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ABSTRACT This paper analyzed the effect of jigsaw method on prospective elementary science teachers’
chemistry laboratory achievement. The sample consisted of (n=63) students who were studying at elementary
science education program. Students were divided into two groups using the true experimental design. Universe of
the research of the research consists of all the students studying at the same program. A pre-test whose reliability
score was 0.689 and a post-test whose reliability is 0.720 were given to students to assess students’ academic and
whose reliability score was 0.720 were given to students to assess students’ academic and experimental knowledge.
Students in the groups took two quizzes each week, one before the experiment and another after the experiment.
The research was completed in seven weeks. Data analysis was carried out through independent samples t-test
analysis. Further analyses were carried out to investigate gender factor in the paper. Research revealed that jigsaw
method increases students’ academic achievement. The research also revealed that gender has no effect on
academic achievement.

INTRODUCTION

Education is shaped with respect to the de-
mands of the changing world; a knowledge-
based economy has shaped educational ap-
proaches, pedagogy and curriculum. Individu-
als and societies are being shaped spontane-
ously with respect to changing demands. Coun-
tries are beginning to start educational reforms
to reach or keep pace with increasing knowledge
(Tang et al. 2012; Dogan et al. 2015). This could
be achieved through education by raising the
individuals who have analytical thinking strate-
gies. In this aspect, it is important that the indi-
viduals in the society have science literacy, un-
derstanding of science and ability of using sci-
entific process. Active learning is one of the
methods which can be used to reach the desired
goals (Gardner and Belland 2012). Active learn-
ing may trigger the situational interest of stu-
dents in topics; thus, this may help students to
understand conceptual facts (by using deeper
processing strategies). Cooperative learning
methods are also one of the active learning meth-
ods and it is based on simple psychological
needs for competence which promotes learning
(Rotgans and Schmidt 2011; Uyanik 2016). Ac-
tive learning is a good way to facilitate learning
because it enhances thinking strategies which
in fact develops cognitive skills of students

(Buckley et al. 2011; Byrd 2012). However, to
improve the students’ thinking strategies, it is
also necessary to ask them appropriate ques-
tions. This means teachers should also be pre-
pared for unexpected questions and answers
from students. Moreover, it is also important to
give students hands-on activities or homework
since it is an essential tool of visualizing the
lecture topics for the students (Shieh et al. 2010).
Studies point out that students, when become
teachers, tend to teach in the way they learned
through their education life. This means peda-
gogy or core concepts taught at school about
teaching and information is not embraced by
the future teachers but instead they tend to act
with respect to facts based on their experienc-
es. In that case, it is important to give informa-
tion to students (future teachers) in a construc-
tivist approach which may help the students to
experience meaningful learning, and help their
future students to achieve better meaningful
learning (Tang et al. 2012). Jigsaw technique is
one of the active learning techniques used for
educational purposes. This technique relies on
sharing materials, purpose and time between
students within a group. By doing this, it is as-
sumed that students will benefit from each oth-
er, socialize, gain responsibility and regulate
their learning (Doymus 2007; Yoonkyung and
Yongseob 2015). Bonestroo and Jong (2012)
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pointed out that self-learning activities are one
of the key factors increasing students’ critical
thinking levels. However, it is also important to
incorporate proper planning into learning activ-
ities since studies also indicated that planning
has the biggest effect among the factors affect-
ing students’ achievement. Cetin and Akkus
(2016) also implied similar points of view. In their
paper, they implemented jigsaw technique in the
chemistry laboratory and they argued that if
course content is not related with proper as-
sessment then positive learning outcomes would
not be achieved. Implementing cooperative
learning in the right way not only increases aca-
demic success but also have positive effects on
long term retention of knowledge (Dat 2016).
Warfa (2016) in his paper showed that there is a
positive relationship between cooperative learn-
ing and chemistry achievement.  Similar find-
ings were reached by Joel et al. (2016), pointing
out that cooperative learning groups have bet-
ter academic achievement than traditional
groups and these findings are statistically sig-
nificant. Yoruk (2016) used Jigsaw technique in
Chemistry laboratory, and pointed out in his
paper that using Jigsaw technique in chemistry
laboratory increases students’ awareness to-
wards chemistry, chemistry laboratory, and their
surroundings along with increasing positive
social skills.

Objective

The purpose of this paper is to determine
the effect of Jigsaw technique on prospective
elementary science teachers’academic achieve-
ment for chemistry laboratory course.

MATERIAL  AND  METHODS

Research Design and Sample

The study population consisted of all the
students studying Elementary Science Educa-
tion. Of these, 63 were chosen; hence, the study
sample consisted of 63 students studying Ele-
mentary Science Education in their first grades.
The study was implemented using true experi-
mental design. Students studying chemistry lab-
oratory course were given a pre-test to deter-
mine students’ academic knowledge level. Reli-
ability analysis of pre-test was conducted using
Cronbach Alpha’s reliability and questions

which scored below the expectation of the reli-
ability test were exempted. Pre-test consisted of
20 questions and Cronbach’s Alpha of reliabili-
ty for pre-test was determined as 0.689.After
obtaining the required data related with stu-
dents’ academic level, students were divided into
two groups through the s-shaped distribution
method. By this method, it was ensured that both
groups were at equal levels of academic knowl-
edge. Consequently, one of the groups was ran-
domly selected as the experimental (Jigsaw) class
while the other group was selected as the con-
trol (traditional) class. For internal validity, the
same instructor worked with both groups. Six
experimental (E) topics were selected for the lab-
oratory course and both groups did the same
experiments. Experiment topics are shown in Ta-
ble 2. The only difference between the two class-
es is their study method. The control class con-
ducted the experiments with respect to the tradi-
tional laboratory instruction as advised by the
curriculum while the experiment class conducted
the experiments using the jigsaw method.

Jigsaw Appliance in the Laboratory

Students in the experiment class were in-
formed about the jigsaw technique and then ran-
domly divided into five groups.  Each group
consisted of five or six students. Each group
was named alphabetically (Group A, Group B,
Group C, Group D and Group E) and students in
the groups were tagged with respect to their
group name. For example, first student in group
A was tagged as A1, and last student was tagged
A5. This step was applied for all the class. All
students in each of the classes were informed
that they will take two quizzes, before and after
the experiment.

First Phase: After creating groups; each
third tagged student in each group was selected
as the group leader who would be responsible
of regulating the group work. Later, students
with the same numbers came together and creat-
ed a different group which was named the spe-
cialized groups. Each specialized group studied
only one specific experiment in one week. Stu-
dents studied both the theoretical and experi-
mental elements of experiments and prepared
questions related to the experiment, and then
they passed into second phase.

Second Phase: Students carried out the ex-
periments and outlined problems or obstacles
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they encountered during experiments. Those
obstacles might be related to carrying out the
experiments or understanding the experiments.
Studying experiment both theoretically and ex-
perimentally, each student in the specialized
groups are titled as teacher of the experiment.
Teacher of the experiments were asked to teach
and carry out the experiments with their original
groups next week.

Third Phase: Each week, an experiment was
carried out by the specialized students (teacher
of the experiment) and specialized students pre-
pared their groups for quizzes. For that purpose,
groups came together before the experiment. The
teacher of the group studied with the whole
group and prepared his/her group for the theo-
retical knowledge (TK) quizzes. TK consisted of
five questions; thus, the maximum number of
points that can be obtained by a student is five
points. After carrying out the experiment, the
teacher of the group prepared his/her group for
the experimental knowledge (EK) quizzes. EK
consisted of five questions; thus, the maximum
number of points that can be obtained by a stu-
dent is five points. The third phase was carried
out by the experimental class for six weeks and
each week, the teacher of the experimental group
studied with his/her group. Every week teacher
of the experiment changed with respect to ex-
periments. Thus each student had the chance to
become teacher of the experiment for one week.
After finishing all the experiments, all the stu-
dents who worked in both classes took the
achievement test (post-test).

RESULTS

Pre-study Data Analysis

To determine the difference between the con-
trol and experiment classes and the effect of gen-
der, t-test for independent groups run.

The data in Table 1 implies that there is no
significant difference between the groups:

Groups’ academic levels are similar to each oth-
er. Experiment group’s mean is lower than Tradi-
tional group mean and that difference is 1.42
points. t-test’s result also shows that this differ-
ence is not significant statistically (p=0.90 > 0.05).
It is also shown that academic levels of gender
are similar to each other as well. Only difference
for gender occurs at their mean value and boys’
mean point is higher than girls’, which is 1.26
point. t-test’s result also shows that this differ-
ence is not significant statistically (p=0.143 >
0.05). That case supports the idea that students’
distribution to groups is random and groups are
homogenous with respect to each other in terms
of academic knowledge. It should be also noted
that after pre-test some students were enrolled
in the course, thus to keep internal consistency
of the paper, the researcher distributed the extra
students randomly to both experiment and con-
trol groups.

Jigsaw Appliance in the Laboratory and
Quiz Test Results

Every week, each student in the groups was
given a quiz before and after experiment. Quiz-
zes done before experiment are related to aca-
demic knowledge of the topics covered in the
experiment. Five questions were asked to as-
sess students’ theoretical knowledge. Quizzes
done after experiments were related to experi-
ment academic knowledge. Five questions were
asked to assess students’ experimental knowl-
edge. By this way, it was aimed to show differ-
ences between the groups in terms of academic
and experimental knowledge. Table 2 shows in-
formation about topics carried out in the labora-
tory. Table 3 shows the weekly quiz data with
respect to experiment topics.

Post-study Data Analysis

After all the experiments were carried out in
the laboratory, an achievement test was pre-

Table 1: Independent t-test for groups and gender

Pre-test  n    X     sd     t        P

Traditional 29 5.52 3.680 1.731 0.90
Experiment 29 4.10 2.410
Boys 22 5.59 3.157 -1.484 0.143
Girls 36 4.33 3.117

Table 2: Experiment topics carried out in chemistry
laboratory

Experiment 1 Properties of matter
Experiment 2 Density of matter
Experiment 3 Melting and freezing point of

matter
Experiment 4 Solubility of matter
Experiment 5 Separating mixtures by using density

and melting of matter
Experiment 6 Separating mixtures by using

solubility of matter
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pared. All the questions asked were related to
experiments done in the laboratory and it aimed
to determine experimental knowledgelevel of the
students related to the experiments done. After
doing reliability analysis through Cronbach’s
Alpha method, questions below the reliability
score were omitted from the achievement test, leav-
ing the test with 30 questions with a reliability val-
ue of 0.720. To determine the difference between
control and experiment group, and effect of gen-
der, t-test for independent groups was run for each
factor and results are shown in tables:

Analyses of data in Table 4 outputs that ex-
periment group’s mean value is 2.39 point above
the control group. t-test results show that this
difference is significant statistically and in favor
of the experiment group (p=0.018 < 0.05). That
result shows that the new method (jigsaw) in-
troduced to classroom has positive impact on
students’ level of understanding related to ex-
periment topics. A further analysis was done to
investigate the gender factor. To determine gen-
der effectiveness on academic success, inde-
pendent t-test was run and result is also shown
in Table 5. It is clear that boys’ academic achieve-
ment test’s mean is higher, 0.64 point than girls;
however, this difference is not significant statis-
tically (p=0.544 > 0.05). To investigate the effect
of gender factor further, statistical tests are run

for the experiment group. A Shapiro-Wilk test
was run for normality and it was found that data
was normally distributed (p =0.064 > 0.05). Thus
an independent t-test was run and results are
shown in Table 5.

Data analyses shown in Table 5 implies that
there is no gender difference in terms of aca-
demic achievement within the experiment group
(p=0.986 > 0.05). In that case, it may be assumed
that new educational method introduced to ed-
ucation environment has nearly the same effect
on both genders.

DISCUSSION

Weekly experiment tables show that experi-
ment group has better theoretical knowledge
when compared to control group (Experiment 1,
3, 4, 5). This implies that experiment group ac-
quired more knowledge on the topics; however,
the method did not work for experiment 2 and 6.
When analyzing the experiment knowledge sta-
tistics, it is clear that experiment group has bet-
ter understanding when compared to control
group for the experiment 1, 2, 5 and 6. However
for experiment 3 and 4, the method did not work
as desired and hence control group has better
experiment understanding and thus knowledge.
That result might be due to questions asked in
quizzes which might not properly assess stu-
dents’ knowledge. Cetin and Akkus (2016) also
implemented Jigsaw technique into the chemis-
try laboratory course and they used weekly quiz-
zes. Yet they did not give any details on quizzes.
However, it is also noteworthy that they empha-
sized the importance of the questions students
are asked. They pointed out that if questions
asked do not correlate with experiment experi-
ences then students would be unable to com-
prehend the relationship between course and
questions asked which eventually result in poor
success or no success at all which are based on
assessment.

For further discussion, pre and post-test
analyses were done. It is clear from Table 1 that

Table 3: Weekly quiz data

      E1                  E2                    E3       E4                    E5                     E6

TK EK TK EK TK EK TK EK TK EK TK EK

Jigsaw 2.23 3.60 1.58 2.77 2.15 3.79 3.80 3.00 1.41 2.62 1.89 3.63
Traditional 1.78 2.81 1.63 2.42 1.97 3.86 3.10 3.39 1.14 2.58 2.07 3.29

Table 4: Independent t-test for groups and gender

Post-test  n    X     sd        t        P

Traditional 31 21.39 4.447 -2.441 0.018
Experiment 32 23.78 3.220
Boys 24 23.00 4.263 -0.611 0.544
Girls 39 22.36 3.910

Table 5: Independent t-test for gender within
experiment group

Post-test  n    X     sd        t        P

Girls 19 23.79 3.190 0.017 0.986
Boys 13 23.77 3.395
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students in both groups have similar academic
knowledge and this case is also valid for gender.
However, post-test results showed that experi-
ment group did better on achievement test and
this difference is significant in terms of statis-
tics. In that case, it is safe to assume that exper-
iment group did better than traditionalon post-
achievement test. Another point shown by Ta-
ble 5 is that group’s success is not based on
gender but on the group’s instruction method
itself. Uyanik (2016) stated that if jigsaw tech-
nique is implemented correctly then it is highly
possible for the students to increase their aca-
demic success. Akcay (2016) also reported sim-
ilar findings in her/his paper: there is no statisti-
cally significant difference for the gender fac-
tor; however, the researcher indicated academic
success in favor of jigsaw implemented group,
and also stated the importance of right imple-
mentation of the jigsaw technique results for
academic success.

CONCLUSION

The paper itself showed that when jigsaw
technique is applied correctly, it has positive
effects on learning, however observing some
lower statistics in terms of weekly experiment
quizzes, it may also be assumed that students
either/both need further guidance from the in-
structor for better learning, or/and questions
asked for assessment should be relevant to stu-
dents’ learning experiences.
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