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Abstract
Teachers must try different pedagogical strategies in their classrooms according to the nature 
and need of their learners. The major objective of the study is to assess the effectiveness of 
jigsaw puzzles in learning the transverse sections of a typical dicotyledon (dicot) stem and 
root, based on drawing and labelling skills among Class 8 students. The study adopted a 
single group pretest post-test experimental design with convenience sample of 11 boys and 
14 girl students of Class 8 of a rural school in Tamil Nadu. The result indicated a significant 
positive effect of the jigsaw puzzle method in learning the transverse sections of a typical 
dicot stem and root based on drawing and labelling skills. Boys and girls did not differ 
significantly in their performance before and after the intervention in both the drawing and 
labelling skills. The researcher recommended the adoption of the jigsaw puzzle method in 
learning the concepts of anatomical structures at high and higher secondary level.
Keywords: Jigsaw Puzzles, Teaching Strategy, Plant Anatomy, Transverse Section, Root 
Section, Stem Section
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Introduction
Life would not be possible without plants. 
Many have re-realised the importance of 
plants as a living oxygen factory during the 
COVID-19 pandemic. The plant anatomy is 
the heart of modern Botany (Sokoloff et al., 
2021). Plant anatomy describes the internal 
structure and organisation of the cells, 
tissues and organs of plants in relation to 
their development and function (Crang et al., 
2018). Angiosperms are the recently evolved 
well adapted flowering plants on this planet. 
The number of cotyledons found in the embryo 
is the actual basis for distinguishing the two 
classes of angiosperms, monocotyledon (one 
cotyledon) and dicotyledon (two cotyledons). 
The stem and root anatomical structures 
that is, the transverse section of the typical 
dicot plants were considered for the present 
study.

Probable learning difficulties in 
learning anatomical structures
Students were probably coming across such 
anatomical technical terms for the first time. 
They might not know the fundamentals 
of such diagrams. The textbook provided 
to the students did not contain the plant 
morphology and the outline of the diagram 
for the concerned anatomical structures. 
Therefore, students would not have realised 
the importance of the diagram and simply 
skipped learning them. The teacher also 
would not have emphasised on the minute 
details of the diagram when teaching such 
anatomical concepts and not introduced the 
etymological meaning of the term involved. 
Perhaps the students were not given enough 
time to learn anatomy, which made them 
blank or confused while drawing and 
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 Biology teachers should choose suitable 
equipment for the course, subject, students’ 
level, setting and objectives. They should 
also be able to develop teaching materials 
in line with learning outcomes (Sayan & 
Mertoğlu, 2020). Teaching aids like charts, 
objects, models and specimens (Heiss, 1938), 
3D models (Bryce et al., 2016), and digital 
3D models can be used to allow learners to 
interact and visually examine the spatial 
structure, composition and arrangement of 
objects (Siiman et al., 2014). YouTube videos 
play a significant role in motivating and 
engaging students in the learning process, 
especially with the low-performing students 
(Cherif et al., 2014). The students’ worksheet 
developed was feasible and able to empower 
the students’ science process skills (Rahayu 
et al., 2018; Patresia et al., 2020). The 
teachers insist on students to draw those 
anatomical structures in the observation 
record note (Dempsey & Betz, 2001). Quizzes 
and assignments also play a vital role in 
leaning anatomical structures.
 Students under multimedia aided 
instructions had better outcome than their 
colleagues in traditional teaching method 
(Kareem, 2018). The smart class/ interactive 
white board class has a positive impact on 
learning environment as it has enhanced 
the learning process (Choudhuri & Husain, 
2017). There was a significant difference 
among the students’ academic performance 
in the conventional and smart classroom. 
In addition, the use of smart classroom has 
greatly improved students’ performance 
(Phoong et al., 2019). The smart board use 
in biology classes allows understanding of 
subjects more easily and rapidly, avoiding 
time consumption and increasing students’ 
motivation and interest via visual elements 
(Yapici & Karakoyun, 2016). Other computer-
based technique (Wang et al., 2020) and 
distance-based learning setting for learning 
biology (Hallyburton & Lunsford, 2013) 
can also be useful in learning anatomical 
structures. The use of the jigsaw as 
instructional strategy enhances students’ 
achievement (Tabiolo & Rogayan, 2019). 

labelling. The conventions used in a diagram 
also affected diagram comprehension, and 
results show students had most difficulty 
comprehending diagrams (Kottmeyer et al., 
2020). Biology students found it difficult 
to interpret, understand, and generate 
visualisations of the presented plants’ 
photographs, indicating that their visual 
literacy in plant anatomy was insufficient. 
The primary reason for students’ insufficient 
visual literacy was lack of conceptual 
understanding that resulted in their inability 
to apply and integrate knowledge (Susiyawati 
& Treagust, 2021). 

Common teaching practices used 
in learning Biology
Consideration of the botanical content 
taught is less critical than the methods 
used to teach that content (Uno, 2009). 
The cognitive abilities of biology prospective 
teachers in plant anatomy must have 
knowledge of using the framework of revised 
bloom taxonomy (Setiono et al., 2017). 
There are some common teaching-learning 
approaches in anatomical structures. These 
may be classified into direct teaching in 
theory classes, practical classes in the 
laboratory, using teaching aids, self-learning 
approaches, indirect approaches, etc. One of 
the easiest ways is to draw the anatomical 
structures on the black/ white board with 
oral descriptions and may or may not draw 
coloured variations. Another common way 
is to teach them in the biology laboratory 
with the help of dissections of specific 
parts through microscopes, which may be 
readymade or freshly prepared mounts. The 
students section plant material and prepare 
specimens to view under a bright field 
microscope. Using a camera or cell phone, 
images of microscope slide contents allow 
students to label plant parts and engage in 
discussions with peers (Koehler et al., 2020). 
Moreover, such practicals can be done with 
the help of USB digital microscope connected 
with laptops (Dickerson et al., 2007).
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This jigsaw puzzle applied to mathematics 
increases achievement scores (Bubikova-
Moan & Opheim, 2020). Jigsaw cooperative 
learning improves biology lab courses (Colosi 
& Zales, 1998). The jigsaw puzzles facilitated 
active learning, enhanced problem-solving 
skills, and encouraged group discussions 
(Rodenbaugh et al., 2015).

Jigsaw puzzle 
The investigator applied the jigsaw puzzle 
method to learn the anatomy of plants 
especially in learning and remembering 
transverse sections of dicot stem and roots 
of longer duration. Preparing coloured 
enlarged anatomical structures on thick 
charts, then cutting these structures into 
small parts possibly separating each cell, 
are referred to as the parts of a jigsaw 
puzzle. Arranging, assembling or recreating 
the anatomical structures drawn on the 
charts is the solution to the jigsaw puzzles 
in a gaming manner. Jigsaw puzzles will be 
useful in learning internal structure without 
dissecting or destroying plants or plant 
parts. The investigator strongly believes that 
it is one of the safest methods in learning 
anatomy besides handing blades, needles, 
glass items and microscope, etc. The concept 
of transverse sections of typical dicot stem 
and root was presented in pages 181-183 of 
Chapter 3 Class 8, Term 1, Tamil medium 
Science textbook of the Tamil Nadu State 
Board and that was considered for the 
intervention of the jigsaw puzzle method.

Objectives of the study
 1. To introduce and implement jigsaw 

puzzle method to students of Class 
8 of Panchayat Union Middle School, 
Ammangudi, Thiruvidaimarudur block of 
Thanjavur district in Tamil Nadu.

 2. To find out whether there is a significant 
difference in performance between 
boys and girls, before and after the 

intervention of jigsaw puzzles in learning 
the transverse sections of typical dicot 
stem and root based on drawing and 
labelling skills. 

 3. To assess the effectiveness of the jigsaw 
puzzles in learning the transverse 
sections of typical dicot stem and root 
based on drawing and labelling skills 
among Class 8 students.

Research method and sample of 
the study
The study adopted single group pretest post-
test experimental design with convenience 
sampling of 25 students (11 boys and 14 
girls), the total strength of Class 8 of a rural 
school in Tamil Nadu, India. 

Research tool
A pretest tool was developed, which 
contained two questions in Tamil, for testing 
the drawing skills of transverse section of 
typical dicot stem and root. The investigator 
wrote the questions on the blackboard and 
instructed students to draw in the provided 
A4 blank sheet with 0.7 mm lead refill pencil. 
The rubric for assessing the drawing skills 
comprised of the heading of the diagram, 
diagram proportion, clarity, legibility (neither 
dark nor light) and one-sided accurate 
marking used for labelling, each count for 4 
marks for a total of 20 marks. The stem and 
root diagrams were given without labelling 
for testing the labelling skills of the students. 
The scoring of the labelling skills contained 
19 fill in the blanks questions with 1 mark 
each and 1 mark was allotted for neat 
handwriting resulting in a total of 20 marks. 
The same tools were used for post-test to find 
the effectiveness of the intervention given to 
the students. Pretest samples are shown in 
Figure 1.
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a b c
Figure 1. Pretest samples: a. transverse section of stem; b. transverse section of root; and c. labelling skill

Intervention
The investigator discussed the fundamentals 
in anatomy of plants along with the rubric 
and scoring of the tools after pretest. Six 
mixed gender groups of four each were 
formed. The last one had five members 
for collaborative learning. Students were 
instructed to draw the enlarged coloured 
transverse sections of typical dicot stem and 
root on the provided thick charts without 
labelling and heading with the help of the 
prescribed textbook. It took about an hour 
to complete this drawing task. The students 
were asked to cut the charts into pieces in 
such a way that each small portion possibly 
signified a single cell. These pieces were put 
into a small box carefully without misplacing 
any small piece. Six small jigsaw puzzle 
boxes of three each for stem and roots were 
obtained as shown in Figure 2. All six groups 

were instructed to assemble the small pieces 
to form the complete transverse section as it 
was in the chart before being cut into small 
pieces as shown in Figure 3.
 These jigsaw puzzles were interchanged 
group wise in such a way that the groups 
that prepared the stem puzzle would get the 
root puzzle prepared by the other team. The 
students were encouraged individually also 
to solve the jigsaw puzzles. The investigator 
instructed students to learn the naming of 
various parts while solving these puzzles. 
The investigator and science teacher of the 
school observed that the students were 
really active in creating and solving jigsaw 
puzzles. Such tasks definitely increased 
their interest, cooperation, self-confidence 
through a gaming environment. The next 
day, a post-test was conducted and the 
samples as shown in Figure 4 were shown.    

a b
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c d

e f

g h
Figure 2. Steps in creating jigsaw puzzles: a. drawing transverse stem structure; b. drawing transverse root structure; c. 

complete transverse section of stem drawn; d. complete transverse section of root drawn; e & f. cutting the transverse section 
into small pieces; g. jigsaw puzzle box for stem; and h. jigsaw puzzle box for root
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a b

c d
Figure 3. Solving jigsaw puzzles: a. assembling the dicot stem pieces; b. assembling the dicot root pieces; c. solved stem jigsaw 

puzzle; and d. solved root jigsaw puzzle
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           a

c
 Figure 4. Post-test samples: a. transverse section of stem; b. transverse section of root; and c. labelling skill



Vo
ic

es
 o

f 
Te

ac
he

rs
 a

nd
 T

ea
ch

er
 E

du
ca

to
rs

Voices of Teachers and Teacher Educators144

Results and discussions
The pretest and post-test scores of drawing 
and labelling skills were evaluated, tabulated 

and applied for further descriptive and 
differential analysis. 

Table 1. Descriptive and differential analysis of boys and girls in the pretest and post-test scores for 
drawing and labelling skill

Variable Boys Girls t - value df
M SD M SD

Pretest drawing skill
3.45
1.293

4.29 1.326 1.577 23

Posttest drawing skill 13.45 2.979 14.57 1.989 1.070 23
Pretest labelling skill 0.55 1.809 0.71 1.858 0.229 23
Posttest labelling skill 15.00 3.924 16.93 1.730 1.653 23

 Boys and girls did not differ significantly 
in their performance before and after the  

jigsaw puzzle intervention on both drawing 
and labelling skills (Chukwu & Arokoyu, 
2019) as shown in Table 1.

Table 2. Descriptive and differential analysis of pretest and post-test scores for drawing and labelling 
skill of total sample

Variable Pretest Post-test Mean gain r value t - value df
M SD M SD

Drawing skill 3.92 1.352 14.08 2.482 10.16 0.549** 24.479** 24
Labelling skill 0.64 1.800 16.08 2.999 15.44 0.253 25.038** 24

Note: ** indicate significance at 0.01 level

 The t-value for the scores on pretest 
and post-test drawing skill for total sample 
was determined to be 24.479, which is 
significant at 0.01 level. The mean gain 
between pretest and post-test scores for 
drawing skill of total sample estimated to 
be 10.16 indicates positive effect of jigsaw 
puzzle method. Similarly the t-value for the 
scores on pretest and post-test labelling 
skill for total sample was determined to be 
25.038, which is significant at 0.01 level. 
The mean gain between pretest and post-
test scores for labelling skill of total sample 
estimated to be 15.44 indicates positive 
effect of intervention. Moreover, there exists 
a moderate positive significant relationship 
between the scores on pretest and post-test 
drawing skill for the total sample, whereas 
there was no relationship found in labelling 
skill as given in Table 2. 

 The results indicate that the jigsaw puzzle 
method was effective by improving the 
student’s drawing and labelling skills and 
in turn the academic scores (Renganathan, 
2020). Students taught with the jigsaw strategy 
achieved greater improvement in their mean 
scores than those taught with the conventional 
lecture method (Ojekwu & Ogunleye, 2020). 
There was a significant higher achievement 
rate among students taught using the jigsaw 
co-operative teaching/learning strategy and 
increasing attitudes and values of learners 
towards study in biology (Juweto, 2015). The 
results of the study showed that the jigsaw 
puzzle was an effective instructional strategy 
for the enhancement of students’ academic 
performance in biology (Chukwu & Dike, 
2019). The jigsaw approach had a direct effect 
on the academic effort (Abbasi et al., 2019).
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Educational implications and 
recommendations
One of the safest ways of teaching anatomy 
is without the usage of blades, needles and 
glass items such as watch glass, glass slide 
and cover slips. The jigsaw puzzles created 
can be reused for other students of higher 
classes. The students without doubt can, 
for years, remember the study as it creates 
a gaming environment to learn faster 
(Zirawaga et al., 2017) and also to learn by 
having fun (Rodenbaugh et al., 2015). Jigsaw 
puzzles give opportunities to students to 
create their own jigsaw puzzles for better 
learning. The students will be able to easily 
crack any competitive exam regarding 
anatomical concepts. Self-rectification and 
self-improvement can be done through 
this method of learning and that too with 
ease in case of late bloomers. Pair or group 
work helps children to work in a team, 
communicate and collaborate. Moreover, 
students work in small peer groups, which is 
one of the better ways to teach science (Webb 
& Palincsar, 1996). The students prepared 
only two types of jigsaw puzzles. Similar 
puzzles can be prepared for other classes 

based on their conceptual need. These boxes 
can be prepared and kept safe in the library 
and can be issued for reference as reference 
books. 3D jigsaw puzzles can be prepared 
when the conceptual depiction is insufficient 
in 2D. The researcher recommended the 
adoption of the teaching method by using the 
jigsaw strategy in teaching science because 
of its effect on the acquisition of scientific 
concepts (Hamadneh, 2017). The study 
recommended that teachers should adopt 
the jigsaw learning strategy in classroom 
practice especially in learning anatomical 
concepts.

Conclusion
The effect of jigsaw method worked very 
well for the students of Class 8, but the 
real effect of this method can be detected 
in the higher secondary classes where more 
complex anatomical structures need to be 
remembered with accurate labelling. The 
success of any pedagogical-based research 
lies in field implementation or in the hands 
of teachers to take this method to students 
in need. 
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