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Abstract

The purpose of this study is to show how use of computer animations in
teaching is an effective way of revealing the misconceptions of students about
the basic concepts in Biology. Two sample schools—multipurpose urban
model and residential rural school—were selected for the study. Students of
Class XI of age group 16-18 years (N = 80) participated in this study. A two-
stage experiment in the form of drawing sessions—before and after formal
technical teaching was conducted following an open-ended interview to explore

students’ basic understanding and cause of misconceptions about neural
conduction. During each drawing session, the children were asked to draw
the annotated diagrams and graphical representations of the processes taught
on the basis of their own observation and understanding. The drawings and
graphs were analysed and categorised based on five levels of the drawing
criteria given by Kése (2008). The connections they draw and explanations they
give to their drawings depict that they have several misconceptions regarding
the concepts of ‘Neural Control and Coordination’.

INTRODUCTION last several years, conventional
Biology is a unique science which approaches of teaching and learning
requires observation, creativity —of Biology have underestimated the

and detailed description. In the role of drawing and graphing. The
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learning or doing of Biology without
the use of visual representations
limits learners’ comprehension and
analysis. Visual representations are
the only way to make the unseen
seen and the complex simple (Katz,
Barnetz, and Hershkowitz, 2014,
Quillin and Thomas, 2015).

Previous studies have explored the
children’s understanding of ‘Organs
and Organ Systems’ (Carvalho, et al.,
2004; Reiss et al., 2002; Rowlands,
2004) but there were limited efforts
being made to determine the
knowledge construction with the help
of annotated drawings and graphs.
Andersson, Lofgren and Tibell
(2019) clearly stated that there are
considerable gaps in our knowledge
on children’s understanding of the
human body structure and functions
which requires due emphasis to
address their previous knowledge.
Learning of Biology in recent years
is mostly examination oriented,
teacher-centric and passive, wherein
the students are least engaged in the
process. Research studies throughout
the 1980s focused more on eliciting

students’ alternative conceptions
also called preconceptions,
misconceptions and  alternative

frameworks (Djanettea and Fouadb,
2014). But how to diagnose and
challenge the alternative conceptions
of learners in a teaching context still
remains vague. Annotated drawings
and graphical representations are
one of the effective tools to address
the learner’s alternative conceptions
in Biology. Learners often relate
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their drawings with their own
experiences and  understanding
(Dempster and  Stears, 2014;

Oskarsdottir et al., 2011).

The use of computer animations
having annotated drawings and
graphs will scaffold learner’s basic
understanding of the biological
processes and promote active
learning. In addition, it will minimise
the use of valuable classroom time
and requires no extra pedagogical
efforts for teachers (Kararo and
McCartney, 2019). Annotation in
scientific drawings and graphs will
help learners to interpret the complex
processes with detailed information
and develop connecting link among
concepts (Nielsen, 2014).

REVIEW OF RELATED LITERATURE

The human physiology is one of
the most difficult branches of
Biology (Chase, 2014; Sturges and
Maurer, 2013). The challenges of
understanding many physiological
systems, including cardiovascular
system, respiratory and digestive
systems, have been addressed in
many recent studies (Reiss et al.,
2002; Pelaez, 2005; Ormanci and
Oren, 2011). However, little is known
about the learning difficulties, in
neural anatomy and physiology at
introductory level. Students often face
difficulties in interpreting the basic
concepts such as difference between
myelinated and unmyelinated
neuron, action potential generation
across axon, variables of membrane
potential, voltage-time graphs of
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neural signals, the events occurring
during the transmission across the
synapse, etc. (Guy, 2012; Michael,
2002; Silverthorn, 2002; Montagna
et al., 2010). To overcome these
difficulties, some approaches have
been introduced which include
E-learning through MCQ linked
animations (Ruiz et al., 2009; Gookin
et al., 2010; Merrienboer and Sweller,
2010; Guy, 2011), internet based
instructions (Ayres and Paas, 2007;
Cook et al., 2008; Cook, 2009) and
use of annotated drawings and
graphs. Computer animations will
help the learner to create systematic
annotated drawings and graphs
of various physiological processes
in Biology.

IMPORTANCE OF ANNOTATED
DRAWINGS AND GRAPHICAL
REPRESENTATIONS IN LEARNING
BioLogy

Annotation in drawings refers to
a drawing accompanied by some
written notes and labelling often
made with the purpose to provide
detailed description about scientific
process (Georghiades, 2004). It helps
in summarising the large content
of information and develops the
material useful for revision during
examinations. According to Aggarwal
(2001), drawing ensures meaningful
and deep learning in Biology. It helps
learners to look and examine the
details of the biological processes.
Drawing is an excellent way to present
ones’ observations in an appropriate
format. It acts as a medium for

analysis and synthesis and promotes
scientific thinking. At the same time
it provides a record of students’ work
to the teachers. Similar to drawings,
graphs are also most commonly used
to visually illustrate the data (Slutsky,
2014). Graphs may have several parts
depending on their format— a figure
number, a caption, a head note, axes
and scales. Past studies documented
that learners face difficulties with
graphical interpretations such as
in understanding the x- and y-axis,
assigning and illustrating the
relationship between the independent
and dependent variables, etc.
(Picone et al., 2007; Colon-Berlingeri
and Burrowes, 2011). However,
if graphical representations are
frequently practised in the context of
classroom situations, it will promote
analytical reasoning skills among
learners. Graphs can be used to
condense and summarise large data
sets in less space. It is an effective
tool for displaying experimental
findings in the field of Biology (Tairab
and Al-Nagbi, 2004; Wainer, 2013;
Angra and Gardner, 2017).

RoLE oF COMPUTER ANIMATIONS IN
LEARNING BIoLoGY

In science education, the use of visual
representations helps the learner to
see how science works. It contributes
to conceptual understanding and
knowledge  formation (Evagorou
et al., 2015). Previously, the use of
visual representations started in
the form of photographs, diagrams,
tables, charts, etc., and over the
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years, it has evolved with the new
technologies such as advanced
digital images, three dimensional
models, computer animations,
etc. These are effective tools to
support cognitive understanding
in science (Gilbert, 2010; Wu and
Shah, 2004). The use of images
in science textbooks (Dimopoulos
et al., 2003; Bungum, 2008) and in
students’ representations or models
while studying science (Gilbert
et al., 2008; Lehrer and Schauble,
2012) are the initial steps in learning
science. But in the current trend, it is
not enough to facilitate learning. The
complicated processes of life sciences
cannot be clearly demonstrated with
two-dimensional images. The moving
images of the biological processes
through computer animations
provide sequential information about
the events. The use of multimedia
tools reduces the efforts of teachers
in terms of repetitive drawings of the
events of same process. It promotes
fast learning in a limited period
of time.

NEED oF StupY: CHALLENGES FACED
BY STUDENTS AND TEACHERS

Recent studies have revealed that even
after formal teaching and learning of
basic concepts of neural conduction,
students were found not to be able
to explain processes in scientific
language, despite having knowledge
about them. Before beginning the
instruction, students’ misconceptions
are not taken into account by
teachers (Dempsey and Betz, 2001;
Aydin, 2012). Simultaneously, the
transactional methods used by the
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teachers are also not relatable at par
with the student’s misconceptions. The
mode of instruction mostly followed
was textbook oriented (Figurel).
Various research studies have been
conducted to address students’
misconceptions by using interviews,
open ended questions, two-tiered
multiple choice tests, questionnaire
based test, etc. However, there were
limited studies on how animations
including annotated drawings and
graphs are used for instructional
purpose as well as enhancement of
students’ basic understanding.

RATIONALE OF THE STUDY

We Dbelieve that this approach
will facilitate the organisation of
knowledge among students in a
hierarchical manner. It will help in
active construction of knowledge
and provide additional resource for
learning. We have taken two types of
schools intentionally for this study on
the basis of location, i.e., rural and
urban. It also takes into account the
organisational affiliation considering
factors that may affect our approach
and findings, i.e., previous knowledge
of the students, instructional
strategies which are being used by
the teachers in both types of schools,
intelligence level of the students, etc.

OBJECTIVES

The objectives of the study are as

follows:

e To identify the misconceptions
of the students about the topic
‘Neural Conduction’.

e To explore whether the use of
computer animations enhances
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the drawing and graphical skills
of the students.

e To compare the drawing and
graphical skills of the students
of multi-purpose model and
residential rural schools.

RESEARCH QUESTIONS

In this study, we tried to explore the

following research questions:

e What are the ways for improving
students’ annotated drawing and
graphical skills on the topic of
neural conduction?

e What misconceptions do
students perceive before and
after instruction about neural
conduction?

e I[s there any difference in

instructional methods which are
carried out by subject teachers in
both types of schools?

e Js there any difference in the
use of teaching aids in both the
schools?

e Is the traditional teaching method
of schools effective for teaching
topics like neural conduction?

HYPOTHESES

HO1: There will be no significant
difference among the students’
biological drawings and graphs before
instruction and after instruction.
HO2: There will be no significant
difference between the students’
biological drawings and graphs of
Demonstration Multipurpose School
(DMS) and Jawahar Navodaya
Vidyalaya (JNV) based on the
school location.

METHODOLOGIES

Research Design

Quasi-experimental research design
was followed based on single group
pre-test and post-test research model.

Participants

For this study, we have collected the
data from 80 students studying in
Class XI with subject specialisation—
Biology at the Demonstration
Multipurpose School, Bhubaneswar,
from two sections and Jawahar
Navodaya Vidyalaya, Khordha,
from one section. The selection of
students and sections were done
through simple random probability
sampling. The sample was composed
of 56 female and 24 male students
whose mean age was 16-17 years.
40 students were from DMS and 40
were from JNV. All of them had
studied about ‘Life Processes’ and
‘Control and Coordination’ at the
secondary level.

PROCEDURE

We have selected Chapter 21 of
Class XI NCERT Biology textbook,
that is ‘Neural Control and
Coordination’ for the study. The
subtopics which were taught through
computer animations were—
e Neuron as structural and
functional unit of neural system

e Generation and conduction of
nerve impulse

The study was planned in the
months of October and November,
2019, when the teachers of both
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the schools have finished a few
portions of Unit 5: Human Physiology
including Chapter 21, that is Neural
Control and Coordination’ for the
summative assessment. The dates
for the study were fixed with the
help of subject teachers in the free
periods by taking prior permission
from the higher authorities of both
schools. The drawings and graphical
representations of students, collected
from both schools before and after
instruction, were analysed and
categorised based on five levels of
drawings criteria developed by Kose,
(2008):

Level 1: No drawing and graphs
Level 2: Incorrect and non-
representational drawings and graphs
Level 3: Drawings and graphs with
misconceptions

Level 3a: Partially correct drawing
and graphs

Level 3b: Partially incorrect drawing
and graphs

Level 4: Correct and comprehensive
annotated drawings and graphs

Tools used

Computer animations and graphics
interchange formats showing
annotated drawings and graphical
representations of neural conduction
developed by Youtube tutorial
‘Teacher’s Pet and Designmate’ that
was used for the instructional purpose
(Figure 2). Open-ended interview was
also conducted to diagnose the cause
of misconceptions of the students.

Collection of the data

The concerned schools were visited
for data collection and to administer
the test.
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Pre-instruction Phase

In this phase, students were asked
to come prepared with the chapter
‘Human Physiology’ which had
already been taught by their subject
teachers and bring a plain paper and
drawing items. On the other day, they
were asked to draw detailed diagrams
of myelinated and unmyelinated
neuron, impulse conduction through
axon relating it with voltage-time
graph. Time assigned to complete the
task was 30 minutes.

Instruction Phase

On the second day, students were
asked to come to the computer lab
of the school. A five minutes video
showing computer animations on
the structure of neuron, difference
between myelinated and unmyelinated
neurons, saltatory conduction,
generation of action potential along
the axon, voltage-time graph of
oscilloscope, etc., was shown to the
students twice. Each event in the
video was described properly to the
students relating it with the textbook
content. Students were asked to
carefully observe each and every event
of the process and asked to clarify their
doubts whenever they faced difficulty
in understanding any concept.

Post-instruction Phase

In this phase, students were asked to
again draw the diagrams and graphs
of neural conduction by analysing
the information that was provided
in computer animation video. Time
assigned was the same as before.
At the same time, the drawings and
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graphs that they had drawn before DATA ANALYSIS

the instruction were distributed to The results were analysed by using
them. After finishing the task, they percentagedistribution. The calculation
were asked to relate and compare of frequency and percentage and
their drawings and graphs drawn preparation of graphs were done using
before and after instruction. Ms Excel, 2007 version.

Dendrites

Nissl’s Granules

Cell Body

Nucleus

Schwan Cell
Axon

Myelin sheath
Node of Ranvier

Axon terminal

Synaptic knob

Fig. 1: Diagrams given in Class XI Biology NCERT textbook

Fig. 2: A series of stills from the computer animations and graphics interchange formats
showing annotated drawings and graphical representations used during study

Source: https://www.youtube.com/watch?v=FEHNIELPbOs (Teacher’ Pet)
https://www.youtube.com/watch?v=1aSknHTnsYk (Designmate)
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REsULTS
The overall results of the pre-
instructional study revealed that

majority of the students, approximately
68 per cent (more than half) of both
schools were having problem in the
conceptual wunderstanding of the
basic concepts of neural conduction.
This percentage was reduced by 13
per cent after instruction. About
one-seventh of the students had not
drawn any diagrams and graphs
prior to the instruction. However,
after instruction the percentage of
students who had not attempted to
make any drawing became negligible.
About 13 per cent students had

drawn incorrect drawings and
graphs before instruction, this
percentage decreased to only

4 per cent after instruction. Nearly
55 per cent students were having
misconceptions previously, which
got reduced to 51 per cent after
instruction. The partially correct
drawings and graphs were more than
partially incorrect drawings before
instruction. But the results were
reversed after instruction. Only 19
per cent students of both schools had
drawn correct and comprehensive
annotated drawings and graphs
during pre-instructional phase, while
the percentage got increased to 42 per
cent during post-instructional phase
(Figure 3, Plate 1-4). The students
of DMS were found to have more
misconceptions in comparison to JNV
students both at pre-instructional
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(60 per cent) and post-instructional
level (58 per cent) (Figure 6).
The most commonly drawn diagrams
and frequent misconceptions of
students of both schools that were
observed in their drawings are listed
in Table 1-2. We observed that the
students of JNV were having more
clear understanding about the
neural conduction (pre-instruction:
28 per cent and post-instruction:
53 per cent) in comparison to
students of DMS (Figure 4-6, Plate
1-4). There were no significant
differences found in the results based
on gender. The results of the open-
ended interview of students revealed
that the lack of ability to draw correct
and comprehensive diagrams was
due to:

e Lack of interest

towards Biology

of learners

e Lack of observational and creative
skills

e Lack of actual application of
drawings and graphs in real
classroom situations

e Use of textbook drawings and lab
charts for teaching

e Poor monitoring and assessment
of students’ drawings

e Lack of proper use of available
audio-visual aids present in the
school

e LackofICT-integrated instruction
e Traditional approach of teaching

e Unavailability of skilled teachers
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C

Plate 1: Example of Level 2— Incorrect and non-representational drawings and graphs
drawn by students. A. Unmyelinated and Myelinated Neurons B. Diagram of impulse
conduction through axon C. Voltage-time graph of action potential
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D E F

Plate 2: Example of Level 3a and 3b— Drawings and graphs with misconceptions drawn
by students. A—B: Unmyelinated and Myelinated Neurons. C: Diagram of impulse
conduction through axon. D—F: Voltage-time graph of action potential
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E

Plate 3: Example of Level 4—Correct and comprehensive annotated drawings drawn by the
students. A—D: Myelinated Neuron. E: Unmyelinated and Myelinated Neurons
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A
B C
D E

Plate 4: Example of Level 4—Correct and comprehensive annotated graphs drawn by the
students. A: Diagram of impulse conduction through axon. B—E: Voltage-time graph of
action potential
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Table 1

The Most Frequent Components of Neural Conduction
Drawn by Students

S.No. | Elements n %
1. Cell body (soma) 69 86
2. Axon 56 70
3. Dendrites 51 64
4. Axon terminals 37 46
S. Synaptic knobs 29 36
6. Axon hillock 23 29
7. Nissl’s granules 17 21
8. Cell organelles in soma 15 19
9. Schwann cell forming myelin sheath 13 16
10. | Nodes of Ranvier 11 14
11. | Impulse conduction through axon 10 13

Membrane potential difference across different phases of
12. |, . 8 10
impulse conduction
13. | Membrane proteins— ion channels 6 8
14 Different phases of nerve impulse along with voltage time 4 5
" | graph
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Table 2
Analysis of Students’ Misconceptions about Neural Conduction
Misconceptions Pre-instruction | Post-instruction
n % n %

1. | Nissle granules are form of ribosomes in 33 41 17 21
the cell body of neuron

2. | Schwann cells are found in unmyelinated 29 36 11 14
neuron

3. | Saltatory conduction occurs in 24 30 13 16
unmyelinated neuron

4. | The action potential generation is faster in 42 53 9 11
unmyelinated neuron than in myelinated
neuron

S. | Action potential occurs when membrane 35 44 3 4
potential of a specific neuron continuously
rises and falls

6. | The electrical potential difference between 17 21 4 S
outside and inside of a nerve axon remains
uniform throughout the neural conduction

7. | The depolarisation of nerve membrane 8 10 5 6
takes place through influx of K* ions

8. | During repolarisation phase there is rapid 13 16 2 3
influx of K* ions

9. | In repolarisation phase, the outside 11 14 6 8
of axon will become positive and in
hyperpolarisation phase, the outside
becomes negative

10. | Na*-K* ATPases are responsible for action 1 1 0 0
potential generation

DiscussioN followed in real classroom situations.

The current trends in science
education focus on giving more
emphasis to process rather than
content (Eurydice, 2012; Schwartz
et al., 2012; Bybee, 2014; Duschl and
Bybee, 2014; Osborne, 2014) in order
to make science easily accessible
to the learners. Unfortunately in
practical context, these trends are not

We explored in our study that
approximately 68 per cent (more than
half) of students from both schools
face difficulties in understanding the
basic concepts. Although, this was
the result of a single pilot study, but
findings are almost same everywhere.
Drawings in Biology represent one’s
cognitive thinking which forms a part
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of the scientific process (Wasserman,
2013). Katz, P. (2017) described
that drawing along with descriptive
writing provide clarity and can make
learning accessible. Students who
draw providing proper annotation
with text acquire greater knowledge
than those who draw the same
drawing without any description.
Asking questions, developing and
using models, engaging in arguments,
and constructing and communicating
explanations are the key strategies of
effective learning (National Research
Council, 2012). The ability to
draw, label and annotate biological
specimens is one of the important
skills in Biology. Hattie (2003)
mentioned that teachers contribute
30 per cent of variance in the academic
achievement of the students. The
reasons for incorrect drawings and
graphs along with misconceptions
may be attributed to unclear board
diagrams drawn by the teachers
and lack of appropriate instructions.
Most of the teachers in the schools
only follow textbook diagrams for
teaching (Figure 1). Several times, the
textbook diagrams are not updated
according to recent trends, so the
teachers must use supplementary
references of drawings along with the
text. The teachers spend least time
on monitoring students’ drawing
skills and are not aware of how
to improve or properly assess the
students’ drawing. The other reasons
are well stated in the results of open-
ended interview above. The results
of multipurpose urban school clearly
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revealed that majority of the students
have several misconceptions in their
drawings on the topic of physiology
(Table 2). The reasons included the
unavailability = of teachers, no
coverage of the syllabus, lack of any
projectors and white boards in the
classrooms with non-engagement of
computer labs during the periods,
etc. On the other hand, inspite of
remote rural location, the result
of residential school students was
better. Gogoi, Dutta and Soni (2016)
in their study, revealed the similar
results considering the intelligence
level and academic achievement of
JNV students. The students of JNV
from the initial levels are engaged
in creative activities and are trained
to explore and observe more. This
may be one of the reasons that they
have more clear understanding about
the concepts. Other reasons were
attributed to the national entrance
examinations which are conducted
for the JNV students at elementary
level to give learning opportunities
to talented children. The remedial
classes also help the students to clarify
their doubts regarding what was
taught in the class. The substantial
use of audio-visual aids by the
teachers helps students’ involvement
in projects. Also, individual and
specific attention was given to each
student by the concerned teacher
to speed up their learning by
addressing their queries.
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ConcLusIONs

We explored that the use of advance
technologies to develop drawing and
graphical skills improves the pace of
learning among the students. Our
conclusions suggest that teaching in

the previous knowledge of the
students, intelligence level, regular
advance pedagogic practices used
by the teachers, infrastructural
facilities, etc. Therefore, the students
were aware of many concepts and had

Biology should shift from theoretical
approach to the visual cognitive
understanding of the concepts. The
results of both multipurpose and
residential school showed positive
results after integrating computer

fewer misconceptions. The findings of
this investigation may help the school
teachers and curriculum makers to
develop suitable methods of teaching
and innovative instructional designs

animations during  instruction. for learners to promote conceptual
However, the result of residential wunderstanding of various topics
rural school was better considering in Biology.
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