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Abstract
Recent trends in school education include increasing tendencies to Brahminise education
by emphasizing ‘intellect’ at the expense of the manual work of learning by doing. This
tendency includes a de-emphasis of the art and craft of student drawing in science. It is
becoming rare, especially in elite schools, to find teachers who ask students to draw from
life, or from specimens. If and when students are required to draw, they will most likely be
asked to copy drawings. But copying from drawings limits the extent and nature of their
learning. It turns creative human beings into mechanical robots. Even when drawing from
life has been done, it has not necessarily been done in very inspiring or useful ways.
However, student drawing could be liberated rather than annihilated. In this paper, we will
explore some ways and means of using and making drawings (visual representations) in
the classroom - ways which facilitate liberation rather than conformation. We see drawing
as a type of model making: drawing is making (and simultaneously figuring out how to
make) simplified, 2-d representations of processes in physical reality. Model-making is an
important part of the process of doing science, and we ask how it can be integrated in
interdisciplinary learning. For example, are there instances in which students need to draw
in order to find the answers to questions and solve relevant problems? How can students
learn to draw in order to discover possibilities and means for becoming full participants in
shaping society and changing reality? Also, how can teachers encourage students to
investigate important problems by closely observing, analysing, and critiquing visual
representations?

Learning Objectives
● Question the objectives of drawing in school.
● Think about, design, and try out new ways in which drawing can be integrated with science
teaching.
● Learn new methods of teaching by trying to find ways to encourage students to go beyond
copying when doing art. For example, try drawing from life.
● Question whether drawing involves the same sort of model making that is part of doing
science.
● Question whether or how drawing can help people make the world a better place.
● Practice drawing and observing drawings in order to analyse questions related to the use of
drawing in teaching.
● Design and use drawings as TLMs.
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Introduction: Drawing and doing science both involve investigating physical
reality
Science is based on the material world (physical reality), and is not just concerned with ideas or
thinking. If we see science as a process of asking and seeking answers, rather than just as a list of
‘facts’ or a ‘body of knowledge’, we realise that the process of doing science connects the
interdependent processes of reasoning, observing, hypothesizing, testing, modelling, measuring,
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designing, communicating, requestioning, etc. Thus, science requires interaction between the
mind, the senses of perception, and work with the hands.
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As Eleanor Duckworth says, “In science, the stuff is the authority.” This means that the stuff - the
actual material and processes in physical reality - is both what we study and what we rely upon to
find out if our ideas and beliefs make sense. The real authority is not what the teacher says or what
we read in books. In doing science, and in learning science, we can question any authority. In order
to find answers to our questions, we ultimately rely on physical evidence - direct and indirect
observations of physical reality. Of course, observations of the ‘stuff’ can also be questioned,
verified, falsified, or improved upon - but this is done by making more observations, not just by
reasoning.
In accordance with a constructionist or critical exploratory pedagogy, science can best be learned
by doing science - using both the mind and the hands. The act of drawing is one kind of work with
the hands which students and teachers can do as part of learning and teaching science. We may
make drawings to represent things/processes (physical reality) which we observe, or which we
have observed in the past. Even designs and abstract drawings are influenced by and based upon
colours, shapes, objects, and events that we have observed.
The act of drawing also produces materials (physical objects), which are the drawings (e.g. pencil
marks on paper). Thus, although drawings are also physical objects, they are objects which
represent other objects/events. In order to explore, verify, or falsify our understanding when we do
science, we must ultimately refer to actual objects and events, not just the representations of them.
Nevertheless, drawings and other 2-d representations are useful Teaching Learning Materials
(TLMs) in both natural and social sciences. In addition, the act of students producing drawings is
also useful. There are many kinds of material which we can use in teaching and learning, but here
we will focus on TLMs which are drawings and other 2-dimensional visual representations such as
photographs, paintings, posters, projected slides, and illustrations in books, newspapers, and
magazines.
These TLMs could be commodities produced by publishers or educational supply companies, or
they could be hand-made by teachers. We will discuss how such materials can be used in schools.
But first, we will discuss how students can make their own materials - in particular, drawings. In
this case, the learning lies in the process of making the materials, which can be integrated into a
science class. The drawings which are produced in the process could sometimes also be used as
TLMs after they are made.
In this chapter I will explore how representational drawing can be produced and used and what
students of various ages might learn my making and/or using them. My focus will be on their use
in teaching school science. This chapter is based on my research and experience concerning
drawing, learning, and teaching over the last 45 years (or even 60 years, including the learning by
drawing I did as a child!). Most of the examples I will refer to are from my experience teaching
children in workshops and private and government schools in urban and rural parts of Chandigarh,
Punjab, Haryana, and Madhya Pradesh. Over the years, I have experimented with a wide range of
2

(although the order and number of aspects varies)
Eleanor Duckworth (2012) TEDx talk, tedxpioneervalley.com, accessed 23 March 2014
[http://www.youtube.com/watch?v=1sfgenKusQk]; also see Eleanor Duckworth (2006) The Having of
Wonderful Ideas, Teachers College Press
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teaching methods which integrate drawing in science classes (from pre-school to Class XII), as well
as in more interdisciplinary teaching in and out of school. I have made extensive notes on these
experiences, photographed and collected the students' drawings, and written articles which were
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published in newspapers, magazines, and journals in India .

Students make drawings
The dominant definitions and practices of science education in various sections of the country do
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usually accommodate some activities in which students produce drawings . However, if and when
students draw, they are usually expected merely to copy other drawings from the textbook or from
the board ((Fig 1(a) and Fig 4). This is inline with the traditional pedantic, ‘learn-by-rote’ teaching
method, which is based on a belief that the purpose of education is to teach (or maybe indoctrinate)
students to believe and act according to certain social norms (copying or conforming to the statusquo). It is also inline with the belief that such teaching methods can effectively accomplish this. I
think both beliefs are mistaken. There is an alternative aim of education. Education can encourage
students to question the status quo, critically explore, analyse problems, search for innovative
solutions, and become creative participants in making the world a better place. Drawing can be one
way of doing this.

1(a)

1(b)

Figure 1: (a) The kind of drawing that teachers most often ask students to do is to draw a copy of a drawing from
a book or to copy what the teacher draws on the board. (b) Drawing from life is less common.

In my observations of the drawing that students do in schools, my main impression is that creative
exploration is not being adequately encouraged. The drawings that students produce often look
like copies which are being done merely for the sake of learning to produce copies and for rotememorisation. While I realise that there is considerable worth in learning to make copies, I think
copying has been over-emphasized, especially since this pedagogy often results in producing
students who end up having very little interest in drawing. There are many types of drawing
activities which deserve more emphasis. Here we will focus on one of them: drawing from life.
Students are rarely asked to draw while observing actual things - or to do ‘drawing from life’, as
artists say (Fig 1(b)). ‘Drawing from life’, (drawing from one’s life) in its broadest sense, means
making a representational drawing while looking at the actual thing or event that is being
represented. The thing that is being drawn could be a living person, or some other animal, plant,
or organism. Or the drawing could be a ‘still-life’ (or nature morte - literally, dead nature) made
while looking at some physical objects, such as a vase of flowers, a basket of fruits, rocks, a
preserved animal, a machine, or some apparatus or artefact. Even drawing landscapes or
architecture can be included in the broadest definition of “drawing from life”.

4

Some of my past articles on art, science, and pedagogy are available on my website: www.khaydock.com

5

This is based partly on the work of Asif Akhtar, who worked with me recently to compile and analyse
student drawings in several schools in Mumbai.
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Exercise 1
● Draw a picture of an object which you observe in front of you. Keep looking carefully at the
object as you draw, and try to draw exactly what you see. Pay attention to details as well
as to the overall appearance. Try to avoid erasing.
● Try out the two ways of drawing the same object which are shown in Figure 1. Ask a child
or adult to draw the object you drew by copying your drawing. Then ask them to make
another drawing of the object while looking at the actual object. Discuss and compare the
two processes of drawing, as well as the two results.

Drawing is modelling
The process of making a drawing is essentially a matter of making a model - a simplified 2dimensional representation of an object or event. Model making is a part of the process of doing
science as well as the process of making art. Making models should thus be part of learning both
science and art. Drawing, like all modelling, allows us to investigate things and processes by
concentrating on particular aspects. We can make different models (drawings) to explore and
understand different aspects.
For example, Figure 2 shows two drawings of a tree. Both are simplifications in that they are 2dimentional representations of a 3-dimensional object. But they are simplifications in other ways
as well. They concentrate upon two different aspects of the tree: one upon the density of the leaves
and trunk of the tree, and the other upon the branching.

2(a)

2(b)

Figure 2: Drawing a tree. (a) modelling its shape and density; (b) modelling its branching.

As the artist Georgia O’Keeffe said in 1922, “Details are confusing. It is only by elimination, by
6
emphasis, that we get at the real meaning of things.” This sort of simplification, or reductionism is
common in art as well as in science. Of course, reductionism also has its drawbacks, and we have
to carefully choose which aspects to temporarily emphasise and then reconsider the complex
interdependencies between aspects we have neglected.
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Some of Georgia O'Keefe's best known paintings are simplified and enlarged representations of parts of
flowers, some of them so abstract that they are barely recognisable as flowers. Her quote appears engraved
on a monument at the Georgia O'Keefe Museum in Santa Fe, USA.
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When one makes any kind of model, one has to decide how to simplify, based on particular
interests, objectives, and past experiences. An element of interpretation is involved which is not
merely mechanical. The interpretation may be more or less explicit - more or less consciously
analysed and decided. The representation conveys meanings which are rich and interdependent
with personal and social beliefs, customs, and ways of looking at the world.
Figure 3(a) shows an example of drawing in which a leaf is modelled with increasing levels of
simplification. On the left, the leaf models include many variables: the contour (outline) of the leaf
blade, the midrib, the petiole, and the veins. Progressing towards the right, the number of variables
are decreased and simplified, until finally in the most simplified model only the blade contour
remains. In this case, the simplification is being done partly in order to save time and make it easier
to draw a long border in which many leaves are represented. Perhaps the border could be simplified
even further by just including the midrib without the blade contour.

3(a)

3(b)
Figure 3: Modelling leaves. (a) In order to make a leaf border, a leaf model is represented in higher degrees of
simplification. (b) A drawing of a plant from the top, in which the number of variables has been reduced,
focusing on the blade contours.

Other sorts of modelling of the plant can be done in which the entire plant is drawn and many
leaves are shown - variation between leaf sizes could also be shown by drawing blade contours,
while ignoring midribs and petioles. I tried doing this (including flowers as well), and the resulting
drawing is shown in Figure 3(b). When I first glanced at the plant, I saw just a jumble of leaves.
Since I had decided to concentrate on the contours of the leaf blades, I selected a leaf at the top,
noticed its orientation and how the tip of the leaf was turned slightly to the left, and drew its
contour. Then I looked back at the plant and saw a neighbouring leaf. I made note of the
approximate angle it made with the first leaf, and drew its contour. Only after drawing a few more
leaves in this manner did I notice that the leaves are arranged in pairs on opposite sides of each
branch (opposite phyllotaxis). This provided an order in which I then started drawing subsequent
leaves, noting also that the two leaves of each pair were sometimes of surprisingly different sizes.
I also noticed that in one or two cases one leaf of the pair was missing, and I wondered why perhaps someone had plucked a leaf - or perhaps this was a variation in development.
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Thus, through the process of drawing, my observation of the plant was enhanced. Because I
decided to include leaf blade shape in my model, and disregard some other variables, the questions
which occurred to me were concerning leaf blades. In order to check my conclusions about the
plant having opposite phyllotaxis, I may have to expand my model, or make a new model in which
I consider other variables, such as the distances between nodes, and angles between successive
pairs.
If students are asked to talk out loud as they create models by drawing, or write notes about their
own thinking and drawing process - just as I have done here - they may become more aware of
what they are learning, and they may learn more and learn differently. Even after completing one
drawing, students can analyse it, compare it to the thing they have drawn, and perhaps draw more
pictures. If a group of 2-4 four students work together in a group to draw one drawing, this may
stimulate their impulse to ‘think aloud’ and discuss the drawing process with each other. Their
learning may thus become more explicit.
This process of modelling by drawing can be compared to modelling in science in which one
investigates questions by considering certain variables and ignoring, or controlling other variables.
For example, one might investigate variations in leaf size by measuring the lengths of midribs,
ignoring the lengths of petioles or blade contours. The lengths of midribs could be a simple way to
categorise leaf sizes, which will save time in making comparisons of many leaf sizes.
Drawing by copying
When a student copies a 2-d representation to make another 2-d representation, the drawing
process is fairly simple and mechanical (Fig. 4). The student keeps comparing their own drawing,
as it progresses, to the reference drawing, and adding to or changing the drawing in order to make
a closer resemblance. In case the student is making a black and white line drawing from a colour
photograph, there are more options, and more decisions and critical thinking are required. But if a
line drawing is made by copying another line drawing, most of the decisions as to how to make the
simplified model have already been made.

Figure 4: (a) An illustration in the NCERT Class VI textbook showing a model of a ball-and-socket joint. (b) A
student’s copy of this drawing.

Figure 5: (a) a drawing made from the photograph shown in Figure 9.
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A student copying a drawing or a photograph (e.g. Figure 5, made from the photograph in Figure
9) will be asking themselves questions like: “How long is this horizontal shape?” “What is the angle
these two lines make when they intersect?” Although the student knows that both front legs of an
animal should be the same size, it is easy to suspend this belief and just act like a robotic machine,
mindlessly copying the appearance of the photograph. It is possible to copy the photograph without
even knowing that it is a picture of a cat, and without learning anything about cats or biology. This
is not to say that drawing from a photograph is not a worthwhile learning experience, but just that
it is very different from drawing from life. What will be learned through the process of drawing from
life will be different, and the resulting picture will also be different.
As shown in the example of a student’s mechanical copy of a ball-and-socket joint which was given
in their textbook (Fig. 4), it is not clear whether or not the student understood what they were
drawing. Perhaps even the textbook illustrator did not understand much. Sometimes textbook
writers have an idea of what they want for an illustration, but the person who makes the illustration
may not understand the idea, since they are just being used as a pair of hands divorced from the
mind.
Often copying severely limits the students’ learning.

Figure 6: (a) A photograph of a handpump which the teacher projected. (b) A drawing one student made while
looking at the projection.

As another example (part of a physics activity), a student was asked to draw a picture of a
handpump based on a photograph (Fig 6). The student’s drawing (Fig. 6(b)) has a few problems.
Most important, there is a gap at a: the rod which goes from the handle into the cylinder is missing.
The reason is that the rod is very hard to see in the photograph because of the position of the tree
trunk behind it. The student was obviously trying to make a faithful copy of the photograph, leaving
out the tree trunk. If the student had been drawing while observing the actual handpump, this
problem would not have occurred. The student would have shifted her head slightly, so that the
tree trunk would no longer be seen to coincide so closely with the rod, and the rod would have
been clearly visible.
Another problem is that in the photograph there is a shadow which makes it hard to see how the
handle is bolted to the rod at b. The student has drawn the handle tapering off to a sharp point
which makes it hard to understand how it could possibly be bolted to the rod. If the drawer had
been able to observe and examine the actual handpump, this misconception might have been
clarified.
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You might argue that this is just a special case in which the photograph is defective. However, any
photograph will inevitably have some sort of problems of a similar type. This is why, for example,
drawings of plants are often more useful than photographs for purposes of plant identification.
However, students do not always stick to the procedure of trying to make a faithful representation
of the photograph. For example, the student who drew the handpump knew that the vertical shaft
upon which the handle pivots extends inside the two horizontal supports, and so she drew it as
one continuous piece c, even though in the photograph the portions of the shaft that are behind
the horizontal supports cannot be seen. Here the student has drawn what she knows, not what she
sees. Also, the student knows that the end of the tap looks like a circle, and a circle would look like
an oval from the side, so she has made an oval d even though in the photograph no oval is visible.
Copying is common, and is bound to occur without encouragement. Children tend to learn from
each other and copy each other’s drawings. Drawing is and should be a social process, and
collaboration can be encouraged. However, since creativity requires more hard work, and copying
is easier, teachers will probably need to discourage copying in order to encourage creativity. At
least, mindless copying can be discouraged in order to encourage the connection between mind
and hands.
Drawing from memory or imagination
Other ways to draw are from memory or imagination. Imagination, of course can never be
completely divorced from memory, just as memory cannot be divorced from imagination. Both
memory and imagination are part of doing both science and art. Both memory and imagination are
inevitably based on prior observations and experiences. These types of drawing may also involve
critical thinking, analysis, modelling, etc. These are all aspects of the scientific method, which
indicates another similarity between art and science.
On the other hand, drawing from memory may be a fairly mindless, mechanical repetition of past
drawings. It can even be a sort of rote memorisation, which may not be very useful for learning
science, if we define learning science to include questioning, analysing, and producing new or
changed beliefs.
Mistakes or accidents inevitably play an important part in drawing. When a student notices that
some aspect of their drawing is surprising, not intended, or not wanted - or that it conflicts with
either what the student imagines or observes in physical reality - the child may try to resolve the
conflict. The child may do this by modifying the drawing in a way which results in a desirable new
form or idea being expressed. For example, after completing the drawing in Figure 7(d), it might
occur to the child that the marks intended to represent falling water could be seen as long hair on
the figures. This might inspire the child to experiment and create new drawings of people with long
hair blowing in the wind.
Using schemas and being creative
When children first start drawing, without direct instruction, they start using various types of
schemas to represent things. Schemas are types of models: a child’s personal symbols which are
simplified representations of things/processes in the real world. Schemas are models which
become used habitually - they are highly stylised and symbolic.
When children first start drawing, they will probably babble or talk out loud to themselves as they
draw, telling stories which help reveal their thinking and their evolving meanings of their drawing.
For example, children may use a circle, or a circle with two or more dots or lines in it to represent
a person (Figure 7). They may invent their own schema. In the case of the circle and dots, it is an
obvious first choice, since a face with eyes and mouth resembles a circle with dots or lines in it.
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7(a)

7(b)
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7(c)

7(d)
Figure 7: Schemas, as they evolved in the drawings by my daughter over a period of several years. (a) She made
this drawing while she was talking to herself about a number of people doing various things. Each person is
represented by the same kind of schema, which consists of a circle with a number of dots inside it. 5(b) My
daughter asked me to draw the two of us. My drawing, in the lower left seems to have influenced her exploration
of schemas used to represent people. The schemas appear to include circles to represent faces (and perhaps
eyes and spectacles) and multiple parallel strokes to represent hair.5(c) In this later drawing, her schema for a
person has further evolved, and now includes easily recognisable facial features.5(d) A few months later, her
schema for a person includes a recognisable body and limbs. Note that the hair model has changed from parallel
lines to curly lines. She said that her picture shows three people taking a bath. Her water model consists of rapidly
drawn, vigorous strokes which mimic the process of water falling.
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The schemas children use may be influenced by those of other children, adults, and teachers and
by other pictures that they see (7(c). Schemas may also be influenced by interactions with other
people - e.g. the comments others make to the child in reaction to the drawing. Thus schemas are
not entirely personal.
When drawing a picture of a tree while in a classroom without a view of a real tree, children often
draw the schema of a tree, as they are in the habit of drawing it, as shown for example in Figure 8.
The particular schema which they use is dependent on which schemas are used by other children
and adults in their community, and by other 2-d pictures that they commonly see. For example,
Figures 8(a) and 8(b) were drawn by rural children living in a village in Haryana where we found
similar representations of trees in the paintings that older women painted on walls in some homes.
Similar schemas for trees were also drawn by many of the young children in this village. However,
the older Class VIII students, who had been taught art in school, no longer used these schemas, as
shown for example in Figure 8(d).

8(a)
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8(b)

8(c)

8(d)
Figure 8: Different types of drawings children produced when they were not looking at real trees or objects that
they drew. (a) Drawing by a rural Class IV child, showing examples of traditional schemas. (b) The tree schema
drawn by another Class IV child from the same village. (c) Drawing by an urban Class III child who was asked to
“draw a palm tree” without looking at a tree. In this case, the child had simplified the teacher’s drawing on the
board - inventing her own model - which through habitual use may later become a schema. (d) Drawing from
imagination and memory by a student from the same village as in (a) and (b). Here, the traditional tree schema
has been replaced by versions learned in school.

Children’s use of certain schemas becomes habitual, and they are used without second thought.
Perhaps it is rare that a child will invent or modify a schema by observing an actual object or event
and consciously figuring out which are the most important aspects, and how these can be modelled
in 2-dimensions on paper. However, even very young children may invent their own schemas, and
teachers can encourage such invention, either individually or in groups. In order to do so, teachers
must be ready to observe the students, see what they are drawing, listen to what they say about
their own drawing, and try to understand their thinking and acting.
Teachers can analyse schemas and other models of trees in drawings in order to understand how
and why the simplified representation has been made. The drawings may indicate which aspects
of the actual tree are perceived to be the essential aspects. Rather than asking a young child to tell
or write a verbal definition of a tree, such as, “A tree is a large plant with a trunk, branches, and
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leaves”, a teacher can ask the child to draw a tree and see which aspects of the tree are represented
in the drawing. The teacher might even ask students to draw pictures of both trees and flowers
and discuss the differences between the drawings.
In addition to or instead of using lines on paper to represent objects, children may use lines to
represent movement - for example, someone walking, or water falling (Fig5(c)). A teacher may find
it very interesting to watch how children create such representations (which may be schemas or
other types of models).
We find that students are often able to recognise each other’s schemas, since they make similar
schemas. Schemas may become a symbolic language, and different villages may have different
sets of schemas which children learn outside of school. Why should school education demand the
rejection or replacement of these schemas? In student drawing, traditional schemas can
encouraged, and also used as a basis for further development.

Exercise 2
● Watch a very young child (1-3 years old) make a drawing without interfering or telling them
what or how to draw. Do not talk to them. Listen to what they say to themselves and write
down exactly what they say. Analyse the process they have gone through, how and why
they did what they did, and what the results are.

Students draw something while observing it
What is the difference between copying a drawing or photograph of a plant, and drawing from life
- for example, drawing a picture of a plant while observing the actual plant?
A drawing or painting which has been made by copying a photograph will have a different
appearance than one that has been made while observing the actual object. The process of drawing
will also be different.
The most striking difference is that the act of drawing while observing is incredibly more interesting
and engrossing. The more one looks, the more amazing the object appears. The more one draws,
the more one needs and wants to observe. The amazement motivates a mutual reinforcement of
both observing and drawing. By comparison, drawing from another drawing or from a photograph
is boring and tedious.
When one draws something while observing it, one is necessarily observing in 4-dimensions (the
three spatial dimensions plus time) and figuring out how to represent the 4-dimensions in 2dimensions. Everything changes in time, and even non-living objects may get slightly displaced
during the time the drawing is being made. Besides, the point of view (the position of the drawer’s
eyes) keeps changing. Therefore, what we observe can be more accurately described as being
‘processes’, rather than ‘things’.

Figure 9: a cat
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For example, a drawer observing and drawing a real cat (Figure 9) will have to ask and answer
questions such as: “I know both legs are about the same size, but from this position one appears
to be much larger than the other - but if the cat moves - or if I move my head slightly, this changes
- so how should I draw the legs?” There is inevitably a constant struggle between what the drawer
knows and what the drawer sees. There is a tendency to move the head slightly in order to see
better, and to figure out what it is that one is seeing. The drawer might ask, “What is behind that
flower? Is one leg hidden behind it?” In addition, there is likely to be an interaction between emotion
and reason, especially when the drawer observes a real cat. For example, the drawer might ask,
“When I draw the head in this position, why does my drawing make the cat appear fiercer than it
actually looks - or is it actually fierce?” Or, the drawing may reflect whether or not the drawer likes
or dislikes cats.
When students are asked to draw a mango tree and a champa tree without looking at the trees,
they may draw the same schema, with the addition of a few mangos or champa flowers. The
difference that observation of what is being drawn can make is shown in Figure 10.
When asked to draw a very detailed picture of a tree without looking at the tree, middle school
students may draw something like Figure 10(a), 10(b), or 10(c).

10(a)

10(c)

10(b)

10(d)
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10(e)

10(f)
Figure 8: The effect of drawing from life. (a) Drawing by an urban Class VII child who was asked to “carefully draw
a tree including all the details” without looking at a tree. It is a tree schema. (b) The same drawing as (a) after the
child was asked for the second time to “draw all the details”. The schema has been modified. (c) Drawing by
another urban Class VIII child who was asked to “carefully draw an imli tree including all the details” without looking
at a tree. (d) Another drawing by the same child, who immediately after drawing (c) was asked to “carefully draw
the tree and draw all the details” while looking at an imli tree. (e) Drawing drawn by a Class IV child who was
sitting near a tree and was asked to “carefully observe this tree, draw what you see, draw all the details, and keep
checking to be sure you are drawing what the tree really looks liked” - even while drawing the child was reminded
to “keep looking at the tree and at your drawing”; and (f) Drawing by another Class IV child given the same
instructions as (e).

What happens when a teacher takes the students outside and asks them to sit under a tree, look
closely at it, and draw what they see? We find that the children’s drawings take on a very different
appearance (Figures 10(d), 10(e) and 10(f)). Compare 10(c) and 10(d), drawn by the same student
without and with observation of a real tree. They indicate that the student has learned something
about how the branches are connected to each other, and even how one particular branch lies
behind another and how this can be modelled in 2-dimensions. In the latter drawing, this student
was experimenting with different types of representations to model the leaves, with some leaflets
being modelled by rows of distinct crescents, some by rounded zigzags, and others by pointed
zigzags. All of these models are closer to the actual leaf than the models that were used in drawing
without observing, which consist of various types of amorphous blobs, and curly lines. Both
drawings indicate creativity, and it is interesting that the more accurate drawing is not less inventive
than the first.
Without looking at a tree, even if the students are repeatedly asked to carefully draw details and
try to make the drawing look exactly like a real tree, the details will not be as accurate - or perhaps,
as interesting - as when they look at a real tree while drawing. Also, while observing, the students
will be able to use the experience of drawing to learn more about the tree.

Exercise 3
● Based on what you read in the previous few pages, design and try out a few drawing
activities with children and then discuss what happened and why. Write what questions
arose in your mind as you did this, what problems occurred, and what you learned by doing
this.
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Teachers can encourage students to draw (make models)
What is the role of the teacher when students draw? Since I advocate ‘learning by doing’, when I
teach I let the students do their drawing themselves, and minimise my directions to them. However,
I do try to encourage students to be more purposive, inquisitive, and creative drawers. I encourage
them to think about, question, and discuss with each other what they are drawing and why they
are drawing the way they are. Group exhibitions and discussions of each other’s drawings are very
useful for this purpose. Through this process, the learning becomes more and more explicit, and
critical exploration is encouraged.
When drawing while observing, teachers might remind the students a few times before, during, and
after drawing to keep observing the thing they are drawing and keep comparing it to the drawing
they are making to see if each detail is the same (or if it is different, what is the intention in making
it different). The objective may be to encourage intention, but not necessarily ‘accuracy’.
As a teacher, I am careful not to point out specific details of the object or mention particular
differences between the drawing and the actual object. This is the work of the students, and if the
teacher gives all the answers, the students will not have the chance to learn, do their own analysis
and construct their own pictures. Rather than make statements, I ask questions. I might ask
students to compare the actual tree to their drawings, or to compare different trees and different
students’ drawings of trees.
As a teacher, I usually do not draw or make any marks on a child’s paper, or even point to any part
of the picture, to tell the child that it is ‘wrong’. I only give a general direction to “keep looking”.
With this reminder, the children are encouraged to look more carefully, and draw things more as
they see them to be, rather than just as they think they “know” they should be, or as they are in
the habit of drawing them. Thus, they will learn more. This is not to say that their drawings should
be ‘objective’. Whenever a person observes or draws, their observations and their drawings are
always influenced by their past experiences, observations, reasoning, emotions, and ways of
looking at the world. We should not be under the illusion that it would be better or more scientific
if they were able to ignore or minimise these influences, and all produce very similar drawings.
Rather, we should be aware of how and why such influences occur.
Teachers can and should encourage children to draw from imagination as well as from direct
observation. With drawing from imagination also, exhibitions and group discussions of the drawings
are instructive. I like to see students asking each other why they have drawn what they have drawn.
I like to hear how different students interpret their own and each other’s drawings, and make
connections between the drawings and personalities, events, experiences, and social problems.
For example, after drawing portraits of each other, we might ask what a drawing reflects about the
personality and emotions of the person who is drawn - and also what it reflects about the drawer.
Experiments with controls could even be done in order to test the answers to such questions.
Teachers can watch a child draw in order to better understand the child and how the child is
learning. Even though children’s use of models may not be intended for communication with others,
the act of creating models is a useful learning experience which helps students learn to investigate
and understand their world. The practice of model making may be transferable across domains.
Getting experience drawing plants may facilitate observing and drawing (modelling) animals - in
terms of skill, experience, and motivation. Furthermore, getting experience in creating models
through drawing, and discussing what how they make these models, may help students make
models of other sorts - such as using written symbols (words and numbers) to represent things
and ideas, using graphs to represent processes, and even in creating mental models (simplified
mental representations) of phenomena they experience in their daily life. Simultaneously,
experience in making mental models and other types of models may help students learn to draw.
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Learning from conflicting beliefs and observations
Learning is more apt to occur when students become aware of contradictory or conflicting beliefs
and want to resolve the conflict. There are several ways in which they may become aware of
conflicts through drawing. For example:
(1) A drawing of a thing or process may conflict with observations of the real thing or
process.
(2) A drawing may conflict with beliefs about the thing or process shown in the drawing.
(4) A student’s beliefs about a thing or process may conflict with their observations of the
real thing or process. The observations may be stimulated by the need to observe in
order to draw a picture (make a model) of what is observed.
In each case, the person who is having the conflicting observations or beliefs may be the same one
who in making the drawing, or different people (students or the teacher) may be communicating
their observations and beliefs to each other. The drawing may be made by students or by the
teacher, or it may be in a textbook, poster, or projected slide. Perhaps learning is be more apt to
occur if the contradictory beliefs and/or observations are those of the same person who has made
the drawing. It may be hard to live with one’s own inner contradictions, once they are realised. It
may not be as hard to live with beliefs which contradict the beliefs of others.
Figure 11 shows an example of a contradiction between what a student drew and what they
observed. This is from a class I conducted in which Class IX students were given wild cress plants
(Cardamine hirsuta) to observe and draw. Here there are several important differences between
the actual plant and the drawing, which the student may not have been aware of, or may not have
been bothered by. When the student was asked to list characteristics of the plant, the student
wrote that the seed pods were not directly connected to the stalk - a correct observation,
apparently referring to the pedicles. However, the student’s drawing shows the seed pods as being
directly connected to the stalk - the pedicles are missing. This presented an opportunity for a
discussion to lead the student to confront this contradiction - and possibly resolve it. When students
make and confront such contradictions, they may be more apt to learn more about the plant than
if the contradiction did not occur, or was not recognised as a contradiction.

Figure 11: While looking at the wild cress plant on the left, a student drew the drawing on
the right.
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In the same class, another student had drawn a picture of a wild cress plant which had roots
emerging from two nodes at opposite ends of the plant. However, in a later discussion, he agreed
with another student that there was no plant with two sets of roots, apparently not realising that
he had drawn two sets of roots. Perhaps this student had believed that plants can only have roots
at one end, based on the typical textbook diagrams, and was therefore unable to see the roots as
roots. Perhaps a less ‘educated’ student would have been more likely to see the roots. Since the
contradiction was discussed in class, probably the students changed his belief.
Other students stated that the plants had taproots, but drew pictures of fibrous roots. We suggest
that the emergence such contradictions may be good occasions for teachers to raise questions
which may help students learn about what they are observing, and also may lead students to learn
to practice science and improve their scientific tempers. It may be useful to ask students to discuss
and write about their drawings. If the writing and drawing is done in small groups, students may
be more apt to confront the contradictions and differences of opinion which arise and learn from
them. This is another example of how drawing while observing may be useful in science classes.
There are many ways of drawing from life. With some methods, the learning, the communication,
and the liberatory potential is less and with other methods it is more.
Reasons to draw
Students need to be motivated, and they need authentic, relevant reasons to draw what they
observe. For example, in drawing the wild cress plants, students were motivated by the need to
find out what were the differences and similarities between individual plants of the same species.
This was related to learning that all individual plants differ from each other, and some of the
differences are heritable - and if this were not true, then evolution could not occur - and indeed, life
itself could not exist.
Rather than being told to draw what they see through a microscope, students can draw because
they need to draw in order to ask and answer relevant questions. For example, if students are trying
to find out how many different types of micro-organisms they can find in a pond at different times
of the year, they may need to draw each organism. In this case, drawings may or may not be
quicker and more communicative than photographs. If the same task can be accomplished much
easier by taking a photograph, why bother to draw? It is important to analyse whether a photograph
or a drawing will be better for the purpose at hand.
If students are investigating authentic questions, in the process of finding answers they may realise
that they need to draw. For example, we had recently conducted a workshop in which students
were trying to find out whether larger moong seeds produce larger sprouts than smaller moong
seeds. The students had previously been doing other activities which involved a lot of drawing of
leaves, trees, chairs, and other things. We thought they might be tired of drawing, so we did not
even mention the possibility that they could include drawings in their work on the sprouts. However,
they all spontaneously drew pictures of the sprouts. Perhaps they realised that this was the best
way to communicate the differences between the two sets they were comparing.

Using 2-d representations made by others as TLMs
Any 2-d representation can be used as Teaching Learning Material. A drawing, painting, or
photograph made by a student or teacher can be a TLM. In this case, we are using a double
meaning of ‘drawing from life’: we try to encourage students to ‘draw out’ meaning from their
observations of the TLM drawings which were themselves made by drawing from life.
Using a 2-d representation for an ‘open-beginninged’ exploration
When a picture is used as a TLM, it is absolutely necessary to show a large projection of the picture,
or make sure that every student has a copy (e.g. in their textbooks), so that all students can
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examine it in great detail. As everyone observes the picture, a discussion begins with students
asking questions and/or making comments. Or, the teacher could ask a question in order to
encourage the students to begin asking their own questions and making their own analysis. The
teacher should allow plenty of time so that each question can be discussed in great detail. This is
an example of an ‘open-beginninged’ exploration - meaning, the teacher leaves open the possibility
of a wide range of questions arising from the students in response to the TLM. Any question a
student raises could be the basis for a classroom exploration to go in a direction which was not
planned beforehand. Besides being open-beginninged, it will also be open-ended.
For example, the student’s drawing shown in Figure 8(a) can be used as a TLM for teaching young
children mathematics, sciences, or languages. The students could explore questions related to a
comparison of sizes, or counting various things in the picture, such as: “How many leaves are there
on this plant?” Discussions may extend to science questions such as “Have you ever seen a flower
with four petals?” or “Do all the flowers on one plant always have the same number of petals?”.
Or, the teacher could ask children to work in pairs to frame their own such questions and answer
each other’s questions.
I have also tried using this picture as a prompt for story telling by asking students to “tell a new
story which no one in the entire world has ever told before, and make sure that the story has a
beginning, a middle, and an end, and that this picture is an illustration for the middle of the story.”
The stories thus produced were used as the basis for discussions related to social sciences - by
asking questions such as, “Why did the boy in your story beat his friend?” In these ways, the teacher
is using the TLM to draw out students’ experiences and observations of life.
As another example, I showed the following photo (Figure 12) to a class of middle school students,
and we had a discussion based on what the students observed in the photograph. Some of the
conversation that ensued is given below.

Figure 12: A photograph of a market which can be used as a TLM.

One student asked, “When was the photo taken?”
Another student replied, “In summer.”
“How do you know?” someone asked.
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“Because the people are not wearing a shawl or sweater.”
“But they are sitting in the sun. In the winter you do not need to wear a shawl if you sit in
the sun.”
The conversation continued:
“But why do you say it is in the sun?”
“I don’t think it’s sunny - there are no distinct shadows.”
“Yes there are - look here!”
“And look, the ground is wet! Maybe it was the rainy season.”
“No, the water was coming from the vegetables.”
“Water from vegetables?”
“You have to throw water on vegetables to keep them fresh.”
“I think it was winter - gobi comes in winter.”
...and so on.
The objective was not to have a lesson about seasons or vegetables. The objective was to practice
close observation and detailed questioning and analysis based on evidence. Of course the
observation and questioning was about particular topics, which in this case happened to be mainly
seasons and vegetables. but the teacher was not forcing the students to discuss any particular
topic. The students led themselves to the topics of their own interest. The teacher facilitated a
discussion in which students raised questions and supported their arguments with evidence they
get from closely observing the photograph. In other words, it was a science lesson in which the
students were doing science: questioning, observing, analysing, communicating, etc.
The same photograph could be used in many different ways. For example, the teacher (or a
student) might ask, “Which of the items being sold here is most expensive? Why is it expensive?
Who gets the money?” Or, the teacher could ask students to estimate what they could purchase
within 100 rupees, and how much would a family of 6 require each day. The students could try to
calculate how much each seller might sell in one day how much money they would get, and how
much might be the profit. Students could figure out what dishes could be cooked using only
ingredients shown in the photo - and maybe they could actually purchase the ingredients and cook
them.
Any drawing, when used as a TLM, can be the inspiration for a wide range of activities.
These kinds of conversations also allow students to investigate interconnections between areas
that are usually presented as isolated topics: seasons, weather, light, water, plants, economics, and
mathematics. It is more realistic and meaningful for the students to interrelate them, as needed. A
lesson using this TLM could integrate maths, natural sciences, social sciences, and languages.
Here is another example of a picture that was used as a TLM (Figure 13), and excerpts from the
discussion that occurred while observing the picture.
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Figure 13: A drawing which can be used as a TLM.

“What are they doing?”
“They have some fruit.”
“What is it?”
“It’s growing on the vine.”
“No - that is a vine of flowers.”
“Fruits come from flowers! See - the vine has the fruits also.”
“What kind of fruit is it?”
“Melon.”
“It looks more like kadu.”
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“Yes - and the flowers - the flowers can be eaten also.”
“Eating flowers?”
“Yes, why not - my grandfather cooks them.”
“But if you pick the flowers, the kadu will not grow.”
“But the vine has so many flowers...”
“But what are those men doing there?”
At this point, the conversation hotted up. At one point the men were accused of being rich
businessmen who were dancing while the women collected the crop that would make them
richer... Then the cars were noticed - a flyover hiding the workers from the rich guys? Was
this science or social science? Shouldn’t the two be separated? By a flyover?
Newspapers contain photographs which can be used as TLMs for open-beginninged exploration.
Even newspaper advertisements can be included, and the relationships between the
advertisements and the point of view of the articles can be analysed.
Textbooks contain a number of illustrations that can be used for critical observation and analysis.
For example, the cover of the Class X NCERT textbook, Understanding Economic Development
was intended to be used for critical observation, discussion, and analysis, as are a number of the
illustrations inside.
Using historical artworks for student investigations in social science
Historical artworks, such as this drawing from the hills of Punjab (Figure 14), could be used as a
TLM for students from primary to senior secondary school. The aim is to examine the artwork to
do social science and find out something about the social and natural science and technology of
the time and place in which it was made. In order to make this particular activity more authentic
we have purposely chosen a drawing which even the teacher has difficulty understanding. The
students as well as the teacher will all need to explore and analyse the drawing in order to make
some sense of it. In this case, even historians may not understand the drawing, or there may be
conflicting opinions about what is shown. Thus, the students will be doing authentic social science,
and they may begin to understand how historians work, and how difficult their work is.

Figure 14: a drawing from the hills of Punjab, dated c1740.
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When we tried this activity with middle school students, each of them was given a high-quality A4size reproduction of this drawing and they were asked to work in groups of 3-4 to examine the
scene by asking and answering questions in order to try to figure out what is shown. They were
allowed half an hour for small-group discussions and another 20 minutes for a full-class discussion,
in a free and open atmosphere. It was astonishing to see how perceptive and analytical the students
were, with almost no prompting from the teacher. I visited each small group to hear the students’
discussions. Students asked and tried to answer questions such as: Who are the people? What are
they doing? Are people of different classes shown? What different kinds of clothes are they
wearing? What utensils are shown? What might be in the utensils? What are the small spots insects? Which kind of insects and why might they be there? How are the sheds and fences
constructed? What was life was like in those times, and how it is similar or different from life today?
Here again, the role of conflict in learning can be emphasized. For example, if a drawing of a flower
in a textbook conflicts with what students observe while looking at actual flowers they hold in their
hands, there will be a good opportunity for learning. The role of the teacher is to encourage the
students to find such conflicts and try to resolve them. One very worthwhile aim of learning may
be for students to question what they read, and to realise that their textbooks may contain
mistakes.
Teachers can use previously produced drawings in order to explicitly teach students about
modelling and how modelling is important in both art and science. In the process, students may
learn about variables and how and why they should focus on particular variables in order to do
experiments and better understand phenomena. For example, examples of drawings by various
artists can be projected and students can discuss how the artists have simplified their
representations. Teachers can ask students to identify which variables have been represented and
which variables have been ignored or simplified.
Thus, in Figure 14, colours and shapes have been simplified by being represented in black contours
and shades of grey (although this is a black and white photograph of the original which is drawn
with washes of colour rather than shades of grey). Perspective has been simplified by showing
many of the people and objects separately, rather than behind or in front of each other, and without
showing any reduction in size for things that are farther away. Faces have been simplified by
showing them all in profile rather than from various angles. And of course, a 4-d scene is being
depicted in 2-d.

Exercise 4
● Make or find some drawings which you could use in the classroom as Teaching Learning
Material. Choose one or two of them to try them out in a class or with a few children at
home. Write about what you did and analyse what happened and why it happened the way
it did.
● Try using drawings to stimulate students to ask questions. See if they will spontaneously
start asking questions when they see the drawings, or if you have to ask them to ask
questions. Try to keep silent to give the students time to talk, or let them talk to each other
in small groups.

Conclusions: Drawing from life
The interesting thing is that the more closely students observe their world and draw what they see,
the more inspired and creative they will be. Through their own close observation, analysis, and
intentional drawing, they will be able to escape from mindlessly drawing schemas or clichéd models
of remembered reality. Observation inspires creativity rather than stifling it, as long as the teacher
is not too closely directing the students as to what they are ‘supposed to’ see.
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Nevertheless, there are times when a teacher might like to suggest what students should look for
and think about when they are drawing. If a student tends to concentrate only on quickly drawing
the general shape of an object, sometimes the student might learn something interesting by
concentrating on details, and the teacher might suggest this. Conversely, if a student concentrates
only on details, they might learn something new by following a teacher’s suggestion to look at the
general shape. If students are ignoring their traditional schemas - or if they are adhering only to
schemas - a teacher might encourage them to analyse the reasons and the advantages and
disadvantages of using schemas for particular purposes. Thus, students’ drawing may become
more explicitly intentional.
Drawing requires work with the hands. If drawing is just a matter of mechanically copying another
drawing, then it does not also require much work with the mind. If this is how drawing is envisioned,
then someone who values labour of the mind above that of the hands may not put much value on
making drawings. If school education is seen as being concerned mainly with ‘book-learning’ and
thinking which is divorced from actual experience and everyday work, then drawing may not be
given much emphasis except as a tool to facilitate remembering. This is what we mean when we
say that ignoring or devaluing drawing is part of an attempt to ‘Brahminise’ education. It is an
attempt to value only work with the mind and separate it from work with the hands.
However, we question the utility of segregating work with the mind from work with the hands. We
should not put so much emphasis on the labour of the mind that we try to separate it from its
organic and intimate connection to labour with the hands. We should recognise that reasoning,
analysis, modelling, communication, and creativity should all be intrinsic parts of drawing. When
students invent models as they draw, they are integrating their hands and their mind, and this
integration results in a gratifying production of a work of art/science.
There is a cliché that, “A picture says a thousand words”. Teachers can use pictures to inspire
students to say much more than a thousand words - and to use pictures as a basis for exploration
and meaningful learning.

Summary
● What are the similarities between doing science and doing art?
● Students can make drawings by copying other drawings, by observing real life, or by
imagining or remembering.
● Drawing is modelling (making simplified representations of reality).
● Children create and use schemas to represent things.
● Teachers can analyse student drawings to understand students' thinking.
● Drawing while observing may help students to closely observe and to become aware of
contradictions, which may lead them to change their beliefs (i.e. to learn).
● Drawings can be used as TLMs, to stimulate students to ask questions, observe closely, and
have discussions with each other, and form arguments based on evidence they observe in
the drawings.
● Drawing is a kind of work with the hands that can be integrated with work with the mind.
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