks, which are
the responsibility of each individual group member.

9. Recommendations for Future Research

Future studies have been proposed by the authors of this study.

e A follow-up study could be conducted to take the feedback of the students,
the experimental group of the present study, about the use of concept
mapping tool in learning advanced medical topics in their study fields. The
study could answer the following question: “Is the application of concept
mapping functional in analyzing advanced medical cases?”

e A well-structured online model could be developed, especially during the
Covid-19 pandemic, to study the effect of using the Jigsaw technique on
students” perception of a multidisciplinary topic: the action-potential of a
nerve cell. Particularly, seeking for an answer to the question: “does
teaching a multidisciplinary topic require using innovative active learning
method?”.

e Attempts to shed light on the effectiveness of the Jigsaw II technique on
students” achievement in medical physics could be crystalized into assessing
and analyzing biomedical cases on the viscosity of blood. Specifically, going
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for an answer to the question: “does well-organized classroom activity make
students depend on each other to comprehend an advanced medical physics
topic?”.
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