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Karke Dekhaa, Samajh Gaya
*

 

 

INTRODUCTION TO ENGLISH TRANSLATION 
(ORIGINAL WAS IN BENGALI) 

 

 

The following is a free English translation (by author himself), with some 

addition/deletion/alteration and rearrangement, of a piece of writing, originally written in 

Bengali and published in two parts way back in 1986 in a non-commercial Bengali 

periodical (such magazines, here in India, are called little magazine) of the time named 

Biggan O Biggankarmi [B-O-B (pronounced “Bee O Bee”) in short, meaning “Science 

and Scientific Workers”], which is being published from Kolkata (West Bengal) till now. 

Interface of science and society was and is the running theme of the magazine. 

 

                                                
*
 Through my much younger friend Sudipta Saraswati, a researcher in behavioral neuroscience, 

who through his kind, labourious, extraordinarily meticulous and repeated scrutiny, and 

consequent queries and suggestions helped me to edit and enrich (e.g., by  pointing out words, 

needing footnotes — sometimes even catching on some chance remarks of mine during our 

telephonic conversation across oceans and continents, writing one footnote himself on the basis of  
Internet search, suggesting and preparing the APPENDIX, preparing some sub-headings and the 

like) this English translation in innumerable ways (though responsibility of any possible 

major/minor error of omission/commission is of course solely mine), I came to know (he sent me 
collated information, painstakingly gathered by him from the Internet and other sources) much 

later that the three aphorisms (quoted below in the beginning of PART ONE of the two-part article) 

from which the name (“KARKE DEKHAA, SAMAJH GAYA”, meaning, “When I observed after 
doing, I understood”) of the article derives is supposedly a Hindi translation of an ancient Chinese 

proverb, often attributed to the Chinese sage Confucius though in an article (‘Wonder and the 

teaching and learning of science’) by Alan Goodwin, first published in Education in Science in 

September 1994, Goodwin comments that his “Chinese colleagues do not seem to know it!” (A. 
Goodwin (1994) Wonder and the teaching and learning of science. Education in Science, 31, p. 8-

9, see: www.scitutors.org.uk/files/k0.1_2.1a_wonder_and_tl_of_science.doc accessed on January 

10, 2010).  
 

And exactly in the same way (i.e., courtesy Sudipta Saraswati, e-mail: 

sudipta_saraswati@yahoo.com), I also came to know, again much later, that apparently Aristotle 
also conducted the specific experiment on chicken egg described in the PART ONE and that the 

record of observation after the experiment is part of his extant writings. The interested reader can 

see that small piece of writing (collected by Sudipta Saraswati from the Internet) in the APPENDIX 

at the end of this two-part article. 
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The piece is somewhat in the nature of reporting on a training camp conducted under 

a programme named Hoshangabad Science Teaching Programme (HSTP)
†
, for science 

teachers at middle or pre-secondary schools in some districts of Madhya Pradesh (M.P.), 

an Indian state. The medium of instruction in the camp was Hindi, the vernacular of the 

region, and not the language (Bengali) of the present reporter, who was acquainted with 

the medium to the extent of being able to follow it more or less fully and to speak in it 

haltingly. 

The attempt was not to give any comprehensive account of the training camp but to 

give a classroom example of one experiment (spread over a number of days), which is 

illustrative of the method of imparting science education, in which school teachers were 

being trained. The first part contains an account of the experience of my (along with my 

younger friend Dipak Pal, at the instance of whom I went there in the first place) 

participation as an observer. The second part contains some analysis, inference and 

thoughts (touching on the method, as mentioned above) that this experience gave rise to.  

To avoid any possible misunderstanding, it is necessary to emphasize, even courting 

the risk of sounding somewhat repetitious, that the present author is neither an expert, nor 

have or had any special interest in the field touched on by the experiment described in the 

present article. And so, it is not the particular experiment per se but the method as 

illustrated by the experiment which was the fundamental driving force behind producing 

the article in the first place. And the purpose would have been served better, if experience 

over there with regard to more experiments from different fields could be presented as 

                                                
†
 Closed down later on, under a lot of spacious arguments (from the Government side), under an 

order (to “forthwith” terminate the programme) issued on July 3, 2002, by the then State 

Government of M.P., run by Congress Party. It is a remarkable coincidence, that the vociferous 
demand for this closure had been coming for sometime before issuance of this Government 

order from the one MLA (from Hoshangabad district) belonging to the then party in opposition. 

This party was BJP, declaredly an arch rival of Congress Party, in all electoral battle for 
Parliament and State Assemblies in India. Though generally, they are loudly hostile, if not 

vituperative, against one another, on this issue there seemed to be a clear consensus (see: 

http://www.cisl.columbia.edu/grads/presi/EKLAVYA/ accessed on January 10, 2010 — Sudipta 

found out the website for me. In view of some confusing messages/rumour about the closure, this 
website was of great help in getting the facts right.). It may added that EKLAVYA, the voluntary 

organization which was conducting the Hoshangabad Science Teaching Programme, is still 

running and have diversified their activities in other forms, e.g., publishing periodicals on Science 
Education, for children and the like. 
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illustration of the method. In fact, a little after the publication of the present article (i.e., 

about 25 years back) another of the same kind but around an experiment relating to 

electro-magnetic phenomena (making of a motor, using an ordinary bottle-cork, some 

electric wire, a big needle, two ordinary flat surfaced small pieces of magnet and a small 

1.5 Volt battery used in torches) was prepared by the present author at the instance of 

Sudipta Saraswati. I would have felt happy if I could put this second article alongside the 

present one. But it was lost through inadvertence. And I had no other copy. Now, after 

such a long time I am unable to recall the necessary details of the first hand experience 

and so can no longer reproduce the same. 

It goes without saying that the experience was a very stimulating one. Otherwise, 

there would not have been this piece of writing at all. The author went to the training 

camp in M.P. (above thousand miles from his usual place of residence Kolkata — then 

called Calcutta) just as an observer and not under any pre-fixed assignment of preparing 

any report. Back to Kolkata, friends who heard about the experience in scrappy details 

suggested writing on it. Hence this piece. 

This is no scholastic piece on education. Far from it. The author has no scholastic 

pretension whatsoever. There is a fair possibility that at subconscious level, his far from 

happy memory as a student of science contributed in shaping the content and overall 

tenor of this piece. Besides, it was prepared in a genuine spirit of opening dialogue with 

readers. There are instances of repetitions and overlapping as is usual in any live 

conversation. 

Last and not the least, I apologize in advance for any major/minor error of 

omission/commission in this English Version of the original in Bengali. I shall remain 

obliged to any one pointing out such error. 

Subhas Chandra Ganguly 

B-22/8 Karunamoyee Housing Estate  

Salt Lake City, Kolkata -700091, INDIA 

       Friday, January 15, 2010 

                                                                                              E-mail:  subhas_ganguly@yahoo.co.in                                         

Copyright (c) 2010 by Subhas Chandra Ganguly. This is an open access article distributed under the terms of the Creative Commons 

Attribution-Noncommercial-No Derivative License (see http://creativecommons.org/licenses/by-nc-nd/3.0/us/), which permits anyone 

(if he/she so wishes) to share this article, provided (1) the distribution is only for noncommercial purposes, (2) the original author and 

the source are attributed, and (3) no derivative works including any alterations are made. For any distribution, this copyright statement 

should also accompany the article without any alteration and in its entirety. 
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Karke Dekhaa, Samajh Gaya 
 

PART ONE: Story About a Training Camp on  

Science Education Vibrant with Life:  

Some Impressions, Some Analysis 

 
 

Subhas Chandra Ganguly
‡
 

 
 

 

 

“Mayne Sunaa, Bhul Gia (I heard, I forgot) 

Mayne Dekhaa, Yad Rahaa (I saw, I remembered) 

Mayne Kia, Samajh Gia” (I did, I understood) 

 

The above three aphorisms (in Hindi) in a child’s scrawling handwriting are printed 

in loud bold letter, covering the whole of the inside back cover page of a science textbook 

                                                
‡
 Copyright (c) 2010 by Subhas Chandra Ganguly. This is an open access article distributed 

under the terms of the Creative Commons Attribution-Noncommercial-No Derivative License 

(see http://creativecommons.org/licenses/by-nc-nd/3.0/us/), which permits anyone (if he/she so 

wishes) to share this article, provided (1) the distribution is only for noncommercial purposes, (2) 
the original author and the source are attributed, and (3) no derivative works including any 

alterations are made. For any distribution, this copyright statement should also accompany the 

article without any alteration and in its entirety. 
 

PUBLICATION HISTORY: PART ONE of this article was originally written in Bengali and first 

published in January-February, 1986 issue (9
th
 year, 4

th
 issue) of Biggan O Biggankarmi, a non-

commercial Bengali periodical which is being published from Kolkata (West Bengal) till now. 
Interface of science and society was and is the running theme of the magazine. 

 

This is a free translation of the original (with some addition/deletion/alteration and 
rearrangement) article by the author himself.  

 

This English translation was first published in the website, Writings of Subhas Chandra Ganguly 

(http://sites.google.com/site/subhascganguly/writings) on January 15, 2010. Last edited on July 

15, 2010.  E-mail: subhas_ganguly@yahoo.co.in 
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meant for children of standard six (or class VI). Below the list of contributors in the title 

page is written the following (originals were all in Hindi): 

 

DEDICATION 

 

To landless and small peasants and to those majority among the children, who 

are unable to attend schools and from whom, inspiration came to integrate 

science-teaching with the life and environment of villages.  

            

Those who received the “inspiration,” i.e., the composers, were from among some of 

the people from the following: 

 

• Tata Institute of  Fundamental Research (TIFR) 

• Teachers Training Group, Delhi University 

• Madhya Pradesh  College Science Teaching Group 

• Friends’ Rural Centre, Rasulia 

• Kishore Bharati, Bankheri Project, Hoshangabad 

• Teachers and pupils of 6 rural secondary schools in Hoshangabad District, who, 

from 1972 were giving training and being trained in science according to the 

principle of “do and learn”. 

 

The same people have composed three more textbooks for standard seven and eight. 

The books have won government recognition as the textbook in all (about 250 in number) 

the pre-secondary schools or middle schools (from class VI to VIII) of Hoshangabad and 

in some scattered schools of some other districts like Dhar, Mansur, Ujjain etc. in 

Madhya Pradesh (M.P.).  Among the composers, Kishore Bharati and Friends’ Rural 

Centre (organizations that undertake various projects, oriented towards what they call 

rural development and rural self-reliance) were in the initial organizational responsibility 

of this science education project in Hoshangabad District where the project was put on 

trial for the first time with 16 schools in 1972. With the passage of time, this project far 

out-stripped their all other works. In the interest of better overall direction, a new separate 
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organization named Eklavya came into being in 1982. From then on, the entire 

responsibility to conduct the science teaching programme was shifted on to this new 

organization. Apart from the activists of Kishore Bharati and Friends’ Rural Centre, 

associated with the project from its embryonic stage, who are among the members of this 

new organization, many new activists (majority being school and college teachers) are 

also joining its ranks. 

 

Every year during summer vacation (May-June), Eklavya arranges their teachers’ 

training camps in two or three places in M.P., viz., Ujjain, Hoshangabad and Bhopal. 

During 1985 Ujjain camp (yes, that same old Ujjain of Kalidas
§
 on the bank of the river 

Shipra), we two (myself and Dipak — Dipak Pal) from West Bengal, attracted almost by 

hearsay presented our humble selves at the camp site, which happened to be a teachers’ 

training college, situated in the centre of a vast sprawling ground in the newly developing 

areas of Ujjain. Mainly the curiosity that we had felt about their supposedly novel (i.e., 

that was our impression from what we had heard earlier — seeing only strengthened that 

impression), method of teaching science through experiments urged us to go there. Till 

then our knowledge about the programme was through piece-a-mill chance accounts from 

some friends and scattered fragmentary reports appearing in a section of the press that we 

had come across intermittently for last two/three years. Our original plan was to stay for 

one week only. But we ended up by staying for the total duration of the programme — 

for three weeks. How much of that was due to any real charm that the programme might 

have possessed and how much due to our possible easy susceptibility to hypnosis (a 

                                                
§
 Kalidas is considered (by scholars and laymen alike) to be one of the most enchanting and 

insightful poets and dramatists in the Sanskrit (the classical language of India), rich in profound 
literary and philosophical works in Ancient India. In popular notion, he is believed to be among 

what was called “Nava-ratna” (meaning “Nine Gems”), i.e., nine shining cultural figures of the 

time, illuminating the court of  Vikramaditya, a legendary king of Gupta dynasty (approximately 
320 to 550 AD), famed for his special affinity for culturally gifted personages, and having his 

capital in Ujjain, India. There is lack of consensus among historians about the exact period of 

Kalidas’ lifetime. There are legends galore around him (including a particularly popular one 

which tells that he underwent miraculous transformation from an idiot to a genius through 
blessings of Devi Saraswati, a female deity, representing learning in the tradition of Hindu 

pantheon). In popular mind, the ancient city of Ujjain (which to this day is full of remnants of 

innumerable places of worship from hoary past), standing on the bank of  river Shipra (referred to 
in ancient literature)  and the name of Kalidas is inextricably linked up. Hence the allusion. 
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danger which is ever present in possible absence of a sufficiently mature mind) — well, 

we cannot of course be the best judge to decide on that. But there is no denying that we 

liked our stay. And the feeling evoked by the discovery that an educational programme 

for pre-secondary school can be educative for us, the persons with their school days a 

score of years and more behind, as well, was not at all bad — at times we felt sort of 

wildly jubilant even. That of course does not mean we failed in so easy a job as to find 

some faults with the programme or that no note of interrogation appeared below our 

skull. But in the garrulous outpouring in the following pages, there is not much about 

deficiencies or shortcomings. Rather we have primarily tried to share with our readers 

what we liked and the feelings and thoughts that our experience evoked. If the readers so 

desire and the editorial board does not forbid, doubts and deficiencies can be talked about 

later. We also must warn that this account in snapshots have no claim to completeness, or 

finality. Most one may expect to get from the present account is a nodding acquaintance 

with the programme, i.e., its specificities, strength, weakness etc. Some inaccuracies in 

facts and ideas may have also crept in. We express our gratitude in advance to those who 

would take the trouble to point those out.     

 

 

“… an educational programme for pre-secondary school can be educative 

for us, the persons with their school days a score of years and more 

behind, as well …”  

 

 

 

Before we start the story, it is necessary to remind the reader that here the “learners” 

are teachers of middle (i.e., class VI to VIII), secondary (i.e., class IX & X) and higher 

secondary (i.e., class XI & XII) schools or sometimes sections of the same school. Many 

among resource persons also belong to the same category.  But latter also include some 

present or former (not due to age but by choice) College and University teachers as well 

as research and other scientific workers. The training was on what the pre-secondary or 

middle school teachers in science would teach and how.   
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Eggs, Chicks and Chicken Legs 

 

A refreshingly cool morning, bathed in the soft rays of the early sun, bearing a 

pleasant contrast to the stuffy, sultry Kolkata of early June, from which we had started 

only a few days ago. During a friendly chat with a teacher later we came to know of a 

local epigram: “Malwa is a region of eternal spring and indolent people”. Ujjain is in this 

Malwa region, which forms a part of Madhya Pradesh. Relatively higher altitude of the 

region explains its temperate climate. As to the “indolence”, the epigram seems to reflect 

more a healthy and mildly self-deprecatory sense of humour than any actual reality. 

During our brief stay, people appeared to suffer not from any excess of indolence as 

compared to other regions we know of but from a surfeit of  heart — warming, sincere 

courtesy at least towards outsiders like us.  But I digress. 

 

Six classes are continuing in different rooms.  

 

Daily time schedule for trainees is from 7 AM to 12 noon with a half an hour break 

in between. For resource persons/trainers (interchangeably used in what follows) there is 

another compulsory afternoon session called “feedback” meeting at 3. There day’s class-

wise reports are made, discussed, analyzed, evaluated  and criticized in an extraordinarily 

free, frank and vigorous manner, sometimes generating a lot of heat in the process. And 

then necessary decisions, if any, to change/modify next day’s training works, in 

continuation of preceding day, are taken. The feedback meeting is scheduled to end by 6 

in the evening, but more often than not it continues long after that. 

 

THE FIRST DAY OF THE EXPERIMENT(S)  

 

We enter one class. About thirty adult trainees (school teachers in middle schools) of 

both sexes scattered in small groups (called “Toly” in the programme jargon) of four each 

along with three/four resource persons are sitting around on cotton mat covered floor. 

There is no chair in the room. There is one table used to put some of the materials for the 



KARKE DEKHAA, SAMAJH GAYA                                         SUBHAS CHANDRA GANGULY (2010) 9 

experiment that is going on. From mere look of the classroom it is not possible to 

distinguish trainees from the trainers.  

  

During discourse on any subject, one resource person is usually the bandmaster, so to 

speak. Others in the class pick up, strengthen and add variety to the tune by questions, 

suggestions, additions, alterations and altercations — yes, you heard it right, by 

altercations!  But quite often there is more than one bandmaster too. And the resource 

group usually includes one whose particular responsibility is to ‘tell upon’, so to say, the 

performance of the bandmaster(s) back in the feedback meeting!  Sometimes, though not 

often, during the feedback meetings, others have to intervene when exchange between the 

bandmaster of some class and its feedback reporter becomes enjoyably hot! 

 

Exchanges both at the class and feedback meeting are in Hindi (the vernacular of the 

region) sprinkled with English words of technical nature. 

 

The resource persons along with some from among the trainees distribute 

instruments/tools/equipments and experimental materials among Toly’s, each getting one 

complete set. The usual English word “kit” is used to describe the set. 

 

Each such kit in this class today consists of one polythene bowl and one plate (with 

raised end), a piece of ordinary cotton, a small tong, a plastic dropper, a small knife, a test 

tube, and a small hand-lens (i.e., a magnifying glass). As experimental materials each 

Toly was supplied with a pair of chicken eggs — one raw, another boiled. Through 

exchanges among learners and resource persons it clearly came out (most of the school 

teachers appeared to be already aware of it) before the experiments started, that inside of 

any freshly laid single egg is really one single animal cell. But obviously, as compared to 

the even bigger (relatively speaking) among those cells which are looked upon as the so-

called ‘building blocks’ of any life form, animal or plant, a chicken egg is really a very 

interesting example of how much more big a single cell can be. The former kind, of 

which the animal and plant bodies are formed are usually found as groups of contiguous 

cells (and not in singles) and can be identified from one another only through 
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microscope, whereas for even  a single chicken egg, naked eye is enough. Also, the very 

existence of  the later kind (i.e., chicken eggs)  underlines the interesting and notable fact 

that in addition to those kind of cells, which are always part of a closely bound collective, 

cells of another kind, which are single isolated entities, are also found in nature. 

 

FIRST ROUND OF OBSERVATION (ON FIRST DAY) 

 

The resource persons themselves and, following their instructions, others start 

experimenting. A small cushion made of cotton is laid inside the small polythene bowl. 

The raw egg is placed on that cushion. A small part of the hard outer shell is broken open 

at the blunter tip end with the help of the small tong. The trainer cautions in advance 

against the possibility of inside materials pouring out of the shell. Everyone prepares a 

descriptive list of what can be observed (with naked eyes — which of course include eyes 

with specs on) within the shell through the opening just made. Along with others we too 

see a yellow or orange coloured, opaque round and flattened semi-solid substance 

floating on a transparent slippery colourless liquid, a semi-transparent screen-like 

substance just below and attached to the hard shell, evidently enveloping everything 

inside etc. Listing was followed by discussion, questions and answers on the names of 

these differently observed substances, their organic composition etc. For example:  

The transparent slippery colourless liquid — albumen,  

The yellow or orange coloured substance — yolk,  

Semi-transparent screen-like substance — membrane etc. 

The organic composition — protein, fat, vitamin etc. 

 

These led to the further discussion on structure of animal cell, as much as could be 

discerned through the observation in this very experiment. Any definite answer, as soon 

as arrived at, is being recorded on their respective “copy books” (called so and provided 

to each trainee and resource person). 
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OBSERVATION AGAIN  

 

This time, everybody examined whether anything more could be identified if seen 

through a hand-lens. A tiny whitish speck embedded on the yellow or orange coloured 

yolk was found in some of the eggs but not in all. Everybody recorded his or her 

observation and drew a rough diagram of the inside of a raw egg on the basis of 

observations in these two phases. It emerged through discussions that this speck-like 

substance is called embryo and that further developmental stages and changes through 

which it passes with time will be followed through the next days’ experiments. The eggs 

without this tiny dot were unfertilized ones, i.e., no chick will grow out of them. Many 

exchanged their experiences with one another. Quite an enjoyable discussion followed. 

There was humming all over the room — the exact opposites of what we used to call 

‘pin-drop silence’ in our childhood classroom experience. Far from the forbidding gesture 

of silence with the raised forefinger vertically across one’s lips, the resource persons-in-

charge of the classroom themselves added their voices to this din. Through such rather 

loud exchanges of ideas for some time, it came to our knowledge that many had observed 

that poultry eggs usually did not yield chicks (my humble self cannot vouch for the truth 

of this assertion). A guess was made that to get a larger yield of eggs cocks are not 

allowed to cohabit with hens (usually of Hybrid Variety) in poultry. On the other hand, 

the native ones of both sexes usually roam around quite noisily and have a good time 

without a care in the world. So, that explained the mystery of eggs without chicks.   

 

 

“Quite an enjoyable discussion followed. There was humming all over the 

room — the exact opposites of what we used to call ‘pin-drop silence’ in 

our childhood classroom experience.  Far from the forbidding gesture of 

silence with the raised forefinger vertically across one’s lips, the resource 

persons-in-charge of the class room themselves added their voices to this 

din.” 
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NEW EXPERIMENT 

 

The inside materials of the broken raw eggs are poured out into the saline water 

prepared earlier by dissolving common salt in ordinary water and kept on the polythene 

plate with raised ends. Before that, every Toly had collected a small amount of 

transparent colourless slippery liquid found inside the shell and had put it into a test tube. 

Why salt solution? It was explained that embryo lives longer in such solution as the latter 

helps continue the ongoing organic activities of the cell for some more time. In course of 

discussion, it also transpired that the ‘saline’ that many had seen being injected in the 

bodies of the patients at hospitals is essentially the same kind of thing as this salt solution 

and its role inside the body was also the same, viz., to help body cells to survive the 

inadequacy of such fluid inside the body for one reason or other. 

 

Next, everybody begins to look with their own eyes, naked or aided by the hand-lens, 

into other structural elements (like, e.g., mucous membrane, the sack for the deposition of 

excretory matters etc.), partly contained in the materials spread on the polythene plate 

and partly sticking to the inside wall of the now empty shell of the unicellular life unit 

called egg. Addition is made to the list and diagram prepared earlier and discussion as 

well as guessing on possible role of these latter elements continues.  

 

Now the boiled egg is shorn of its shell and cut into two equal longitudinal halves, 

which are symmetrical. A discussion based on comparison of what are found inside raw 

eggs with those found inside boiled eggs follows. There is some obvious correspondence 

between the two.  For example, the semi-solid, yielding, disc-shaped yellowish yoke 

inside the raw egg has hardened into a fully solid spherical mass of almost the same 

colour. The place, where an air sack (I forgot to mention it earlier) is attached to the 

inside of shell at the blunter tip end of the raw egg, shows itself as a small depression on 

the soft white body of the boiled egg in the same position  and so on. When heated over 
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the naked flame of an ordinary kerosene lamp,
**

  colourless transparent liquid, collected 

in the test tube earlier, rapidly transforms itself, before everybody’s eyes, into the soft 

solid white mass of the kind found in the boiled egg. So it is clear that the white part of 

the boiled egg is the albumen indeed. But some misgivings around one or two things crop 

up. For example, in the boiled egg, a light, thin, blackish border around whole of the 

yellow part, separating it from the white mass is noticed. Question arises as to what part 

of the raw egg changes itself, after being heated, into this thing. No clear-cut answer 

emerges even after considerable discussion. The resource persons themselves openly 

admit that they are unable to give the answer and would consult books for the purpose. I 

still do not know whether they could find the answer afterwards. 

 

THE SECOND DAY OF EXPERRIMENT(S)  

 

By this time, we (the two observers from West Bengal) become really curious about 

this serialized drama of eggs and so, are on look out for next Act to be staged. On the due 

date though not at due time, i.e., a bit late, we present ourselves at the same class. 

Distribution of kit materials is over. Yes, at the end of lesson each day trainees gather 

their kit materials in one place and resource person themselves, with occasional help from 

the trainees carry those back to kit rooms. These are again redistributed on next occasion.   

 

Implements are almost the same. As experimental materials each Toly has received a 

pair of incompletely hatched raw eggs. One was hatched for three days and the other for 

seven days. Hatching was got done in the artificial incubator in zoological laboratory of 

Bikram University situated nearby. In the village where these trainee teachers will go 

back to teach in their respective schools, easily available mother hens themselves would 

be assigned the job. 

 

As in the previous day, today’s task is also to break open the shells of the eggs one 

                                                
**

 The ones without any glass cover, widely used in rural household kitchen or in slums without 

electricity. Incidentally, the lamp was not in the kit supplied that day. One of the resource persons 
ran back to the kit room and brought as many lamps as Toly’s. 
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by one with care and pour out the content onto the saline solution and then to observe and 

record. So, the same is done. In case of the eggs incubated for three days, the previous 

day’s tiny motionless and almost colourless dot is found (through magnifying glass or     

even by naked eyes) to have been replaced by a crimson throbbing point, larger in size. 

Needless to say that only the fertilized eggs were incubated. As to how a fertilized egg 

could be distinguished from an unfertilized one, (to me at least both looked same) that is 

more than I can say and it is not discussed in the class.
††

 

 

Instantly, the room is filled up with muted sound of excited voices. We realize that 

the scene opened up is as new to them as it is to us. Through discussion it comes out that 

warmth of incubation had unleashed the process of growth and development in fertilized 

eggs and that the pulsating dot is the heart of the as yet unborn chick. So, on the basis of 

direct evidence, it could now be concluded that among all the organs of the body, heart is 

formed first and but for a transparent membrane there is no other cover over it at the 

beginning. 

 

Next, the eggs of seven days’ incubation are opened and examined. A narrow fleshy 

                                                
†† In this connection, Sudipta Saraswati adds the following, collating from writings by several 

anonymous authors available on the Internet, the link to one of which is cited at the end of this 

footnote:  
 

In order to see the difference between fertilized and unfertilized eggs, we check each egg by 

holding it against a bright light, so that we can see through the shell. This process is called 
“candling” from the days when a candle provided the source of light. We can practice this at 

home by using a bright flash light in a dark room. After we see through, the unfertilized egg’s 

yolk will be seen as a dark round thing. But in fertilized egg’s yolk, there will be some red thread-

like structures coming out from the yolk. Usually we do this candling process after the egg is 
being kept in the incubator for three days after egg laying because there is very little to see for the 

first few days. Only after three days one starts seeing some changes. An anonymous observer 

reported: “At about eight days, [one] can see the peep wiggling and kicking in his egg.” An editor 
of the magazine New Scientist rightly commented: “Try it [egg candling] at home — you'll be 

surprised how much of the inside of an egg you can see ...”. Another relevant comment by an 

anonymous author: “It is something best learned by doing it, and really is just as simple as you 
make it”.  

See, for example: 
http://wiki.answers.com/Q/How_can_you_tell_the_difference_between_fertilized_and_unfertilized_eggs 

accessed on January 10, 2010. 
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neck has grown out of the yolk and on it at the upper end has appeared a pair of large 

protruding eyes. Just below the eyes, a slightly projected and relatively hard object, 

looking almost like, but not quite, a beak with its sharp tip is visible. In case of some eggs 

the pulsation of heart was visible but not in all. And the most exciting thing was — on the 

body of the yolk and embedded in it had grown thread-like structures, branching off into 

innumerable directions which have enclosed the yolk in their apparently irregularly 

woven net. Some of these ‘threads’ were deep red and others were whitish, light blackish 

or bluish. I am unable to say which were greater in number. But the red ones seemed to 

dominate, if only for brightness, in contrast to the dullness of the rest. Volume of the yolk 

had visibly reduced and a rather large (relatively speaking) transparent colourless sack, 

coming out of the yolk was floating on the transparent albumen spread over the polythene 

plate. Some greenish substance had accumulated at the bottom of the sack. 

 

 

“A vibrant session, animated with speculation, guess and questions 

follows. One or the other of the resource persons is just casually tossing 

around some questions intermittently, thus helping to maintain 

momentum and relevance of these exchanges. … Trainees are also 

helping one another and many of them do not appear to be any the less 

able than their trainers.” 

 

 

A vibrant session, animated with speculation, guess and questions follows. One or 

the other of the resource persons is just casually tossing around some questions (on the 

possible role and future of the observed new structures) intermittently, thus helping to 

maintain momentum and relevance of these exchanges. Also, they are moving around to 

see for themselves whether this, “Operation Egg”, so to speak, is successfully performed 

by each Toly and to help if it is not. Trainees are also helping one another and many of 

them do not appear to be any the less able than their trainers. On our part, we also cannot 

remain mere passive onlookers and get quite easily mixed up in that noisy crowd and try 
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to participate as much as is possible by unskilled persons. We forward the tong to 

someone, fix our eyes on the hand-lens of some other and so on. And though so far our 

relationship with eggs was strictly confined to relish its taste and then gulp it down 

(perhaps slightly inaccurate description, for, at class three or four, I remember to have 

learned by rote, as part of school lessons on nature study, the shape, size and colour of the 

eggs of robins, fish-tailed bird etc., though apart from chicken, duck, pigeon, lizard and 

cockroach eggs I do not remember to have seen any other egg) and in spite of our poor 

grasp of Hindi (all the exchanges within the class are in Hindi) we can not check the 

temptation to put forth our naïve remarks with great enthusiasm.  

 

Through these lively and sometimes hot exchanges the conclusions begin to emerge 

one by one in clearer forms. Stimulated by the appropriate level of warmth (if eggs were 

left as such or kept in hot water for example, the temperature level would not be within 

the range of necessary upper and lower limits); the embryo was rapidly advancing on its 

way to become a full-fledged member of chicken fraternity. Of course, for the particular 

eggs under observation the journey is over, for we have irretrievably shattered the safe 

shelter of which the embryo was an integral part, thus exposing it to a complex and 

unkind environment before it acquired the ability to cope with the same. On its onward 

march to growth and development, it drew its nourishment from the yolk, thus reducing 

latter’s volume, as observed. The nourishment was drawn through those thread-like 

structures with their openings deeply buried inside the flesh of the yolk. So, these threads 

are nothing but newly born arteries (red ones) and veins (non-red ones). Through 

discussions it becomes gradually clear that cell-multiplication (growth of the body in 

volume) and cell-differentiation (growth of dissimilar looking cells from the similar 

looking ones) are the two essential process of growth and development of  living 

organisms — the flesh of the neck, eyes, arteries, veins and red corpuscles within it are 

all built up of different kind of cell. That the Oxygen, necessary for assimilation of the 

nourishment (the necessity was partly known, not from the current experiment but from 

books and partly from earlier experiments under different headings) was supplied by the 

air sack, observed earlier, is agreed upon to be quite a logical guess and is found to be 

true from books. The guess that the greenish substance deposited within the transparent 
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sack is excretory substance is also supported by what books say. It is noted that its 

storage within a secure non-permeable sack prevented it from causing ‘environmental 

pollution’ within. At every stage, sketches and the agreed upon conclusions continued to 

be recorded by each participant. The class ends with anticipatory suspense for what new 

scene will be revealed when curtain rises on the next Act.   

 

THE THIRD DAY OF EXPERRIMENT(S)  

 

The third and last day of the continuing experiment arrives. Eggs of ten days’ 

incubation are broken open. The main part of the body of the chick has revealed itself 

quite unmistakably. Presence of skeletal structure inside its various organs is quite 

evident. Last time it was not so obvious. The beak which was only namesake last time is 

now the quite hard, familiar beak of a bird. The pair of eyes is as protruding as before. 

The heart has totally vanished somewhere inside the body. The nourishing yolk is smaller 

and excretory sack for collecting the body waste has swelled with more of that greenish 

thing inside it. Last time the whole thing might be passed as the formative stage of any 

bird. This time contour of a chick is quite obvious. So, the growth and developmental 

processes of the chick embryo has progressed further. 

 

It will not be out of place to remind the absent minded readers like me the obvious, 

viz., that different stage of the growth and development of the chick is being observed on 

different egg. Opening any egg means ending its life.  

 

What especially attract attention in these incompletely formed chicks from eggs 

incubated for ten days, are two horizontal pairs (one pair above the other at some 

distance) of blunt straight fleshy organs projected out of the trunk of the half-formed 

chick. What are they? From the familiar shape of a full grown chick after their birth, the 

guess (after a lot of discussion and speculation) that notwithstanding their present similar 

appearance, they are fated for different future seemed quite reasonable. So, the 

conclusion was that the upper pair was going to grow into a pair of wings and the lower 

pair into legs.  
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Quite naturally and contextually ensues a discussion on how, through this brief 

journey from embryo to full bodied animal is telescoped the stages of evolution of life on 

earth spanning millions of years and thus how this reflection of past in the mirror of the 

present helps us to grasp the contour of that evolving past. The concrete, credible and so 

acceptable a form, that this discussion could assume due to the presence of the freshly 

opened egg before the very eyes of all, is inconceivable with only the standard diagram of  

‘evolutionary tree’
‡‡

 in books before one’s eyes. But after such an experimental 

experience, same dead ‘tree’ may become more alive and communicate the underlying 

message behind the diagram better. 

 

A discussion around rather a funny problem follows. Someone from among the 

learners raises the question: Why do the eyes in the half-formed body of the chick look so 

large?  Yes, these still look so. Why is it not so in a new born chick after birth? Even the 

eyes of an adult chicken look smaller. Is it possible that while the other organs of the 

body go on enlarging, a reverse process of reduction is set in motion in case of eyes? 

Everybody feels that this is, to say the least, an unlikely proposition. A more or less 

tentative conclusion is reached that for some reasons, not clearly understood, eyes grow 

much faster at the beginning. Later, growth rate of other parts of the body catch up with 

that of eyes and soon surpasses it. In the fully grown body of the chick eyes no longer 

look so big, because, by that time other parts are proportionally much bigger. 

 

 

                                                
‡‡

 ‘EVOLUTIONARY TREE’: It may not be out of place here to draw reader’s attention to an 

unintended ridiculously meaningless/misleading impression the standard picture of this so-called 
‘evolutionary tree’, (as displayed in most of the school textbooks here in India), may convey to a 

school-age child reader, naturally not well acquainted in advance with what the picture may stand 

for. In such a standard picture, earliest/oldest life forms are seen to ‘sit’ on the lowest branch of 
this ‘tree’ and then later forms are seen ‘sitting’ progressively on higher and higher branches in 

that order, ostensibly implying a rough parallelism with growth of the branches of a tree where, 

generally speaking, as the tree grows upward with age, later branches are likely to grow/appear 

higher and higher. Now, it is not unnatural for a child (or for that matter even for an adult, not 
familiar with the subject) to miss the parallelism and if missed, then these ‘sitting’ life forms, for 

all practical purposes may appear to be ‘fruits’ of the tree! A very exceptional or ‘prodigy’ of a 

tree which bears different fruits in its different branches! I don’t know whether some other less 
confusing picture may be thought of to convey the idea of evolutionary stages of life form. 
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THE END AND THEREAFTER 

 

Experiments on egg, embryo and chicken end here. It is considered unnecessary to 

show fully grown chicks as these are familiar to all. The three days that the experiment 

took were not consecutive but were scattered over three weeks. The subject heading of 

this experimental lesson was “Vikaash” (growth in volume/size as well as development of 

new kind of cells and new organs) — the growth and development of living organisms 

and not that of egg, embryo or bird in particular. Under the same heading, we saw 

experiments spread over a number of days being conducted in the same manner on 

germination of seeds and growth and development of plants, though I was not present in 

all of those classes. The lesson was included in the curriculum for class VII. It goes 

without saying that this was one of those lessons which particularly excited me. Even my 

friends, back in Kolkata, having formal training in life sciences (which I don’t have and 

so would be gratefully stand corrected if any possible error of commission or omission is 

pointed out) appeared quite excited by the account and informed me that at no stage of 

their educational curriculum they had any opportunity to observe growth and 

development of  a living organism from such close range. If readers do not feel the same 

excitement, that may be due to ‘quality’ of my reporting. 

 

 

“Even my friends, back in Kolkata, having formal training in life sciences 

(which I don’t have and so would be gratefully stand corrected if any 

possible error of commission or omission is pointed out) appeared quite 

excited by the account and informed me that at no stage of their 

educational curriculum they had any opportunity to observe growth and 

development of  a living organism from such close range.” 

 

 

The task assigned to the teachers taking this training is to ensure, as far as possible, 

for their pupils the same process of exchange through which they themselves have passed 
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while going through the lessons. Question of course remains as to how far they can and 

really do it. But as the training was during summer vacation we had no scope to get first 

hand knowledge about it. So, as the unsatisfactory alternative we tried to compensate for 

this through our talks with trainee teachers and other activists of Eklavya. The conjectural 

picture that emerged out of these hearings may be presented on some other occasion.  

 

But even from this rather isolated example of exchanges on lessons some of the 

characteristics and possibilities (not all realized there) of this programme cannot escape 

notice of even a person as uninitiated as I am into the intricacies of pedagogy. What 

follows (PART TWO) is an attempt at a ‘post-mortem’ analysis of what we saw over there, 

treating the example presented above as a typical one of a host of others conducted in the 

same manner.  

 

Even in abler hands, analysis of any experience is likely to be far less interesting 

than the account of the experience itself. So, I cannot promise better than ‘dry as dust’ 

dissection exercise and can hope indulgence from only those whose patience has not been 

taxed beyond endurance, by preceding, shall we say, rambling account. 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Article excerpts that appear in boxes were selected by Sudipta Saraswati.] 
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Karke Dekhaa, Samajh Gaya  
 

PART TWO:  A ‘Dry as Dust’ Dissection Exercise of 

PART ONE 
 

      

 

Subhas Chandra Ganguly
§§

 
 

 

 

 

 

 

First Phenomena, Then Laws 

 

Though usually learners know the subject heading of the lesson beforehand (for 

example, here it was under “Growth and Development” — “Vikaash”. Another may be 

under “Prakaash”, meaning Light and so on) there is no attempt to give any abstract 

definition of this concept to begin with. Instead, the inauguration is through handling of 

(i.e., experimenting with) some articles gathered from surroundings almost playfully. 

                                                
§§

 Copyright (c) 2010 by Subhas Chandra Ganguly. This is an open access article distributed 

under the terms of the Creative Commons Attribution-Noncommercial-No Derivative License 
(see http://creativecommons.org/licenses/by-nc-nd/3.0/us/), which permits anyone (if he/she so 

wishes) to share this article, provided (1) the distribution is only for noncommercial purposes, (2) 

the original author and the source are attributed, and (3) no derivative works including any 
alterations are made. For any distribution, this copyright statement should also accompany the 

article without any alteration and in its entirety. 

 
PUBLICATION HISTORY: PART TWO of this article was originally written in Bengali and first 

published in March-June, 1986 issue (9
th
 year, joint 5

th
-6

th
 issue) of Biggan O Biggankarmi, a 

non-commercial Bengali periodical which is being published from Kolkata (West Bengal) till 

now. Interface of science and society was and is the running theme of the magazine. 
 

This is a free translation of the original (with some addition/deletion/alteration and 

rearrangement) article by the author himself.  
 

This English translation was first published in the website, Writings of Subhas Chandra Ganguly 

(http://sites.google.com/site/subhascganguly/writings) on January 15, 2010. Last edited on July 
15, 2010. E-mail: subhas_ganguly@yahoo.co.in 
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Most of these are familiar and possibly some are not equally so. This means, among other 

things, the young learners are spared the compulsion of near impossible, unwarranted, 

fruitless, painful and so intimidating effort of unraveling a host of meaning, compressed 

within the brief technical statement of most of the laws and theories without any 

experience of the phenomenal background, which in the first place, gave rise to the 

concerned laws or concepts. Instead, possibility is being generated of arousal of advance 

curiosity and animated anticipation about what is going to happen. And mind you, this is 

no idle curiosity but an active and alert one. For, everybody is participating in the 

experiment. Nobody is just gaping at what is happening. Next, at every stage of the 

experiment, deeper reality behind the phenomena is being uncovered and disentangled 

layer after layer, which, in its very nature is abstraction. So, the trainee learns the natural 

sequence of what may be called ‘Scientific method’, viz., first observation, then 

abstraction and learning, not through mere listening to a discourse on that, but through 

doing it that way. 

 

 

 “… the young learners are spared the compulsion of near impossible, 

unwarranted, fruitless, painful and so intimidating effort of unraveling a 

host of meaning, compressed within the brief technical statement of most 

of the laws and theories without any experience of the phenomenal 

background, which in the first place, gave rise to the concerned laws or 

concepts.” 

 

 

Panegyric to Familiar Articles 

 

Most of the articles are from everyday life and, so, are simple, familiar and — this is 

important — cheap as far as practicable. Here, for example, these were things like 

polythene container, cotton, small tong, common salt, water etc. It is difficult to exhaust 
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the virtues of this homely substitutes (whenever that is practicable) for complicated, 

exotic, and costly looking instruments and materials and the benefits that these can bring. 

It would be enough for the time being if we enumerate a few of the principal ones.  

 

First of course the question of cost comes to one’s mind. Just because these are 

cheaper, a lot more number of instruments and materials can be prepared without much 

cost. So, the possibility of financial crunch becoming an obstacle to the learning through 

direct and active participation (as opposed to through mere observation) is lessened. That, 

by itself, is a very important consideration for taking scientific experiments to rural India 

or urban slums. 

 

But, if one’s attention gets stuck there and does not go beyond, then the practice may 

appear to be appropriate only when, under financial crunch, there is no other choice and 

so should be left on the wayside as a poor substitute with arrival of prosperity. But I did 

not feel so. Rather I felt it to be a better course of action even for the educational centres 

which can afford costlier ‘proper’ laboratory equipments. And even in the eventuality of 

appearance of ‘golden dawn’ of a new society, science education should be introduced 

through this selfsame nature of instruments and materials. Why? Well, I am trying to 

explain.  

 

It brings into focus the fallacious unuttered notion, raised, through institutional 

laboratory practices, almost to the level of unalterable faith, that supposedly ‘serious’ 

activity called ‘scientific experiments’ needs to be matched with instruments and 

materials, which must always be distinctive in their appearance and use. To put it in a 

slightly different way, it emphasizes the obvious that any special ‘laboratory’ (i.e., a 

special place for experiment) flavour is not essential, though there is no taboo on any 

typical laboratory instrument either, e.g., use of test tube here. Rather, the direct 

experience, that the many of the non-special non-laboratory articles of our daily use too 

can serve the purpose, can break through or prevent the generation of apparently 

‘faraway’ or ‘mysterious’  look of  scientific experiments, thus  paving the way for easy, 

comfortable relationship with the  latter.   
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This mental ease during the act of learning can help foster the invaluable habit of 

unflustered, cool, self-confident (not to be confused with self-complacent) journey in the 

arena of science. Even the learners themselves may feel emboldened to invent or discover 

appropriate instruments/equipment on their own, thus allowing their creative self  to 

come to the fore.   

 

For example, while there, we came to hear of an interesting incident illustrating the 

case in point. In one village school, during some experiment, there was no big, thick 

needle at hand, required for making holes. These were not available in the small grocery-

cum-stationary shop in the local village either. The experiment was about to be 

abandoned for the time being at least. Then suddenly one adolescent was struck with the 

idea of using Babul Kanta (a kind of big, hard, thick thorn grown on the branches of 

Babul tree) which was available in millions in the rural areas of the region, for the 

purpose. From then on Babul Kanta became a necessary part of the Eklavya kit. New 

experiments grew, where Babul Kanta would be more appropriate a tool than needle. We 

have seen in our own eyes the large number of ways in which this Babul Kanta was being 

used. 

  

In this connection, I cannot check the temptation to quote Dr. Norman Bethune, a 

Canadian surgeon (as well as an innovator in chest surgery tools) during first three 

decades of last century, who won the heart of millions of citizens of our neighbouring 

country China with whom he, in his capacity of a surgeon, shared their valiant fight 

against Japanese aggression during the Second World War and died at the post
***. He 

took his improvised operation theatre right into the battlefield for treating wounded 

Chinese soldiers engaged in fighting Japanese invaders during the Second World War. 

Before that he had been in Spanish civil war on behalf of the Republicans and took the 

blood transfusion technique into the very heart of the battlefield, thus saving innumerable 

lives. He was often heard to say: “The surgeon, who can’t see the hints and answers that 

                                                
***

 He died out of septicemia — virulent infection of blood. Necessary medicines could not reach 

him because of Japanese blockade of the area he was in. Thousands of miles away from his home 

and across the sea (Pacific), Chinese people over its vast territory deeply revere and love him as 
one of their own who gave his life for them. 
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nature and the world thrust into his face should be digging ditches, not massacring the 

human body”. An example from his own practice may illustrate what he meant in his 

precept. While still in Canada, he developed a widely successful surgical tool, named 

after him (“Bethune Rib Shear”) later, out of a shoemaker’s device for cutting nails out of 

shoes. Earlier, he had been feeling dissatisfied for sometime with the imperfection of the 

rib cutting instrument(s) available till then. His attention was drawn to this shoemaker’s 

tool, while collecting his shoes (after repair) from the shoemaker and the possibility of its 

future transformation immediately struck his imagination. He bought it from the 

shoemaker and brought it home and jokingly declared it to be “a gift from United Shoe 

Machinery Company to the operating theatre”, before the surprised eyes of his wife 

Frances (they were separated later), who naturally could see nothing else but a “vicious 

looking tool” in it. Dr. Bethune’s response was: “Precisely, a vicious looking tool. And in 

two weeks time it will be a pair of nice, shiny rib shears that will simply sing through 

ribs” (Reference 1). And it did. 

 

We are quite sure that, that anonymous (unfortunately so — none over there seemed 

to know/remember his name) adolescent discoverer of new utility of unimpressive dull 

looking Babul Kanta would have won hearty appreciation and love from Dr. Bethune, 

had they met each other.  And, with slight and appropriate modification in context and 

professional reference, is not the essence of what Dr. Bethune said is applicable to all 

among us who are engaged in one scientific profession or other? 

 

 

“Science stands for a magic-chamber of middle-age vintage called 

‘laboratory’. There, very sharp, clever and magic-wise fellows with flowing 

robes practice different tricks beyond the reach of common folk with the 

help of very complicated looking instruments and rare ingredients.” 
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Taking the liberty to use perhaps some inexact simile (if taken literally) or deliberate 

exaggeration if you will, my own experience tells me that depending on the mental make-

up, social-cum-institutional environment and  personal position and experience, some one 

or the other (no two at the same time) of the following  un-uttered inhibitory  perception  

is  quite widespread: 

(1) Science stands for a magic-chamber of middle-age vintage called ‘laboratory’. There, 

very sharp, clever and magic-wise fellows with flowing robes practice different tricks 

beyond the reach of common folk with the help of very complicated looking 

instruments and rare ingredients. 

 

(2) Science stands for a sacred chamber of meditation called ‘laboratory’ where very 

‘meritorious’ students and researchers are busy with search for ‘ultra-pure’ truth. 

Many of them win various awards from time to time. 

 

(3) Science stands for a torture-chamber called ‘laboratory’ where one has to undergo the 

labour-pain called ‘practical class’, which never yields result in conformity with 

books — not even to ‘meritorious’ students. So, one cannot help resorting to back-

calculation (to bring in that targeted conformity), which if detected, creates scandal 

and brings forth retribution. 

 

 

“Science stands for a torture-chamber called ‘laboratory’ where one has 

to undergo the labour-pain called ‘practical class’, which never yields 

result in conformity with books — not even to ‘meritorious’ students. So, 

one cannot help resorting to back-calculation (to bring in that targeted 

conformity), which if detected, creates scandal and brings forth 

retribution.” 
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Alternative to this kind of perception is the wholesome, necessary, realistic and 

beneficial idea that search for deeper reality behind the apparent, through what is called 

‘scientific method’, can and should preferably begin with the things that lay inside and 

around our home and neighbourhood as much as practically possible and that this search 

is not at all a fearsome, somber, monotonous process but rather an exploration, a journey 

(requiring quite hard labour) full of excitement and joyous anticipation and inevitable 

periodic sense of failure and moreover, a process, in which all of us can participate and is 

not reserved for any special kind of person(s). There can be little doubt that familiar (as 

far as practicable) articles and tools from everyday life not having any special 

‘laboratory’  flavour can be one of the important elements in conveying such message to 

learners from the very beginning. 

 

 

“The search for deeper reality behind the apparent can and should 

preferably begin with the things that lay inside and around our home and 

neighbourhood.  This search is not at all a fearsome, somber, monotonous 

process but rather an exploration, a journey (requiring quite hard labour) 

full of excitement and joyous anticipation and inevitable periodic sense of 

failure and moreover, a process, in which all of us can participate and is 

not reserved for any special kind of person(s). Familiar articles and tools 

from everyday life not having any special ‘laboratory’ flavour can be one 

of the important elements in conveying such message to learners from the 

very beginning.” 

 

 

The very important basic idea that tools of experiment are nothing but the means of 

extending the nature ordained limited capacity and power of our limbs and sense-organs 

can most convincingly and easily be communicated through non-complex and not-too-
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sophisticated instruments, so long as these serve the purpose, that is. However, any 

discussion about this role of instruments did not come to our notice there. 

 

See Well, Listen Well, Smell Well, Touch Well               

 

At every stage of unraveling the deeper reality behind the apparent, emphasis is on 

minute and detailed observation of  all those aspects of experiment under progress which 

are accessible to our senses. So, the trainees are learning it first hand that beginning and 

basis of our understanding of natural world/environment lie in the things and 

phenomena, directly accessible to our senses ( aided or un-aided), and not in any abstract 

or a priori idea. Trainers’ main responsibility here is to help trainees perform the 

experiments with necessary skill and care on their own and not to perform it on their 

behalf as if to entertain them like magician. While observing and recording, attention is 

also drawn, as and when necessary, so that no details are neglected as inconsequential 

beforehand. As far as possible, no hints are given beforehand as to what observations are 

expected. If some piece of observation escapes attention, only then it is being pointed out. 

This easily reveals the differences among trainees with respect to their present propensity 

of detailed observation and so necessary and appropriate guidance can be offered. 

 

 

 “At every stage of unraveling the deeper reality behind the apparent, 

emphasis is on minute and detailed observation of all those aspects of 

experiment under progress which are accessible to our senses. So, the 

trainees are learning it first hand that beginning and basis of our 

understanding of natural world/environment lie in the things and 

phenomena, directly accessible to our senses (aided or un-aided), and 

not in any abstract or a priori idea.” 
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The first practical lesson, on the very important theme that even the old familiar 

things may have aspects which had escaped our attention earlier, can thus be conveyed 

through such session of intense observation. And we all know that a necessary pre-

condition for discovering the new in the old is pre-awareness of this possibility. If the 

trainer is genuinely interested and understanding, from the very beginning a climate as 

enjoyable and thrilling as gathering ‘clues’ in some crime situation in a crime-thriller 

may be generated with the slight difference that there is no super-intelligent, slick sleuth 

present here. Nor there is any smell of any misdemeanour. Instead, everybody here is 

detector of the clue. And clues relate to some interesting/exciting events of nature. 

 

Then Go Beyond and Behind, Think, Imagine and Ask the Person(s) 

with Three Heads 

    

So long as the phenomena can be followed and perceived through use of sense 

organs, no recourse to any guess or imagination is taken. So, if the trainer draws the 

attention in appropriate manner, then the necessity to go on developing one’s skill in 

using one’s sense organ can gradually be realized in a very concrete manner. And then 

and at the same time learners learn through their own practical first hand experience, that 

to properly disentangle and realize different inter as well as intra relationships, hidden 

behind the observed facts, use of our faculties like intelligence and imagination is also a 

must. So, using these faculties or exercising their brains is as much a necessity as 

acquiring skills in the use of our sense-organs and limbs. For example, in this particular 

experiment, only use of intelligence and realistic guess could lead to the understanding 

that upper one of the two pairs of almost similar looking parallel organs of chick found 

inside eggs, hatched for ten days, is likely to be transformed into wings and the other pair 

into legs. Or to take another example, the possible reasons behind the observation that 

poultry eggs usually do not yield chicks could be arrived at only through simultaneous 

exercise of capacity of observation and faculty of imagination. 

 

It goes without saying that in science-teaching at middle or pre-middle school levels, 

scope for indulgence in far-fetched scientific imagination is severely limited. Even then 
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and in presence of an empathetic and understanding teacher, it may not be entirely 

impossible for learners to be as much imaginative as is required, for example,  to  have at 

least a gross overall understanding  of  evolution  of life  as reflected in the evolution of 

embryo in chicken’s egg. This way, there is not likely to be any one-side stress on ‘only 

observation’ or ‘only imagination’ and seeds of a desirable balanced habit of mind can be 

sowed during the very childhood and adolescence. 

 

In the same context, and through examples, this notion may also get clarified that to 

realize all the implication of  the processes under observation/experiment, it is not enough 

to confine ourselves to our own necessarily limited current observations, analysis and 

guess or imagination. In many situations we have to know about results of others’ 

observations too. In other words, to have fuller and greater clarity on the meaning, import 

and importance of the signals reaching us through the gateways of our sense organs, we 

must acquaint ourselves with or go to the ideas and wisdom, encompassing wider fields 

of vision, arrived at by ‘the old and the wise’ (persons with ‘three heads’ — meaning the 

old who, weighed by age bring their head and raised folded knees together while sitting), 

i.e., by our predecessors. And for that we need to go to books. Even when such wisdom 

cannot be assimilated at any single phase, some pointers, outlines and hints are also very 

important. Needless to add that none of these wider notions can grow out of only one or 

two experiments. This is possible only when the same method is followed in experiment 

after experiment — that we found being followed in the teachers’ training camp at least. 

 

Look Hither and Thither 

 

Everything, which one can know in the natural context of the chief subject under 

discussion, should be encouraged to emerge, even if it does not come under the direct 

purview of the latter. Like, for example, the life-saving role of saline water inside the 

body that was discussed here. 
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Then Draw Your Inference and Arrange Your Words (Formulation) 

 

The free continuing  exchanges  around  the experiences being gathered  during a 

number of experiments, all designed to contribute in bringing clarity to the main concept 

(here it was growth and development of living organisms — “Vikaash”), is, likely to give 

rise gradually, in the learners mind, to at least a  faint or vague outline and/or some 

glimpses of what these are all about and of the associated scientific laws and their 

possible role in nature. For example, it was mentioned in the first part that observation on 

germination of seeds and their gradual transformation into sapling was also under the 

purview of the Chapter on “Vikaash”. 

 

Lastly,  keeping in mind  the age, limited vocabulary and limited skill in composition 

of the learners, when an abstraction is being formulated from the shared experience and 

observation —  and being formulated jointly by the trainer and the trainee together and 

trainer is not unleashing some hidden knowledge from secret recess of his mind, on the 

learner, nor he is uttering something sounding like chanting of some ill-understood, 

obscure  mantras —  then this abstraction, despite it being so, may be  felt like something 

almost tangible. Here, for example, the two basic characteristics of growth and 

development that gradually emerged out of the experiments are: (1) change and 

differentiation in forms and (2) increase in volume through multiplication. Naturally, all 

such steps are contributing to enrichment of scientific vocabulary, capacity of 

formulation with associated expansion of inner world of perception. 

 

“Discovery” is Preceded by Free, Frank and Uninhibited Exchange 

 

Experiment-observation-analysis, guess-speculation-inference — that the learning 

process laid out in this sequence is not just a unidirectional flow from giver (the 

teacher/trainer) to the taker (pupil/trainee) has, hopefully, emerged in bold relief in the 

drama as around the egg, depicted above.  
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In this whole process one of the principal tasks of the trainer/teacher is to stir up or 

provoke discussion from time to time. This he/she does by throwing pointed question(s) 

around things or processes under experiment/observation. The four volume textbook, 

following which these experiments are conducted, contain samples of such questions (no 

answer please), in a definite sequence, which should follow or accompany the different 

stages of an experiment. The learners engaged in experiments are expected to be able to 

answer such questions from experimental or other collateral observations, from analysis 

of one or other previous experimental observations and/or from realistic guesswork, 

shaped by experiences both inside and outside the specific experiments.  

 

But even before seeking answers to questions set before them, they are encouraged 

to formulate the very questions they should seek to answer, i.e., the questions that are 

provoked as a matter of course by the observations at hand. This is training in skill of 

both observation and abstraction.  

 

At the end of such session, if the questions, thus coming to the fore, do not cover all 

the listed ones in the text, then only, trainers bring up such questions. On the way to 

arrive at inferences a lot of ‘noise’ — literally and not figuratively — are generated in the 

process of  loud debate, exchange and analysis around the questions to be raised and 

answers to be agreed upon. There is no attempt to silence such noises. The trainers’ role 

is more like that of co-ordinators, so that these loud exchanges do not loose their way and 

direction.  Also, from time to time he/she sums up the essence of ongoing exchanges at 

different stages for benefit of all. 

 

From this it is clear that listed questions in the text are really a list of the minimum, 

which should not be missed. And in a way these are perhaps indicative of general 

direction of enquiry and by no means are meant to be a limit to the periphery of question-

answer territory. In actual practice, discussion may very well surpass that pre-set frame 

and often does. 
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In the process of  gradual step-by-step raising and/or answering of  little questions 

through different stages of the experimental observations, learners almost on their own 

and without being aware of it are ‘discovering’ and documenting the characteristics and 

laws of associated natural process under study. Of course, many a time the 

trainers/teachers themselves have to ultimately supply the most valid answers (and often 

have to help select/supply appropriate terms/vocabulary for necessary formulation). But 

— and this makes all the difference in the world — these answers are in response to 

eager, live and  animated curiosity, often expressed in loud manner and are not like 

pelting stone pieces on the granite wall of a motionless mind having no question of its 

own. As a consequence, major part of these answers, instead of being bounced around 

and lost, is likely to be soaked in, absorbed and thus internalized. And thus the earthen 

cover over golden truth is being opened up layers after layers with loud cheers of 

celebration. 

 

 

“… at every stage of the experiment, deeper reality behind the phenomena 

is being uncovered and disentangled layer after layer. … the earthen cover 

over golden truth is being opened up layers after layers with loud cheers of 

celebration.” 

  

 

Panegyric to “Don’t Know But Someday Will” 

 

If the process runs with accompanying requisite sincerity and enthusiastic exchanges, 

then many questions (both from the teachers and the taught), answers to which are not 

known to the trainers themselves at the given moment, may surface in a very natural 

context. Remember, for example, the blackish cover enclosing the yolk. In such cases the 

teacher, without resorting to any subterfuge, is frankly informing of  his present 

ignorance on the matter. Through first hand experience, the learners/students are getting 
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the very required message/lesson that trainers/teachers are not a bunch of know-alls or 

omniscient creatures. 

 

If such experiences get deeply ingrained in the mind of the learners around various 

questions, likely to crop up during training sessions, then may be in later years, they will 

be less inclined  either to act the know-all  themselves or on the  look out for the same in 

others.  Also with such a mindset they may be better able to spot and understand those, 

who act the know-all (their numbers are not as negligible as one may like to think and 

further, how many of us can honestly claim that we never indulged in this particular 

brand of comic posture even under pressure?) under various pressures both within and 

without. And if the disease is not beyond cure, they, instead of feeling intimidated, may 

even be of some help to such victims of irresistible impulse. This may sound a little far 

off for boys and girls of tender age but is not to be totally neglected either. 

 

 

 “Through first hand experience, the learners/students are getting the very 

required message/lesson that trainers/teachers are not a bunch of know-

alls or omniscient creatures.” 

  

 

But more importantly, and what may be considered a big gain is the possibility of it 

being gradually dawned on the learner that answer to many queries may ultimately have 

to be sought out by the learner themselves and that others cannot always seek it out on 

their behalf. So, in place of impotent, undesirable abject dependence on teachers, a drive 

for self-dependence to the extent possible may grow. And is not it among the desirable 

goals in any educational curriculum? This is from the side of the taught. 

 

From teachers’ side, if the teacher can free his/her mind from the traditional shackle 

of the urge to appear omniscient (though never explicitly expressed), then teacher’s gain 

is also no less. Can it be called a small relief, when one can throw off the heavy burden of  
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the compulsion to cover up the inevitable occasional gaps and incompleteness (who does 

not suffer from it?) in the acquired knowledge and can, when occasion demands, say “I 

don’t know” even before tender aged children? There is no fear of being caught on the 

wrong foot before or by the charges (I remember from my college days in a so-called 

premiere institution in Kolkata, how some ‘smart’ students were inclined to draw 

perverse joy from detecting ‘mistake’ in lectures being delivered and in few cases, where 

they occasionally succeeded, how visibly flustered the concerned teacher would be). The 

unknown question from the charges, instead of being a source of discomfort or even 

terror, becomes a stimulator for a spirited search for answer to unrequited queries, thus 

contributing to widening the horizon a little more. Possibility of release from the tight 

grip of monotony of daily routine of chewing over the same thing again and again and 

again and the resultant fatigue and weariness increases (any one acquainted with, as a 

participant or observer, ambience in teachers’ common room will know that discussion 

on anything but educational or teaching problem is the norm). This means, ways are 

cleared for greater professional satisfaction as teacher. Any possible apprehension, that 

such frank admission of ignorance on certain aspects of the subject(s) under study, will 

diminish the regard and love (i.e., if  it is these, which are important for the teacher and 

not the desire for dominance) from his charges in the least, is totally unfounded. Also, 

any possible fear that such open protestation of ignorance when occasion demands so, 

will render a teacher redundant in the eyes of his pupil is equally unfounded. Teacher is 

required not as a repository of all possible information (a pre-recorded Cassette or CD 

serve that purpose better) but primarily as a guide to pathways to learning.  Contrary to 

all such unfounded fears, such admission when occasion so demands, paves the way for a 

spirit of  co-operative, relaxed, joint venture between the teacher and the taught. 

 

While talking on the unfounded fear of redundancy, another aspect, in this context, 

comes to my mind. Telling the story of how long it took (sometimes a whole phase of 

human civilization) for man to discover for the first time, what the pupils ‘discovered’ 

within a span of days and hours may be an effective means of communicating the history 

of science and the travails on this millennia-old journey starting from time immemorial. It 

will be apparent to them that without a priori knowledge this would not be possible. And 
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they can plainly see that it is their teachers, through whom they are being entertained as 

well as edified, who brings in this essential a priori knowledge into play, that only makes 

the ‘discovery’ by themselves possible. So the universal human characteristic of teachers 

being less than omniscient cannot undermine their role.   

 

 

 “Telling the story of  how long it took (sometimes a whole phase of 

human civilization) for man to discover for the first time, what the pupils 

‘discovered’ within a span of days and hours may be an effective means 

of communicating the history of science and the travails on this 

millennia-old journey starting from time immemorial.” 

  

 

 

It may be mentioned here that this kind of contextual exploration of history of 

science was not found in the Eklavya curriculum.  

 

Besides, the predisposition, any curriculum of Science Education (or for that matter 

any education, worth being called so) must help shape, is to reject any claim of 

“infallibility” — whether of a person, group, ideology or path — as totally mistaken. If 

the teachers themselves can shed from their person, self-image of this supposed 

“infallibility”, it may help lay the foundation of this important idea (rejection of any 

claim of “infallibility”) in pupils’ mind.  
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 “… scientific approach does not consist in leaping into forming any 

answer just because somehow answer has to be found. Further, denial of 

the question itself, just because answer is not found, is not the way to go 

about it in science.” 

  

 

Panegyric to “None Knows As Yet” 

 

If the question-answer ambience is comfortable and un-inhibited enough, then 

depending on the stage of exchanges queries, to which no clear or any answer is 

available as yet, may very well come from learners. For example, I remember a lesson 

under the heading “Animate and Inanimate” (“Sajib O Nirjib”), meant for class VIII. 

During a class on that lesson, when the task was to classify familiar objects around us 

under Animate or Inanimate, it could not be resolved as to eggs should come under which 

of these two categories. It remained unresolved even at the “feedback” meeting 

(mentioned in the PART ONE of this article) where all the resource persons meet at the 

end of the day. Till date I myself am not sure about the valid answer. If teachers are 

understanding and frank, then the learners/students themselves, through their feeling of 

unsatisfied queries or curiosities, will themselves realize, in however small a scale, that 

till date most questions in the realm of nature remains unresolved, though there is no end 

to the search for answers to these questions. And that scientific approach does not consist 

in leaping into forming any answer just because somehow answer has to be found. 

Further, denial of the question itself, just because answer is not found, is not the way to 

go about it in science. Rather this approach consists in accepting as a matter of course 

that such question is an open one and may remain so for indefinite period. Corollary to 

this is the understanding that any flaunting to the effect, that all answers can be found in 

science is against the very spirit of science. If at least a section of the young learners can 

carry this healthy non-flaunting (in the name of science, that is) dissatisfaction into their 

adult life — I mean, if under the pressure of further course of education or of struggle for 
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survival it does not meet its end (no doubt a big ‘if’) — then that itself can deserved to be 

considered a big gain of such educational programme.  

 

 

“… philosophy, science and scholarship as exist, are only 

humanity’s incomplete answers to the young child’s questions.”  

                                — G. G. Neill Wright in Teach Yourself to Study (1945) 

 

 

Of course it may very well be said: “All these so-called questions with unavailable 

answer came from adult learners, i.e., the school teachers who came for training. This 

whole issue is totally irrelevant in case of child and adolescent learners, for whom this 

programme was ultimately meant”. Sorry. Can’t agree. This cannot really be resolved 

through debate. Perforce, I am citing a quotation, which matches with experience and 

understanding of mine and of many others and which I came across long ago, not to take 

shelter behind any authority, but because it says what I want to say in a more effective 

manner:  

“… philosophy, science and scholarship as exist, are only humanity’s incomplete 

answers to the young child’s questions” (Reference 2).  

 

References and Notes 

 

1. The Scalpel, The Sword: The Story of Dr. Norman Bethune – By Ted Allan and 

Sydney Gordon, Monthly Review Press, New York and London, 1973, p. 52-53. 

 

2. Teach Yourself to Study – By G. G. Neill Wright (full name is George Gibson Neill 

Wright, as obtained from an Internet search, though the title page of the book does 

not contain the full name), The English Universities Press, London, 1945, p. 137.   

It is interesting to note that the book is out of print (a Google search says so) for 

more than 30 years (last year of publication being 1975), clearly indicating somewhat 
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unknown/less known status of the book/author either in terms of profundity and/or 

popularity. It obviously does not fall into the category of rare ancient treaties in some 

old extinct language, which can be of interest only to special scholars, and thus 

explaining its current ‘out-of-print’ status. On the contrary, the very title of the book 

(Teach Yourself to Study) clearly indicates that it was purported to be a book for lay 

readers (where nothing more than some common well-known precepts in 

comprehensible form is usually expected). Yet it contains deep, perceptive insight, 

expressed in simplest way (i.e., the quoted lines), on an extremely important issue. 

This perhaps shows, or so it seems to me, that it may be of help to ourselves to 

remember (contrary to standard impression) that  little gems of deep, perceptive 

wisdom are scattered all over the universe and are not necessarily confined to well-

known treaties, by well-known names.  

In this context, I cannot resist the temptation to quote from an old folk song in 

Bengal, which starts with the line (in Bengali language) “aamaar sathik guru, bethik 

guru, guru aganan”, meaning “I have uncountable masters/teachers, some right and 

some wrong”. I found the song being quoted in a Bengali novel named ‘Ganga’, 

woven around the lives and livelihood of boatmen (called ‘maajhi’ in Bengali) lying 

over and spending their whole life on or around the river Ganges, which in its last 

part of the southward journey passes through West Bengal before merging in Bay of 

Bengal. The writer was Samaresh Basu (1924-1988), a well-known Bengali novelist. 

It may be added that the folk song, referred to above, is possibly of ‘Baul’ 

origin. Traditionally, ‘Bauls’ with their ever accompanying ‘ektaaraa’ (simplest 

possible one-stringed musical instrument made mostly by themselves) hung from 

shoulder/neck across the back and the front, were, and to some extent still are, a  kind 

of  roving minstrels or folk singers, scattered over wide areas of  rural Bengal, both 

east (now Bangladesh) and west (now West Bengal). Usually they were/are of lower 

social strata in origin, cutting across religious divide of Hindu and Muslim. And they 

claimed themselves to be outside such social/religious division, questioning the very 

validity of the same. These songs of theirs, bearing the stamp of an effortless 

spontaneity and simplicity both in the words (of folk nature) and the tune, are deeply 

appealing, being both profound and simple at the same time. Profusely insightful 
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about travails of life, the songs have a kind of universal as well as mystic/spiritual 

quality, which go beyond and critical (more through hints and allusion than in direct 

way) of  all organised/ritualistic religious traditions/groups and prevailing unjust 

social stratification. Due to this rebel streak in their pre-disposition, the ‘Bauls’  

were used to be treated sometimes almost as social outcast and persecuted by high 

priests of organised religious bodies of all denomination as well as by the wealthy and 

powerful of upper caste/stratum origin in rural areas of earlier days. Majority of them 

(‘Bauls’) used to live mainly on what they collected from householders, while 

moving from door to door, offering songs from their rich repertoire. These songs 

were also popular among wide variety of other non-‘Baul’ people of socially lower 

strata/castes (‘maajhis’ were among them) in rural hinterland of Bengal of earlier 

days and so picked up and sung by them, irrespective of their formal religious 

affiliation. With the ongoing changes in rural settings/ambience in Bengal (both east 

and west) over decades and more, their situation and position are possibly also 

undergoing changes, both perceptible and imperceptible. Whether these changes are 

for the better or for the worse is a matter of opinion. For example, for some decades 

now, a selected few among them are being increasingly co-opted and promoted, home 

and abroad, as paid performing artists on the public stage by commercial musical 

circuits as well as by non-commercial cultural enthusiast for promoting/spreading 

folk culture/song which provide entertainment to urban audience, in search of exotica 

without associated discomfort. 
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APPENDIX 

[AUTHOR’S NOTE: Though PART ONE of the article and Aristotle’s record, as presented 

below are based on similar experiment, comparison between the two will reveal some 

differences in observations. Also, there are some observations which are recorded in 

Aristotle’s piece but not in the article and vice versa. It is beyond author’s (who, without 

being a specialist on the subject recorded his direct experiences as faithfully as possible) 

capacity and knowledge to explain these anomalies. He will feel obliged to any reader 

who can shed further light on such anomalies.] 

 

 

THE OBSERVATIONS AS RECORDED BY ARISTOTLE SOME  

TWO THOUSAND FOUR HUNDRED YEARS AGO ON  

BUDDING CHICK INSIDE THE CHICKEN EGG 

 

Generation from the egg proceeds in an identical manner with all birds, but the full 

periods from conception to birth differ, as has been said. With the common hen after 

three days and three nights there is the first indication of the embryo; with larger birds 

the interval being longer, with smaller birds shorter. Meanwhile the yolk comes into 

being, rising towards the sharp end, where the primal element of the egg is situated, and 

where the egg gets hatched; and the heart appears, like a speck of blood, in the white of 

the egg. This point beats and moves as though endowed with life, and from it two vein-

ducts with blood in them trend in a convoluted course (as the egg substance goes on 

growing, towards each of the two circumjacent integuments); and a membrane carrying 

bloody fibres now envelops the yolk, leading off from the vein-ducts. A little afterwards 

the body is differentiated, at first very small and white. The head is clearly distinguished, 

and in it the eyes, swollen out to a great extent. This condition of the eyes last on for a 

good while, as it is only by degrees that they diminish in size and collapse. At the outset 

the under portion of the body appears insignificant in comparison with the upper portion. 

Of the two ducts that lead from the heart, the one proceeds towards the circumjacent 

integument, and the other, like a navel-string, towards the yolk. The life-element of the 
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chick is in the white of the egg, and the nutriment comes through the navel-string out of 

the yolk. 

When the egg is now ten days old the chick and all its parts are distinctly visible. The 

head is still larger than the rest of its body, and the eyes larger than the head, but still 

devoid of vision. The eyes, if removed about this time, are found to be larger than beans, 

and black; if the cuticle be peeled off them there is a white and cold liquid inside, quite 

glittering in the sunlight, but there is no hard substance whatsoever. Such is the condition 

of the head and eyes. At this time also the larger internal organs are visible, as also the 

stomach and the arrangement of the viscera; and veins that seem to proceed from the 

heart are now close to the navel. From the navel there stretch a pair of veins; one 

towards the membrane that envelops the yolk (and, by the way, the yolk is now liquid, or 

more so than is normal), and the other towards that membrane which envelops 

collectively the membrane wherein the chick lies, the membrane of the yolk, and the 

intervening liquid. (For, as the chick grows, little by little one part of the yolk goes 

upward, and another part downward, and the white liquid is between them; and the white 

of the egg is underneath the lower part of the yolk, as it was at the outset.) On the tenth 

day the white is at the extreme outer surface, reduced in amount, glutinous, firm in 

substance, and sallow in colour. 

The disposition of the several constituent parts is as follows. First and outermost 

comes the membrane of the egg, not that of the shell, but underneath it. Inside this 

membrane is a white liquid; then comes the chick, and a membrane round about it, 

separating it off so as to keep the chick free from the liquid; next after the chick comes 

the yolk, into which one of the two veins was described as leading, the other one leading 

into the enveloping white substance. (A membrane with a liquid resembling serum 

envelops the entire structure. Then comes another membrane right round the embryo, as 

has been described, separating it off against the liquid. Underneath this comes the yolk, 

enveloped in another membrane (into which yolk proceeds the navel-string that leads 

from the heart and the big vein), so as to keep the embryo free of both liquids). 
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About the twentieth day, if you open the egg and touch the chick, it moves inside and 

chirps; and it is already coming to be covered with down when, after the twentieth day is 

past, the chick begins to break the shell. The head is situated over the right leg close to 

the flank, and the wing is placed over the head; and about this time is plain to be seen the 

membrane resembling an after-birth that comes next after the outermost membrane of the 

shell, into which membrane the one of the navel-strings was described as leading (and, 

by the way, the chick in its entirety is now within it), and so also is the other membrane 

resembling an after-birth, namely that surrounding the yolk, into which the second navel-

string was described as leading; and both of them were described as being connected 

with the heart and the big vein. At this conjuncture the navel-string that leads to the outer 

after-birth collapses and becomes detached from the chick, and the membrane that leads 

into the yolk is fastened on to the thin gut of the creature, and by this time a considerable 

amount of the yolk is inside the chick and a yellow sediment is in its stomach. About this 

time it discharges residuum in the direction of the outer after-birth, and has residuum 

inside its stomach; and the outer residuum is white (and there comes a white substance 

inside). By and by the yolk, diminishing gradually in size, at length becomes entirely used 

up and comprehended within the chick (so that, ten days after hatching, if you cut open 

the chick, a small remnant of the yolk is still left in connexion with the gut), but it is 

detached from the navel, and there is nothing in the interval between, but it has been used 

up entirely. During the period above referred to the chick sleeps, wakes up, makes a 

move and looks up and Chirps; and the heart and the navel together palpitate as though 

the creature were respiring. So much as to generation from the egg in the case of birds. 

[Excerpts from the Historia Animalium or History of Animals (according to Stanford 

Encyclopledia of Philosophy, “a better though less familiar translation would be Animal 

Inquiries”), Book VI, Part 3, written by Aristotle in 350 BC and translated from the 

Greek by D’Arcy Wentworth Thompson in 1910. The book is freely available online 

(see: http://ebooks.adelaide.edu.au/a/aristotle/history/book6.html accessed on January 10, 

2010 or http://classics.mit.edu/Aristotle/history_anim.6.vi.html accessed on January 10, 

2010). 

The APPENDIX was prepared by Sudipta Saraswati.]  


