
From apes, in a march to perfection
How did humans evolve?

Now, suppose there were no people.
Could a similar thing happen without people?
Could wild mustard give rise to mooli without people?
Could it happen without intention? “Maybe a monkey could do it!”

(Class VII student)

 

That’s not all - over several thousand 
years, farmers in different places have 

gotten many varieties of plants from the 
wild mustard family: 

cauliflower

sarson
(seeds, 
mustard 
oil, and 
mustard 
greens)

cabbage

shalgam
kohlrabi

bok 
choi

mooli

brussels 
sprouts

red 
radish

broccoli

As you can see, in any population 
there is variation. In this 
case some plants have 
large roots, and others 

have small roots.

The plants with large roots produce 
seeds that often give plants with 

large roots. Those with small roots 
usually produce plants with small roots.

The field often floods, and almost all 
the mustard plants with small roots 
get washed away... 
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Some of our ancestors liked to eat the 
young mustard leaves that were packed 
closely together.

We need to explicitly 
discuss teleology and 

ways of thinking 
about the world

From an idealist 
perspective, some 
god or spirit or soul 
is more basic than 
physical reality, so 
physical causes for 
processes may not 
be expected or 
accepted. 

“If we allow ourselves the licence of talking about genes as if 
they had conscious aims, always reassuring ourselves that we 
could translate our sloppy language back into respectable terms 
if we wanted to, we can ask the question, what is a single selfish 
gene trying to do? It is trying to get more numerous in the gene 
pool. Basically it does this by helping to program the bodies in 
which it finds itself to survive and to reproduce.” [italics mine]

- Richard Dawkins (1976) The Selfish Gene

Dawkins encourages teleological thinking: 

How do you know?
What is the evidence?
“... intuitive inner beliefs...”
“... authorities have said so.”

“The plant’s roots try to find 
water.”
“The plant knows where it 
is wet.”
“Plants have atma.”

In 1859 Charles Darwin wrote, “Each new species 
arises by descending, with modification, from an 
ancestral species.” 

But this does not mean that humans evolved from 
chimpanzees. Rather, humans and modern apes 
both evolved from the same ancestors. 

The parade marching to “perfection” that we often 
see in pictures does not give a correct view of 
evolution, for several reasons:

Most organisms are still microorganisms. So 
how can we say that life in general has been 

getting progressively more advanced? 

Scientists now think that chimpanzees evolved 
more recently than Homo sapiens. Does that 

mean that chimpanzees are more advanced than 
Homo sapiens - or than Australopithecus, which 
became extinct long before chimpanzees 
appeared?

Should we think of humans (existing less than 
five million years) as being more successful 

than dinosaurs that existed for 180 million years, 
or dragonflies that have existed even longer?

Humans are not perfect. How can we even say 
what it means to be perfect? Which is 

more perfect: a human or a honeybee? 
Can humans make honey? Can humans fly? 
Humans are not the most numerous species. 
Humans are not the biggest, the fastest or the 
strongest. They don’t even have the largest brains.

Maybe all we can say is that over the past millions 
of years, a few types of organisms that are more 
complex have arisen and now co-exist with 
simpler organisms. 

However, more than 99.9% of all species that ever 
existed have become extinct, and surely one day 
Homo sapiens will also become extinct!

Evolution is not a march 
to perfection
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Our language is 
teleological

Of course we believe in evolution!

In english and many other 
languages it is difficult to 
state that something 
happened causally but 
without intention. Even 
Darwin was frustrated by 
his inability to find a less 
teleological word than 
“selection”.

How might evolution be seen from a 
materialist, idealist, or dualist point of view?

According to 
materialism, 

‘matter’ is basic:
Life could be created 
and evolve by itself, 
without any design, 
purpose, or ‘spirit’ 
acting as a guiding 

force.

According to 
idealism, 

‘ideas’ are basic:
Life could be created 
and evolve because 
some ‘spirit’ wills it to 

happen.

According to dualism, 
there are two separate 

worlds:

1. Science deals only with the 
‘facts’ and theories of physical 

states.

2. Religion deals with ethics and 
ultimate meaning.

According to dualism, evolution 
may occur due to the physical 
process of natural selection...

but some processes may have 
non-material causes...?

But how can these two 
worlds be separate 

when the mind tells the 
body to raise a hand?

1. The world of 
physical states

2. The world of 
mental states 

(ideas).

But can these two worlds 
be kept separate?

MISCONCEPTIONS

What is evolution?
A Struggle for Existence

How did animals evolve?
Fish grew 

feet so they 
could crawl 

ashore.

How did the brain size change 
as humans evolved?

Homo sapiens 
needed a larger 
brain to survive

The species with 
larger brains 

were smarter, so 
they survived.

What is the origin of species?

Birds 
adapted 

to 
different 
islands.

They 
were 
very 
tasty...

Many many years ago, 
before your parents were born, 
and before your parents’ parents were born, 
and before their parents’, parents’, parents were born, 
there were different food plants than there are now. 

In the days when farming 
was just beginning, there 
were some kinds of wild 
mustard plants.

How do they evolve?

Karen Haydock

They took 
good care... 

Our ancestors took 
seeds from this wild 
mustard and planted 
them in fields.

The farmers needed to 
collect seeds to grow 
the next year’s crop. 
Instead of eating all 
the plants, they let 
some plants grow and 
produce flowers and 
seeds. 

Fed to goats Saved seeds 

1st month

2nd month

3rd month

Ate

In another place, people liked to eat the tightly packed, 
undeveloped flowers of some mustard plants.

 undeveloped 
flowers

 developed 
flowers

The seeds sprouted and the new crop grew.

At the end of the 
season, the farmers 

again chose the seeds 
from the plants with the 

best undeveloped 
flowers.

Look - this crop has more plants 
with larger and better tasting 
undeveloped 
flowers.

After many years of sowing the seeds from the 
plants with the tastiest undeveloped flowers,
look what they got -.

phoolgobi!

I want to fly,
so I grow wings.

TELEOLOGY:

I grew wings,
so I use them to fly.

NATURE:

Why do people think teleologically?

Or... because people are idealists 
looking for non-material causes?

“Teleology is intuitive.”
Kelemen, 1999; Kampourakis et al, 2011)

Maybe
teleological 
thinking is 
simpler...

Or is it our rational attempt 
to understand by making 
analogies between the 
unknown and ourselves:
‘People can plan and 
purposely act, so maybe 
other organisms also can.’

"The standard sequence of biological 
species that modern biologists have 
inferred from the fossil records spanning 
long stretches of time, is accepted as a 
“lower-level truth” already known to 
ancient Hindu sages who are said to 
have “surpassed” it in favor of the 
“higher” truth of spiritual evolution."
(Meera Nanda, 2010)

“What the bio-scientists today call Gene 
factor, is the jiva-atman in the Indian belief 
system. Life-giving cell atman is trans- 
migratory among different physical forms - 
monkeys, snakes, birds, bees, animals and 
humans - and even trees.” (email)

"well I am not scholar of 
Hinduism but one of sacred 
writing in Bhagwat geeta it has 
been described that what had 
happened and what is 
happening and what will 
happen is happening for 
good.(jo hua who achha hua jo 
ho raha hai who bhi ache kay 
liye ho raha hai aur jo hoga 
who bhi ache kay liye hoga)…I 
take this Jo hoga (happening) 
as Darwins theory" �(email)

"Early on in the quest for science, we teach 
the students to study the functions and 
limitations of the instruments used, so as to 
gauge the reliability of the observations.
But the curriculum most often falls on its 
nose with a thud: Has the student ever been 
taught  to introspect and know the 
functioning and limitations of one's own 
intruments of perception?
Western system of scientific enquiry is 
completely flawed. Should we turn a blind 
eye to the infinite knowledge and wisdom 
garnered by the sages of yore and infused 
into our traditions and philosophy; and ape 
the johny come of late western system??!!!!
Be one to awaken the sense perceptions of 
the young and eager and lead them on to 
true knowledge."  (email) 

Pseudo-science in India
Co-opting "science" to validate 
religious beliefs that are based 
on faith

These religious beliefs are not 
based on observing physical 
reality, questioning, analysing, 
and experimenting. 

Contrast this with western 
non-scientists who use 
religious beliefs to 'disprove' 
science. 

In neither case is a scientific 
method being understood or 
followed. 

Should these problems be solved?

The post-modernist approach:

Do not push students to believe in evolution 
by natural selection:
"Many if not most authors including myself question 
the propriety of changing beliefs as a goal of public 
instruction in a democratic society. If a goal of our 
instruction is to change student beliefs, are we not 
liable to charges of indoctrination?"  (Smith, 2010)

Individualistic ‘ freedom’ ?

Religious beliefs are personal?

Scientism:
inappropriately privileging 
science above all else

“The plants which have 
undeveloped flowers would 
have accedently be fallen 
because of a storm and 
would have been transported 
to different places and 
because of rain it would start 
growing.”  

(Class VII student)

It could be possible that wild mustard gave rise 
to mooli without farmers. The process could 
have happened naturally or accidentally. It 
could also have happened due to animals. 
Some animals must have eaten the seed and 
the seeds may have stuck to the animals skin. 
The animal was used as a way of dispersal of 
seed to long distance. Hence, the undeveloped 
flowers may have not been eaten and would 
have reproduced during long periods or the 
undeveloped flower may have got unusual 
conditions by which it turned to different types 
of mustard plants (Class VII)

“If we go according to Darwin's 
Natural selection theory, then i 
will think about "survival of the 
fittest". But even if a plant of 
mustard family is able to 
survive, then it is possible that 
they can be eaten by some 
predators or some ants. So, I 
think the only way that the 
mustard family plant can 
survive, is by protecting or 
preventing itself from any type 
floods or ants and insects, is by 
developing a defense 
mechanism.” (1st year BSc)

“Natural forces - 
calamities/wind, rain, 
etc, bugs, birds might 
prefer a particular plant 
type OR they stronger 
plants survive the 
calamities while weaker 
may perish. The 
survived ones grow, 
reproduce & eventually 
evolve.”  
(1st year BSc)

“I think the temperature and climatic 
conditions may be the reason in 
variation of the same mustard family 
and this was how the new type of 
leaves and roots of the same mustard 
evolved”   (1st year BSc student)

Are they scientists?
When farmers produce new 
types of crops through the 
process of artificial selection, 
are they doing science?

In yet another place,
people found another kind of wild mustard. 
Some of its roots were thick and juicy. They tasted good. 
So they planted the seeds from these plants.  

After many years,
look what evolved - 

mooli!

Address teleology:
start with a story -  
about evolution by 
artificial selection 

(following in the 
footsteps of Darwin)... 

Each year they grew 
the new crop from the 
seeds they had 
collected from plants 
with tightly packed 
seeds.  

They wanted to get more plants with 
tightly packed leaves, so they 
selected seeds from plants that had 
started out with tightly packed leaves.

After many years, what did they get?

bandgobi!

Evolution?

We have analysed the problems in teaching and learning about evolution 
in India, and developed interactive, visual methods to solve these problems. 
Shown here are parts of the exhibition and book that we have developed.

Lack of access to education
Biology and evolution are complex and inherently 
difficult to understand
Conflicts with our ways of thinking about the world
We use inappropriate logical frameworks
Conflicts with previous beliefs
    Religious beliefs
    Misconceptions about evolution 
Lack of scientific temper

Why is it difficult to teach and learn 
about evolution?

Conflicts with our ways of thinking about the world

When talking about 
natural selection, we 
try to refrain from 
using teleological 
language, such as, 
“it tries to...” and   
“in order to...”.
In the book, the 
words “fitness” and 
“adaptation” are 
purposely not used.

Artificial selection:
The kinds of plant species liked by humans in a 
locality would have been consumed by them 
more than other kinds (with undesirable traits). 
These uneaten other kinds, were the only ones 
majorly left to produce seeds and form the next 
generation. Over a period of time, these other 
kinds with specific traits represented the whole 
population of mustard. The mustard plant could 
then be said to be evolved in the direction of that 
trait. (BSc Biology)

The ancient man [sic] grew the wild 
mustard and saw some undeveloped, 
highly packed flowers and tasted it, they 
found that it was very tasty then they 
took some seed from that plant and 
cultivated the undeveloped tightly 
packed flower and by generation to 
generation they done the same thing 
intentionally to see what they will get 
and got a cauliflower. (Class VII) 

Observe and draw mustard plants
List similarities and variations between the mustard 
plants
Investigate mustard plant development
Discuss what is science and design science 
experiments related to mustard
Read a story about how artificial selection was used to 
develop crops in the mustard family
Suppose there were no people: Could something 
similar to artificial selection happen without people? 
Without intention?
Discuss possible ways mustard could evolve by 
natural selection
Discuss the differences between artificial and natural 
selection
Carry out a simulation of evolution by natural selection
Discussion on further questions, misconceptions, 
implications, and evidence

A strategy to learn about evolution 
by natural selection

. 

Do science 
to learn about 

similarity and variety: 

Working in groups, and drawing while 
observing, helps students to observe 
more closely, find more similarities and 
differences, and become more actively 
involved. 

 It may be beneficial for a group to 
work together to draw one picture.

Instead of memorising ‘facts’, 
ask questions 
and use scientific 
methods to search 
for answers. 
Observe, draw, 
compare, and list 
similarities and 
differences 
between individual 
plants of the same 
variety. 

Teleological thinking conflicts with 
understanding natural selection

We think 
things are 
designed 
for certain 
purposes

...and it is 
difficult to 

think 
otherwise.

Improve scientific temper

Lack of education

We need to demand the government 

to train and hire teachers.

Directly address 
misconceptions

as they arise

During artificial selection the caring and 
watering would be in a limit so the plant 
would not extend to root but save itself from 
winds it would shorten the height of shoot 
becoming cauliflower or cabbage. 

Evolution by artificial selection is the changes 
caused in a species due to the intentional or 
unintentional intervention of another species. 
(1st year BSc)

Had one plant 
changed from 
having less tightly 
packed leaves to 
having more tightly 
packed leaves?

An individual wild mustard plant did 
not change into a cabbage plant.

Plants that happened to have tightly 
packed leaves were the ones that 
farmers selected for seeds.

The population of plants changed 
after many generations of selection.

A population in which only a few 
plants had tightly packed leaves 
evolved into a population in which 
almost all plants had tightly packed 
leaves..

NO!

Middle school students who have never 
heard about natural selection seem to be 
better at imagining how it might happen 
than BSc students who have studied 
something about natural selection in school.

Here ‘artificial’ means ‘produced by people’

Sometimes people don’t get what they 
want by artificial selection.
Sometimes a plant has larger roots just 
because it got more water.
Seeds from these plants may grow into 
plants with small roots the next year, if 
they do not get so much water.
The size of the roots is not determined 
just by the seeds.

Organisms are connected through heredity and environment.

No organism can exist independently. Some modern logical 
frameworks accentuate individuality (that things are separate 
and individual) to an extent that makes it difficult to see the 
interdependencies, which are the basis for evolution.

We need to use logical frameworks that 
allow us to see that:

(1) Everything is interconnected and interdependent

(2) Opposing tendencies are present in all processes, for example:

Life requires genetic 
information transmission 
which includes the 
opposing tendencies of 
both accuracy and 
error in DNA replication, 
transcription, and 
translation.

(3) Everything changes. There are quantitative and qualitative changes.

Unless we use a logical framework that allows us to see both chance and 
necessity as inherent, we may tend to towards either idealism (believing 
we cannot understand because there is no physical basis) or genetic deter-
minism, and may have a hard time understanding evolution.
We need to see how life requires both variety and similarity - even within 
one population, no two organisms are identical - if they were then life and 
evolution could not exist.

If we use a logical framework that emphasizes stasis or only gradual 
change, then we may have difficulty recognising sudden changes that 
may occur (such as in punctuated equilibrium).

(4) Every new thing gets replaced by a newer thing.

Pseudo-science

Did the mustard want to get large roots?
Do plants have desires?

What did the insects want?
Do insects have desires?

This is called NATURAL SELECTION

Gradual change Punctuated 
equilibrium

Sometimes seeds from plants 
with one desirable characteristic 

end up producing new plants with 
some unwanted characteristic.

For example, we may get a larger 
cabbage, but it may be bitter.
One characteristic may affect 

another characteristic.

Suppose once upon a time, in a place without people, 
there is a population of wild mustard.

And those with large 
roots remain.

What might happen 
after many years?

There might be more mustard 
plants with larger roots!

Or suppose there is 
another field of wild 
mustard...

In this field, some insects come to live.

Suppose the insects eat large 
roots, but not small roots.
Then, what might happen?

There might be more 
mustard plants with 
smaller roots!

A few of the undeveloped 
flowers went on to produce 
flowers and seeds.

The farmers gathered the 
seeds from these plants, and 
planted them the next year.

We have a hard time envisioning changes 
over long time periods. Maybe it is 
connected to our conservative desire for 
stasis and eternal life. And we love to 
believe that cavemen fought dinosaurs!

People noticed some differencs between the mustard plants.
Look closely.
Can you see any two plants that are the same?

In what ways are they similar?
In what ways are they different?

Why are they different?
Is it because some had more water?

Or less sun? Or more fertile soil?
Or is it because the seeds they grew 

from were different?

All of these were produced by people
selecting the kinds of plants they wanted.

This is called ARTIFICIAL SELECTION.


