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INTRODUCTION

GST 105 ‘History and Philosophy of Science’ is & @emester, two-
unit, foundation (100) level course. Students aé&we and non-science
programmes are expected to take this course alpierequisite to your
obtaining your B.A. or B.Sc. degree. The coursel wonsist of
eighteen units. The material has been developeduib Nigerian
students by using more practical examples fromldbal environment.
There are no compulsory prerequisites for the eurs

This course guide tells you briefly what the coussabout, what course
materials you will be using and how you are to tleem. It provides

some general guidelines for the amount of time yaght be spending
in order to successfully complete each unit ofdbharse. It also gives
you some guidance on your tutor-marked assignmeteils of

which are to be found in a separate ‘Assignmene¢’FiThe course
involves regular tutorials and you are advised tteral the sessions.
Dates and locations of tutorials are included & ‘ssignment File’.

WHAT YOU WILL LEARN IN THISCOURSE

The general aim of GST 105 ‘History and Philosoph$cience’ is to:

1. Stimulate your interest in science by encoum@ggou to think
critically.
2. Help you attain a personal philosophy of lifghat is to

develop some set girinciples that will guide your actions in
relation to other people.

While going through this course, you will i#deaabout
how science and itsranches originated, the contributions of
ancient Africans to science, and how the use ddrgific knowledge
has helped to improve or mar our lives.

The study of the history of science and its phifso is very

important. This is because the knowledge of todagoriporates the
discoveries of the past and the methtdsrough which those
discoveries were made. Thus if you areto  appreciate
pogramme and the level of advance it has attained, must know
something of how and where it originated and holhag evolved to its
present state. Towards the end of this course,witilbe exposed to
the contributions of some great Nigerian scienti$tas will motivate

you to make your own contributions to society inatdver programme
you may be running.
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COURSE AIMS

The general aim of the course discussed in the dastion will be
achieved by trying to:

1. Establish the interrelationship between altugilines.

2. Show the extent of ancient African contribngoto modern
technology.

3. Create an awareness of the services of scienoen and the
effects of sciencen human society.

4, Introduce you to the two schools of thoughttba origin of
man.

5. Explain to you the nature of man, componehth® universe in
which he lives, and how he obtains energy for htsvaies.

6. Awaken in you the sense of being a Nigeriasuoh a way as

to inspire andnotivate you to think scientifically.
COURSE OBJECTIVES

In order to achieve the aims listed above, the s®wets overall
objectives. Each unit alshas specific objectives which are
always outlined at the beginning of that uritoushould read
them before you start working through the uniislihecessary to refer
to them during your study of the unit to check auryprogress. Also,
after completing a unit, you should glance throtigh unit objectives.
This will enable you to be sure that you have dehat was required of
you by the unit.

Listed below are the wider objectives of the cowasea whole. By
meeting these objectives, you will have achiewbe aims of
the course as a whole. On successdaipletion of the course, you
should be able to:

Analyse accurately the nature of science.

Describe sequentially the processes of sciengfearch.

Recognise and relate the laws of nature to everifiay

Define and discuss some of the known scientifiotiss.

Discuss vividly the origin of science in anciemhés.

Evaluate the state of science in the Middle AgeSwbpe.

Specify the events that gave impetus to the risemofiern

science.

o Identify the advances obtained in science in thentweth
century.

o Outline and write an overview of the lost scienoés Africa

in areas outsidef Egypt.
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o Identify the relationship between science adeadhnology
and recognise arghow their various uses.
o Discuss intelligently the gains and negat effects

of technologicatlevelopment on society.

Analyse the fundamental principles and method<iginse.

Discuss the various viewpoints on the origin of man

Explain the nature of man.

Identify the various components of theniverse

in which man lives,especially those parts that are

connected with human life, survival and interest.

o Outline and evaluate the natural resources for man.

o Recognize the great scientists of Nigeriarigin
and appreciate theaontributions to societal welfare.

COURSE REQUIREMENTS

To complete this course you are required to readsthdy units, read
suggested bookand other materials that will help you achieve the
objectives. Each unit contains selésessment exercises, and at
intervals in the course you are requiredat@gnments for
assessment purposes. There will be a final exaromat the end of the
course. The course should take you a total of al3utweeks to
complete. Listed below are the major componenth®tourse.

COURSE MATERIALS

Major components of the course are:

1. Course guide

2. 4 modules of content of 5 units each
3. Recommended textbooks

4. Assignment file

STUDY UNITS

There are eighteen study units in this course. Eadhshould take you
2-3 hours to work through. The eighteen units axeddd into four

modules. Three modules contain 5 units each wihé last module
contains 3 units in addition to two weeks of remmsi This is arranged
as follows:

vi
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Module 1

Unit 1 The nature of science

Unit 2 The scientific method

Unit 3 Basic scientific theories

Unit 4 Laws of nature

Unit 5 History of Western science — 1 (Origin of egfern
science in ancient times)

Module 2

Unit 1 History of science — 2 (Science in the Meldhges of
Europe)

Unit 2 History of science — 3 (Rise of modern scie)

Unit 3 History of science — 4 (The twentieth cegtscientific
revolution)

Unit 4 The lost sciences of Africa — 1: An overview

Unit 5 The lost sciences of Africa — 2: An overview

Module 3

Unit 1 Science, technology and inventions

Unit 2 Social implications of technological advanent

Unit 3 The nature and scope of philosophy of smen

Unit 4 Man and his origin

Unit 5 The nature of man

Module 4

Unit 1 Man and his cosmic environment

Unit 2 Man and his natural resources

Unit 3 Great scientists of Nigerian origin

Unit 4 Revision

Unit 5 Revision

Each unit includes a table of contents, introduxtgpecific objectives,
recommended textbooks and summaries of key issndsideas. At

intervals in each unit, you will be provided withnamber of exercises
or self-assessment questions. These are to helpegoyourself on the
material you have just covered or to apply it imsoway. The value of
these self-tests is to help you gauge your progaadsto reinforce your
understanding of the material. At least one tutarkad assignment will
be provided at the end of each unit. The exer@asesthe tutor- marked
assignments will help you in achieving the statsiing objectives of
the individual units and of the course.

vii



GST 105 COURSE GUIDE
RECOMMENDED TEXTBOOKS

Ezekwesili, N. O., P. O. Ubachukwu and C. Rwagbo(2001)
(eds), Introductionto Natural Sciences — 2, Newcrest
Publishers, Onitsha.

Nwala, T. U (1997) (ed.), History and philosophy $¢ience, Niger
Books & Publishing Co. Ltd, Nsukka.

Onyewuenyi, I. C. (1993), The African Origin of &k Philosophy -
An Exercise in Afrocentrism, University of Nigeria Press,
Nsukka.

ASSIGNMENT FILE

All the details of the assignments you must submitour tutor for
marking will be found in this file. You must gepassing grade in these
assignments in order to pass this course. In thig@m®ent file itself and
in the section on assessment within this Coursed&uadditional
information will be found.

There are 9 assignments in this course. They wiéc

1. The nature of science, the scientific method basic scientific
theories (Module 1, Units 1 and 2).

2. Basic scientific theories and the laws of matiModule 1, Units
3&4)

3. History of science 1 and 2 (Modulel, Unit SMbdule 2, Unit
1)

4. History of science 3 and 4 (Module 2, Unit& 3)

5. The lost sciences of Africa 1 and 2 (Modul&gijts 4 & 5)

6. Science, technology and inventions: social licagions of

technological development (Module 3, Units 1 & 2)
7. The nature and scope of the philosophy ofnseieand man
and his originModule 3, Units 3 & 4)

8. The nature of man, and man and his cosmic remwient
(Module 3, Unit 5, Module 4, Unit 1 respectively)
9. Man and his natural resources, and great tssienof

Nigerian origin(Module 4, Units 2 & 3)
The dates for the completion and submisefontutor-

marked assignments asttending tutorials will be found in this
file. Do not forget to submit all your assignmehysthe due dates.

viii
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ASSESSMENT
The course will be assessed in two aspects. Thiese a

1. Tutor-marked assignments
2. Written examination

For you to do the assignments very well, it is etpd of you to
apply information, knowledge and techniques obtained from the
course. You must endeavour to submit the assigrsrientour tutor for
marking before the deadlines given in the Assignniién

The assignments will count f&@0% of your total course
mark. The final gamination, which you will sit for at the end ofth
course, will also count for 50% of your total camrsvork. The

examination will be of three hours duration.

TUTOR MARKED ASSIGNMENTS

This course consists of 9 tutor-marked assignments. The
four assignments with tHeighest marks will be counted for you.
In other words, you need not submit all #esignments, but you
are encouraged to do so. Each assignment couri%lt®dwards your
total course mark.

In the Assignment file, you will find all the assiment questions for all
the units. To demonstrate your understanding of the course, do
not depend only on obtained from the units to arsdWe questions.
Go to the library, read and research very well totam more

information on the course. After completing eackigtsment, send it to
your tutor. Try your best to get each assignmerisscto your tutor on
or before the due dates given in the Assignmeet fHowever, if it

becomes impossible for you to submit any of thegassents on time,
please let your tutor know before the due dateerAdiue consideration,
you might be given an extension.

FINAL EXAMINATION AND GRADING

To prepare for this examination, revise all theaareovered in the
course. Revision of all the exercises and the totarked assignments
before the examination will also be of help to y®he revision should
start after you have finished studying the lastt.urlihis final
examination will be of three hours’ duration. Itsha value of 50%
of the totalcourse grade.
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COURSE OVERVIEW

The units, the number of weeks it would take yoadmplete them, and
the assignments that follow them are outlined atdble below:
Table 1: Course organizer

Unit Title of work Duration Assessment
(weeks | (end of unit

Course Guide 1

1 The nature of scienc 1

2 The scientific method 2 Assignment 1

3 Basic scientific theorie 2

4 Laws of nature 1 Assignment 2

5 History of sciencgOrigin of 1 2

science in ancient time
6 History of science(science in th
Middle Ages oEurope)

7 History of science —

(Rise of modern scienc
8 History of science -

The twentieth century scientific
revolution)

9 The lost sciences of Africa-1: An
overview

10 The lost sciences of Africa - 2: An 2  |Assignment
overview
11 Science, technology and inventic 2
12 Social implications of 2 Assignment
technoloaical developnnt
13 The nature and scope of [the2
philosophy of scienc

\*.>J

Assignment |

Assignment 4

NBENW NN

N

Ul

Q)

14 Man and his origil 2  |Assignment

15 The nature of ms 2

16 Man and his cosmic environment 1 Assignment 8
17 Man and his natural resourc 3

18 Great scieiists of Nigerian origir 1 |Assignment
Total 42

STRATEGIESFOR STUDYING COURSE

In distance learning, the study units replace thigersity lecturer.
Thus one of thadvantages of distance learning is that you can
read the course materials at your opace, at any time and
anywhere. Exercises to test your understandinghef materials are
provided in each unit. There is a common formataibithe units. The
first item is the introduction to what the unit {adle introducing you to.
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The introduction also shows you how a particulait is1related with
other units and to the course as a whole. Afterittwduction, you
will see the objectives. The objectives indicatbatvyou are
expected to achieve after studying the unit. So gbauld
keep it handy so a®nstantly check or monitor yourself in terms of
achieving those objectives. The main body of th& goides you
through the required readings from other source®rdises,as was
mentioned before, are provided at intervéitsoughout the
reading materialsAnswers to those exercises are provided at the end
of each unit. Don'’t try to skip any of the exeras@&ry to do them as
you meet them while reading. This will help to douy tutor-marked
assignments and also to prepare you for examirgatidohe following

is a practical strategy for studying the readingtanals. If you
encounter any problem, don’t worry. Contact yodortwand he/she will
happily help you out.

1. Read this Course Guide thoroughly

2. Provide a timetable for yourself, and takeenot the time you
are required to spend on each unit and alwaygk $6 the
timetable.

TUTORSAND TUTORIALS

There are 20 hours of tutorials (ten 2 hours) mledito support this
course. The datesmes and locations of these tutorials will be made
available to you, together with tilame and address of your tutor.

The assignments will be marked by your tutor. Talee of the

comments he might make and remember to send in gssignments
before the deadline. In case you will not meetdéadline, don't forget
to notify your tutor. The tutor will return your signments to you after
he must have marked them. Try your best not to sy of the

tutorials. This is because that's the only chance kave of meeting
your tutor and your fellow students. And problenme@intered while
reading the course materials will be more easilyexbby your tutor.

SUMMARY

GST 105 intends to introduce you to the History &milosophy
of  Science. Uporcompleting this course, you will have been
introduced to general education, which vi#lp you have a coherent
view of the world. You will know that all knowledgés
interrelated. You will be able to answer these Kinflquestions:

The questions are inexhaustible. There are mang you can answer.
We wish youluck and success with the course and hope that

xi
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you will find it both helpful andnteresting. In the longer term,
we hope you will enjoy your acquaintance with NOU&hd we wish
you every success in your future.

Xii
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MODULE 1

Unit 1 The Nature of Science

Unit 2 The Scientific Method

Unit 3 Basic Scientific Theories

Unit 4 Laws of Nature

Unit 5 History of Western science — 1 (Origin of e¥fern

science in ancient times)

UNIT 1 THE NATURE OF SCIENCE
CONTENTS

1.0 Introduction
2.0 Obijectives
3.0 Main Content
3.1  Definitions of science
3.2 Branches of science
3.3  Aims of science
3.4  Differences between science and non-sciersagptines
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment (TMA)
7.0 References/Further Reading

1.0 INTRODUCTION

| believe you read the course guide? If #o,means you
now have a generahderstanding of what this unit is about and how
it fits into the course as a whole.

The unit will make you aware of the various defonts of science,
branches ofscience, aims of science and the differences
between science and non-sciemcgeiplines. It is also important to
you because it will help you to understand the sghsnt units. The
objectives below specify what you are expectedetrn after going
through this unit.



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

2.0 OBJECTIVES

At the end of the unit, you should be able to:

o Outline the three ways of defining science

. Identify carefully the areas of knowledge which kifyato be
science

o State briefly the purpose of science.

3.0 MAIN CONTENT
3.1 Definitions of Science

What comes to your mind when the word ‘sciencementioned? Is it
chemistry, physics, biology or mathematics? Thedsvscience’ is
derived from the Latin word, ‘scientia’ which means
‘Knowledge’(Eneh: 2000). On the simplest levetience has been
defined as the knowledge of the world aftune(The New
Encyclopaedia Britannica:1995). The above definittmwever does
not exhausthe full meaning of science. So it isffidult
to define it. However, sciengenerally is regarded in three main
ways as (Nwala: 1997):

1. A body of knowledge.

2. A method for acquiring knowledge or studying dan
understanding the world.
3. An institution.

Science as a body of knowledge

What does the word ‘body’ tell you? The bodies kyfowledge
generally regarded as science include, chemistiglody, physics,
mathematics, microbiology, pharmaaypd medicine. These bodies of
knowledge differ from other forms of knowledguch as
religion and art in both content and forMou will study
about thesdifferences in a subsequent section.

Science as a method for acquiring knowledge

Science has well-known procedures for obtainingwkedge. The two
branches of science, which are empirical and fosoances, use what
is called the scientific method. The 2 steps of t thathod include
observation, problenhypahesis  formulation, experimentation,
conclusion and theory formulation.

Formal science utilises concepts, rules and thegoriend
expresses them imuantitative and statistical manner. You will
understand the meanings of empirical, conceptesrand theories in

2
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the subsequent section and units. Anybody that tisesscientific
method or the method of formal sciences to obkaiowledge is said
to be involved in science.

Science as an institution

Science can be viewed as an institution which caeprmillions of

experts. These experts engage in the study andogenrent of human
knowledge. The experts or scientists can be faondarious research
and educational institutions, industries, hospjtasmpanies, etc. The
cooperation and interaction among them make theeldpwment of

science possible and reliable.

Exercise 1.1 (Answers on page 7)

Fill in the blanks by choosing the correct wordobrase:

1. List the three main ways in which science iswad.

(@)- ------- s e

(c)- ------- S S — e

2. Formal science utilises (a) BN () P —
""""""""" and (€)  =---meemeemeeseeeemeeeeeeeee- to gain
knowledge of nature.

3.2 Branches of science

In the last section you learnt the various megsinof the word
‘science’. In this section, you will be exposed ttee two ways of
grouping scientific disciplines doodies of knowledge. This will
enable you to identify, any time, the araasvledge which
qualify to be called science.

The first way is to group the scientific disciplsmto:

1. Formal sciences
2. Empirical sciences

Formal sciences include mathematics (which compgeemetry,
algebra, trigonometry, arithmetic), logic, theoretical physi and
statistics. Formal sciences have a formal and deduaharacter.
Science is said to be formal if its contents, angats and procedures
obey certain rules. The result and conclusions soth sciences are
valid and authentic only if they conform to thosées (Nwala: 1997).
For example, in mathematics there are rules of tidi
subtraction,multiplication and division. There are also rulefor
solving certain equations and problems, theoremes,Let's take for
instance that you are given the following prolbdeimsolve:
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3/4 of (5/6 + 1/4) | 7/3x 4 + 1/2 - 3

How would you go about it? The rule says that ‘Bedtis solved first,
followed by ‘of ; then division, multiplication addition
and subtraction in that order. The mnemodévice for

remembering this rule is BODMAS where:

B stands for bracket. The symbol is ()

O stands for of. The symbol is still ‘of’

D stands for division. The symbol is /

M stands for multiplication. The symbol is ‘X’
A stands for addition. The symbol is +

S stands for subtraction. The symbol is -

The result and conclusion of the problem abovi va valid and a
authenticonly if the rule of BODMAS is followed. Thus a body
of formalsyg¢ematic and deductive in character.

Empirical sciences, on the other hand, include spsy chemistry,
biology, psychology, botany, zoology, biochemistry, micrdbgy,
geology, medicasciences, etc. These study objects and phenomena
which can be observed through any of the senseswdmich can be
tested with instruments such as the telescopesroscope, ruler,
tapes and scales. In other words, anything that cahsetved
with the senses of sight, touch, hearing, taste amell or with
instruments such as ruler, telescope, etc. is @mitscience. Can you
think of examples of sense perception and nosegrerception
objects? Sense perception objects, which are ubgst of empirical
sciences, include the human body, bodies of othanas such as
goats, cows and dogs; as well as natolgécts such as
the weatherdiseases, plants and insects. These can be velser
with the senses or measumgith instruments because they are material
things. For instance, we can see a cow walkinghenroad, perceive
the odour of its droppings, touch its hairy bodyr o
taste its flesh (Nwabuisi).

Thus, empirical scientists observe and expemimin order to
find out howthings originate, grow or develop, function andatelto
each other. They also try fond out the laws which govern
their behaviour. They are interested ragularities or laws,
which enable them to understand or explain thigiects or
phenomena under study. The knowledge derime empirical
sciences includeisductive generalisations, laws and theories. You
will study about these concepts in units 2 to #e Tconcepts are
formulated in clearly defined statements, proposgior in statistical
equations or formulae. Objects which cannot becgaeed by the

4
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senses include values such as the goodness oesmof a thing,
rightness, virtue, beauty, holiness and truth. ithe following

statement is made, ‘Ada is a good girl’, do younkhyou can observe
‘goodness’ with your senses or measure it withnstrument? It is
not possible, and so the study of ‘goodness’ istsida empirical
science.

The second way of grouping scientific disciplin@saccording to the
class of objects or phenomena they deal with (ldwab97). For
example,

1. Natural sciences deal with all natural objettsder it are sub-
branches such as:

(@ Physical sciences, which include disciplinilse physics,
chemistry,
geology, applied mathematics, astronomy, etc. Tlikesd with
physical and inanimate objects such as rocks, givand
mountains.

(b)  Biological sciences. Disciplines under it uwdé biology,
zoology, botany, microbiology. These deal with niyi bodies
such as human beings, animals, insects and plants.

(© Medical sciences. They include general meadicianatomy,
surgery, physiology, and veterinary medicine. Theiseiplines
deal with objects and problems that affect humad animal
health.

(d)  Pharmaceutical sciences, which include phaewacs,
pharmaceutical chemistry, pharmacognosy and phailomc

These disciplines are concerned with drugs and damgents of plants
and other objects.

2. Social sciences. Disciplines under it are:

(a) Economics

(b)  Social psychology

(c) Geography

(d)  Sociology and anthropology
(e) Social philosophy, etc.

These deal with society and social institutions.

In spite of all these classifications of scignitere is a point that is
worth noting. The differences between the discedirare not absolute
(Taylor: 1979). The disciplines began to be systerally arranged in
the late nineteenth century so as to avoid inctersiy and overlap.
You will understand this point clearer when youdstwnits 5 to 8. The

5
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differences between the disciplines arise azdifices of viewpoint
between the scientists. In other words, the sicguift thing is not that
chemistry differs from physics, but that the cheisigiew of the world
differs from that of the physicist. It is good thgbu accept all
disciplines as part of life and 6¥ing and of our curiosity about the
world around us. But to be realistic, masiversity departments or
programmes and professional bodies are based okdefegied and
separated subjects. Presently, however, some attegrof the sciences
IS making a comeback. For instance, we now haeeldi of study
such as physical chemistry, biochemistry and bispdsy

The figure below illustrates a theme approachntegration of
science and other subjects in the Israelturriculum
(D’Ambrosio:1979). The theme or phenomenon undgudy is
‘light and shadow’. The figure shows how the thefinght and
shadow’ is viewed or studied by disciplinesich as art, physics
and botany.

; s e w om0 I S -B.'elf'rﬂt;:t.ion
L B , Ehen gfwm:a:iuui' i Reflezion
25 rtmn ! AL Dispersion -
Coleyr mising g / ili_ 3 H |
Perspective G ¢ S
Harmony - _}511:1::1_ § R F . PHYSICS'
\ P ; { SOy : 1
ART : Vo g e '
" L |
\., g,
. OPTICAL: I'NSTRUM.ENT

-1 Ewes ponceTning

ayhme astronomtr. e WE ¥ S \
moon phages; « -~ - - R T .1 &. DOTANY
aaaaona ceee T T T T L HOOLOGY
bR AR R S s » o0 OTHER SCIENCES

I . T
Figura 1,0  Theme awwuhtoh\mpntlnndmmﬂlmﬁm eubuewsm the Lrurmmlm 1Lar:
(Suerroe D‘Aﬂwb m-‘.w e s 5 e

Exercise 1.2 (Answers on page 7)

A. Multiple choice
Encircle the letter of the correct alternative:

1. An example of a formal science is
(a) Medicine.
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(b)  Economics.
(c) Biology.
(d)  Mathematics.

2. Objects which can be perceived by the senshsde:
(a) Human body.

(b) Goats

(b)  Weather

(d)  All of the above

B. Matching

3. Match the items in ‘A’ with those in ‘B’ Dbiilling in the
correct letter in the space provided.

A B
Virtue a. Deductive science
Physiology b. Measuring instrument
Scales C. Empirical science
Biochemistry d. Mathematical rule

BODMAS e. Non-sense perception object
Geometry f. Medical science

3.3 Aims of science

The last section described the two ways of gnogipscientific
disciplines. Before examining the steps involvedthe process of
obtaining knowledge, let us turn to the aims appses of science.

Why do you think people involve themselves in stfenactivities?
Right from the dawn of history, man has tried to
understand himself and the natsueounds him. He has seen
the world around him, which evidently has remainleel same world,
and yet is full of change, motion and of vari€éfyere are dawns and
sunsets, births and deaths, the solid ead the ever-
restless seas. There ammious kinds of things in the world —
minerals, plants, and men. Thus, we can say
that science aims at enabling man to explaiow lthe world,
events and objectround him originate, develop, operate or function
It also helps him to predict hotlhhey will behave in future and thus
enables him to control the behaviour of tthiegs around him,
once he is able to develop the appropriate instnisndor such
control (Nwala: 1997).

Thus, science is theoretical. It equips us withoth@cal knowledge
about the world. Such knowledge is usually sumseaki using

7
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concepts, laws and theories.

These help us to express and systematise our rsiadding

of objects phenomena. Science also equips us with practical
knowledge in terms of the variousays, mechanisms and
instruments which enable us to control objects pinehomena.
Science is, therefore, not only a source of knogeedt is also a source

of power.

3.4 Differences Between Science and non-sciendsediplines

You may be able to identify areas of non-science you have
understood sections 3.1 and 3.2. Why do you thely @are called non-
science? Among those things called nonscienceraligion, art,
metaphysics (a branch of philosophy), mysticismmemwn sense,
imagination, etc.

Religion, for instance, is concerned with worshiptlee supernatural;
science is concerned with nature and natural phenamnd objects. In
particular, religion ispeculative. It is based on faith or
dogma. The basic religious beliefs gquestionable. In the
field of study called rational religion or theolgghe aim is to make
religious beliefs reasonable without rejectingrth In other words,
theology tries to confirm religious beliefs (Nwal97).

Religion relies on the principle that the univeisgoverned by spiritual
laws.

All the other non-sciences exhibit some of thagebutes. Thus non-
sciences are said to be subjective, unverifiablen-factual, not
objective, not systematic and not quantifiable t(tha measurable).

Their study is often a  matter of involving trialnda error.
Consequently, knowledge based on them does nbtesna to explain,
predict and control phenomena in the way scienkfowledge can
(Nwala: 1997).

Science, on the other hand, is not dogmatic. laised on reason and
does not accept any idea or belief on faith. Hjects everything under
its study to critical examination. It does not ggtcanything as sacred
and unquestionable. It relies tme principle that the universe
is governed by material law which nmagchanical,
electrical, chemical, biological, etc.

Science seeks knowledge that is objectiwstam, systematic,
provable andsupported by evidence. This is done
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through a systematic method olbservation, formulation of
hypothesis, experimentation, organised theocoystruction, etc. It
further overcomes the limitations of the sensesugh the use of
instruments, diagrams, equations and formal symfdisala: 1997).

However, some have argued that science differs fromscience
only indegree. It is pointed out, for example, that camnreense has

a certain scientificcharacter. It recognises certain basic laws of
nature and acts on their basis. lEaample, traditional agriculture,
which is based mainly on common sergperience, recognises the
laws governing soil fertility. On the other hargtience involves a
certain degree of speculation and imagination @aflg at the level of
formulating hypotheses (Nwala: 1997). You will diser this when
you study the next unit, which is unit 2.

In general, science is said to be objective, syatemreliable,
etc. Beingobjective means that all those who adopt the saetbod
or procedure can prove or verify the claims otestents, which the
body of scientific knowledge contairBeing systematic means
that all the various elements in a body aibWwedge are
locally related and each can be inferred from ttheo For instance, go
to the library, and get hold of any science teatbdf you turn to the
table of contents, you will observe that topics are arrange
sequentially. Basic topics Mmiology such as ‘the cell — its structure
and functions’ are discussed before topics like $tructure of the
kidney, liver, brain, etc. These latter organs arade up of
cells. So you need to understand what the cell before you can
understand the structure of the kidney or therli\Science being
reliable means that it can enable us to adetyated correctly
explain, predict and control any phenomenenquestion. Thus
science differs from non-science in method andhi& systematic
character of its knowledge.

After all's said and done, the next unit wighow us that
science has sonimnitations. And these limitations are defined by
the very method science uses to obtain knowledgehat is the
scientific method.

Exercise 1.3 (Answers on page 7)
1. Non-science disciplines include (a) --——----------------

() R and (o)
2. List three characteristics of non-science digo#g.
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4.0 CONCLUSION

In this unit, you have learnt what the nature (isatharacteristics) of
science is. The definitions, branches, and aimsscé&nce were
discussed. The final discussion was on 7 the diffees between
science and non-science disciplines. From theseusdsions you
would now be able to tell which disciplines quglib be sciences and
what the overall purposes of sciences are.

5.0 SUMMARY
A summary of the major points in this Unit is that:

. Science was defined in terms of

(a) abody of knowledge;

(b) a method for acquiring knowledge, and

(c) aninstitution.

o Science disciplines can be grouped in two main ways

(@) Formal sciences such as mathematics and;legid
empirical sciences comprising physics, chemistry,
biology, psychology, etc.

(b)  Natural sciences and social sciences, acaprtinthe
class of objects gphenomena they deal with. Natural
sciences deal with natural objeethile social sciences
deal with society and social institutions. Sub-lofaes of
natural sciences are physical sciences suchhasigs
and chemistry; biological sciences such as biology,
and microbiology;medical sciences like anatomy
and surgery, and finally pharmaceutisalences such
as pharmaceutics and pharmacology. Social science
disciplines include economics and geography.

o The purpose of science is to enable human beingsxpéain,
predict and to control nature.
o Non-science disciplines are said to be subjectingerifiable,

nonfactual, not systematic and not quantifiable.
Exercise 1.3
1 (a) Religion, (b) Metaphysics, (c) Art

2. Non-science disciplines are subjective, uniadsié, non-factual,
etc.

10
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6.0 TUTOR-MARKED ASSIGNMENT

1. With examples, differentiate between formald aempirical
sciences.

2. What do you consider to be the aims of scientestify your
decision as fully as you can.
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UNIT 2 THE SCIENTIFIC METHOD

CONTENT
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1.0 INTRODUCTION
In the last Unit, science was defined in¢hmain ways as:

(@) a body oknowledge, (b) a method for acquiring knowledge
and (c) an institution. In this unit, that methofd acquiring scientific
knowledge called the scientific method will be dissed in detail. The
emphasis will be on how it works in real life anomhit has worked in
science. This Unit promises to be very excitingsaese you will learn
the method of effective thinking. It will be of gievalue to you if you
apply it to solving life problems. Thus after study this unit certain
things will be required of you. They are listedtwe objectives below.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o list sequentially the steps of the scientific metho

. explain vividly with one example how the method ¢enused to
solve a named life problem

. explain briefly with one example how the methoad & used
to solve a hypothetical scientific problem

. assess clearly the use of the steps of creative cuitidal

thinking when given a hypothetical case story.

12
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3.0 MAIN CONTENT

3.1 Scientific Method of Acquiring Knowledge

Superficially, science is a collection of ‘facts’body of knowledge)
that describe andxplain the workings of nature. Although thes
facts are interestingevenfascinating - they are not the essence
of science. Rather, the excitement s@énce lies in the intriguing
observation and the carefully designed experim#rds scientists have
devised to help us learn about nature. The impottang here is the
process of science — not just knowing the fauti$, appreciating how
scientists discovered (and continue to discovar$etfacts. The process
is characterised by a sequence of steps, whiclblesaientists to
approach objective truth as closely as possibleagid, McCann
and McCann:1974).

Taken singly, most of the steps are commomplgcocedures
carried out byeople on a daily basis. Taken together,
they amount to one of thewerfultools man has devised
to know and to control nature [The nature of 8cE (see
‘References and further reading’)].

The steps of science include the following:
1. Observation

Knowledge comes from noticing resemblances andrrecces in the
events that happen around us — Wilfred Trotteru(6e: Beveridge:
1970)

Observation is the first step of the scientific huet. Thus anything that
cannot be observed cannot be investigated by sEidfar example, a
young student observes that maize grains, whiate wkaced in a wet
container inside a dark cupboard, germinated, Inatt the leaves were
pale yellow instead of the normal green colourezivies (Olorode and
Kloh: 2000). Scientific observation can be bothedirand indirect.
Direct observations are made with the aid of theses just as our
hypothetical student observed the maize grains Wwisheyes. Indirect
observations are performed with the aid afstruments.
Atomic nuclei andmagnetism, for example, cannot be perceived
directly through our sense orgatmt their effects can be observed
with instruments. What other things do ytink can be observed
indirectly?

13



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

Observations can also be classified into:

1. Spontaneous or passive observations whichremepected
2. Induced or active observations, whiahe deliberately
looked out fofBeveridge, 1970).

Effective spontaneous observation involves firstbticing some object
or event.The thing noticed will only have meaning if thmind of

the observer eitharonsciously or unconsciously relates it to some
relevant knowledge or pasxkperience. It can also be important if the
observer in the process of thinking over it\asi at some hypothesis.

From our hypothetical example, the student notibed the pale yellow
colour of the leaves of the maize grains wased#ht from the normal
green colour of maize grains. He thus relatedtvinleaobserved with
his previous knowledge.

Powers of observation can be developed by cultigathe habit of
watchingthings with an active enquiring mind. It is naaggeration

to say that weltleveloped habits of observation are more important
in scientific research a@ven in daily living than a large accumulation
of academic learning (Beveridge: 1970).

Correct observation is a most difficult art acqdirenly after
long experience and many errors. The difficulty liesgiy in
unsuspected bia®eople forever see what they want to see or what
they think they ought to see. It is extremely hiardid oneself of such
unconscious prejudice and to see just what isaligtthere, no more
and no less. This is the reason why a scientifiseolation must be
repeatable. Science does not take any observatioface value.
Several scientists must be able to repeat thatrebsen independently
and report the same thing for that observationet@fb value to science
(‘The nature of science’).

After an observation has been made, the secopdo$tthe scientific
method is to define the problem.

2. Problem definition

In this step, questions are asked abbat bbservation. If
our hypotheticastudent in (1) above shows further curiosity, h# wi
decide to find out why those seedlings had pallyeleaves instead of
green. This is the definition of the problem. H&sakimself, ‘Why are
the leaves pale yellow instead of green?’ Thishes kindof causal
question that the scientific method deals with. eBce is
fundamentally about finding answers to questions.

14
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Significantly, not everyone sees that there mayualt be a
conneted with an observation. For thousands of yeax&n curious
peoplesimply took it for granted that any unsupportedeabjthat is
thrown up in the air must fall to the ground. Ibkoa genius (Isaac
Newton) to ask, ‘How comeThe nature of science’), and few
questions have ever contributed more science as this. Good
qguestioning, like good observing, is a high art. Toe of
value to science, a question must be relevanttamdst be testable.

Experience helps in deciding if a question isevaht or not. To find
answers to scientific questions, scientists usé pggeriences, ideas
and observations.

Exercise 2.1
1. Observation can be classified into (a) _

or passive observation, and (b)
or active observation.

2. To be of value to science, a dqoast must be
(a) or (b)
3. Hypothesis formulation

This is the third step of the scientific method. Pau know that this
involves theseemingly quite unscientific procedure of guessing?
One guesses what thanswer to the question might be.
Scientists call this assumed ans\wwgothesis. A given question,
as you might be aware, may have thousands oilgessinswers but
only one right answer. Thus, there are excell@mnces that a
random guess will be wrong. The scientist will oklyow if his guess
was correct after he must have completed thetHostep of the
scientific method,which is experimentation (‘The nature of
science’). The main function of hgpothesis is to predict new
experiments or new observations.

Thus our hypothetical student in (2) above will &y state all the
possible explanations of his observation, orladl possible solutions to
the problem he defined. One possible explanatiomight give is that
the pale yellow colourreferred to is the characteristic of the
particular variety of maize that wagerminating in the dark
cupboard. Another explanation he might give is thdte
pale yellow colouration resulted from the exclusadright.

15
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As we said before, all the hypotheses relating fwrablem cannot be
valid, and the only way to decide which hypothessvalid is

to test each of thleypotheses. If experimentation shows that
the first guess was wrorggientist then must formulate a new
hypothesis and once more test for validity by peniag new
experiments. Clearly, the guessing and guess gestmight

go on for years and a right answer might neveobed.

Obviously, much faster progress would be made & tlumber of
hypotheseswere few. The amount of previous knowledge or
experience a scientist has enables him to aclileseThis shows
us the importance of knowledge for scientific pexs and the
truly social character of knowledge (Olorode &hoh: 2000).

If you may recall from section 3.4 of unit 1jstwhile hypothesising
thatcommon sense, intuitions and lucky accidengdp Iscience
enormously. Thestory has it that in one famous case, the German
chemist, Kekulé went to bed one night after a yaalcoholic party
(Olorode and Kloh: 2000). In his sleep, he dreartsi@ monkeys
chasing one another in a circle, the tail of onkel e theteeth of the
other. Practically, our whole chemical indussybased on that
dream because it told the sleeping scientist what gstructure of
benzene wasScientists at that time had been trying to réegaut
the structure of benzene.

Kekulé then concluded that benzene has six cartmnsa‘’chasing’ one
another in a circle, and that’'s exactly the presgnicture of benzene.
And it is good toknow that benzene is the fundamental parent
substance for thousandsemical products.

Since it is the function of every experiment tottdse validity of a
scientific guess, the fourth step of the scientifroethod is
experimentation.

4. Experimentation

You might be aware by now that answers without enat are
really unsupported opinions. Experimentation can provide t
necessary evidence and anyone who experiments afiggssing at
answers becomes truly ‘scientific’ in his approach.

Experimentation is by far the hardest part of tleeergtific method.
There are no rules to follow; each experiment isage unto itself.
Technically, knowledge and experience usually h®lpking a correct
decision on the means by which a hypothesis might be tested shows
the difference between a genius and an amateure (‘mature of

16
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science’). Can you think of how the young studenbur hypothetical
example would gather evidence in order to refuteconfirm his
hypotheses? Let us examine the two hypothesesdiagathe young
man’s observation of pale yellowing leaves of rmaseedlings. The
first hypothesis to explain the observation wag tha yellowing was
due to the variety of maize germinating. A simplaywto test that
hypothesis is to collect various varieties of majzet them in the dark
cupboard and observe the results. All the viasewill be found to
have produced the same pale yellow leaves. Ther dtippothesis,
which states that the exclusion of light produdeel pale yellow leaves
effect, can also be easily tested. This is dongdmninating a batch of
seeds in the dark and another batch in a welbliddtion. The well-lit
condition serves as the control. It provides a ddath of reference for
assessing the results of the experimental sdtiasuld be foundhat
the seedlings in the dark would be pale vyellovhile those in a
well-lit condition would have the normal green colour (Odercand
Kloh: 2000). What do you think gives the green colm plants?

Exercise 2.2

1. The main function of a hypothesis is to pref@) ———

or (b)
2. The German chemist called giscovered
the structure of benzene.
3. A scientific approach to explain various aspeat the natural

world includes all of the following except
(@ hypothesis.

(b)  testing.

(c) faith and simple consensus.

(d)  systematic observation.

The next step after experimentation is the conclusi
5 Conclusion

We shall again illustrate this step with our hymiital example above.
The testof the first hypothesis leads us to reject tigpothesis
while our test of theecond hypothesis leads us to accept the second
(alternative) hypothesis. Thus our respectivectgions are:

(1) Yellowing of the leaves was not due to the
variety of maize germinating. (2) Exclusion of ligltaused the
yellowing of the leaves. Scientific conclusions che redefined,
modified and clarified when the situation arisesom® other
conclusions may even be overthrown and discar@ed. instance, the
young man who observed the pale yellow leavesnaizeseedlings

17
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may want to find out if the same result will be aibed with seedlings
of other plants. He may also observe tha ihkarge maize
farm, some rareseedlings which lack green pigments completely,
may exist. This will lead him to modify his origineonclusion. He may
add that ‘other factors besides lack of light mause yellowing of
leaves’.

The final step of the scientific method is theasynfiulation.
6. Theory formulation

What is a theory? Would you be able to attempt aswar? If you
cannot, here is the definition: A scientific thgas an explanation
about the cause or causes of a broad range otdefdgtenomena. It
differs from a scientific hypothesis in its breadthapplication (Starr
and Taggart: 1992).

A theory is usually proposed when a hypothesisk®en supported by
really convincing evidence. This evidence must be obtaa in
many differentaboratories and by many independent researchers.

Theories are open to tests, revisions, and temtasigceptance or
rejection.

As soon as new information is observed in the sewf applying the
theory, such existing or established theory isgesi Thus, a new
theory emerges to replace the existing one. Thaésgsiarantee for the
development of science and human knowledge. Butmyost note that
old theories do not become incorrect but merelyolbrex obsolete (‘The
nature of science’).

18
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The figure below illustrates the process of themsiiic method:

| OBSERVATIONS * - . |
abolit an-uniexpluined . -

phetiomencn ' .

. CAUSAL QUESTIONS | = i
E.z. what causad the pale .~ i S

Process nf devising sxplonations

.ye].luw_cc-h:_ur_of the lewvesy J ; fur abeervativee, It invalves:
o . 1. craut-ivil.y' '
e 5o . . ) 2. use of previous exporienss
: CIN G4 uum of ralated research, et
ALTERNATE : > [ .
 HYPOTHRSIZ - - A
“Tedbative fdiss o axplain’a.
phenomenen . :

| Hypotheses 1,02 H ~ gre | -

And .. ¢ 4 'l x

' EKFERIL-EEI\TTS 5, : r DEDITCTLON
) Teet cnndminn_e. [—® [... Prosoos of forming
A . ; epecific conclugions using
snzuthed explanetons and

. s Bl — experimental deaigms

EXPECTED RERULT
What shoeld happen . .|

OBSERVEL RESULT

(The predicted r:-'._*auh) . — What avtunlly happana?

: ’ {Fhe obrerved result) '
The[.'ecli:lre t - CONCLUSION .
£ . The hypotheses

supported or contludictad

Figural2  The Pﬂ‘ﬂ'ﬂéﬂﬂ'ﬂfﬂ.l.e scimntific method .
: (Soaree: Maore ot af, 1995)

There is° something very important which yoavén to know

concerningfigure 1.2. In real life situations, the scientifitethod does
not really work as structured in that figure. Imet words, you don't
have to complete one step before beginning tlé oree. In practice,

you may go back to an earlier step work on several steps
simultaneously. But for you to be sure that rydinal conclusion is

right, all steps must be completed.

Exercise 2.3

1. is an explanation about the
cause or causes of a broad range of related phearaam

2. When does a new theory emerge to replace iahirgkone?

19



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

3.2 How it works in real life

We have just gone through the process of thensific method.
How do you think it can work in real life? Let'sguose that you wake
up one night with askin rash(observation)(Moore, McCann and
McCann: 1974). You want taknow what caused this rash (causal
question). You first try to figure out how thistigtion is similar to
other known situations. Perhaps a classmate afirsybad a similar
rash that was caused by an allergy to the grasscddse by football
field. You realise that your rash has appearea aftehe football games
that you have played on that field. The similafinalogy)between
your friend’s allergy and your rash leads to theplawation
(hypothesis) that your rash is caused by an alleydlie grass, too.

If your hypothesis is correct, you would not expecget a rash from
otherkinds of grasgprediction). When you play football on several
other fields, all with a different kind of graskan your nearby
football field (experiment), you do not get a rgdebsults). Your results
match the prediction of the grass-allergy hypothdssm which you
decide that your rash is caused by the grass natrby football field
(conclusion).

However, if this was your only hypothesis, yowdanot actually
identified the cause. Perhaps your rash was dabgefertilizers,
pesticides, bacteria, fungi or other agents @ased with the grass or
soil at one football field and not another. By itggta single hypothesis,
you have not ruled out any of these other possdsl To do so, you
would have to devise alternative hypotheses, makdigtions from
them and obtain experimental resultscoompare with the predictions.
By this process, you may be able to regotmme but not all
of the alternatives, or you may be able tpdigeses, even
the grass-allergy hypothesis. Either way, you mpiagress by
testing several hypotheses, not just one.

If you can reject all with the exception of thegs-allergy hypothesis,
you can more confidently conclude that the grasssed your rash.
Furthermore, you may decide not to play in thatipalar field again

so that you can avoid the irritating plant (us@ev knowledge).

You may agree with me that all of this seems ldkanmon sense,
which it is. The use of the scientific method ist mestricted to
scientists. For example in 1820 at New Jersey,AJ.&.colonel named
Robert Johnson used the scientific method to disptbe belief that
tomatoes were poisonous (Moore, McCann and McCa8ii4). He
bravely climbed the steps of a city courthouse ateda basketful of
tomatoes. This action greatly amazed the 2000 speople who
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thought that tomatoes were poisonous. His bolgearment and its
result (his survival) proved the townspeople wrong.

A principle characteristic of scientific thinkings ithat the
sequence afbserving, hypothesising, experimenting, concluding
interpreting is a cycleyvith new ideas produced at every step.
To the curious scientific personcanclusion or a theory is never
the final answer. There is always somethimgye to study, something
new to learn. Can you be such a person?

Exercise 2.4
Try using the scientific method to solve a hypattadtlife problem.
3.3 How it has worked in science

You have seen in section 3.2 how the scienttiethod works in a
real life situation. In this section, one example vk used to
illustrate how a reas$cientistmade an important discovery by
using the method. In tH&everidge:1970), it was reported that
in certain parts of Great Britain aMdestern Australia there used
to occur a nervous disease of sheep known as
‘swayback{observation). The cause of this disease baffled
investigators forears(causal question). In Western Australia,
a scientist known as H. \Bennetts for certain reasons suspected
that the cause of the disease might be lead paigofiiypothesis
formulation). To test this hypothesis he atesl some afflicted
sheep with ammonium chloride, which is the antidtielead
(experiment). The first trial with this chemical v@apromising
results thaenabled the sheep to recover a little. Howevdrssguent
trials or tests did not confirm this first resutib6ervation and non-
confirmation of Hypothesis 1). A gquestion then a&;08Vhy did the
initial treatment with ammonium chloride give semelief to the
sheep?’ (causal question).

This suggested to Bennetts that the cause of theashks
might bedeficiency of some mineral which was present in smal
guantities in the firstbatch of ammonium chloride (Hypothesis 2).
Bennetts went ahead to find out the constituentghef ammonium
chloride (experiment). He found out that ‘copperasvpresent in the
ammonium chloride in small amounts as an impunthen afflicted
sheep were given pure copper mineral they recovieoed the disease.
He then concluded that the disease was due toieldic of copper
(conclusion - confirmation of Hypothesis 2). A dedéincy of copper
was never previously known to produce diseasminanimal. So by
using the scientific method, Bennetts contributed science the
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information that a deficiency of copper can cadisease in an animal.
According to the report, Bennetts stated that ‘Hudution of this
problem came in Western Australia from an accidefiead” (clue)
resulting from the testing of a false hypothesls'.other words, by
testing a false hypothesis, which stated that thase of swayback
disease was lead poisoning’, the true hypothesise to limelight and
the right answer was found. In the next sectioeative and critical
thinking will be discussed briefly. Read that seatvery well and if you
are interested in knowing more about the topic filwing reading
may be of assistance to you:

Moore, W. E., H. McCann and J. McCa(i®74) Creative
and Critical thinking, Houghton Mifflin Co., Boston

3.4 Creative and Critical thinking

We live in a complex but rapidly changing societywhich we have to
make simple or difficult decisions every minute afur lives. Such
decisions might be vital to both our own and othgeople’s health,
success and happiness. Howell the decisions turn out to be
will depend in part on the procedurasking we use (Moore,
McCann and McCann: 1974).

The importance of the scientific method of thinkisgichly illustrated

by the history of science. You will learn about this inmtsiB-

8. Until seventeenth century, science progressed quite \sldwlthe
last three centurieprocedures of thinking, the scientific method
which we have just discusseolved. Its use has been responsible
to a large extent for the impressive sucoeEsmodern science in
discovering the secrets of the universe, as vwelhadeveloping
solutions to chnological problems. Many of our mesrious
problems can be lessened or even solved by thecapph of these
techniques.

Progress in solving most human problems has lagged behind

progress in science. Most human problems cannatpwoise, be taken
to the laboratory to be worked on, and some aspacthe scientific

method may not apply to these problems. Howevdgrge body of

evidence confirms that effective methods of thigkicen be of great
value in solving everyday human problems (Moore,Cdien and

McCann: 1974).

The procedures of science (the scientific ma&thavhich you
have justlearnt, require two distinctly different kinds ahinking,
creative thinking and critical thinking. Creatithinking may be
defined as the formation of possible solutionsiferoblem or
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possible explanations of a phenomend@ritical thinking, on the
other hand is the testing and evaluation of thesepgsed
solutions.

Effective thinking is both creative andritical. Indeed,
both kindsthin king are essential in all areas of human activity.
diagnosing an illness foexample, a physician first develops
possible diagnoses that seem to fit teymptoms. He then
evaluates them by further examination of the patiem by
laboratory tests. The final diagnoses cannot blet nignless the
possiblediagnoses include the right one. Even when the ilpless
diagnoses do includthe right one, the physician may still
make a mistake by being carelessriticising them and settling on
the wrong one.

If you have understood the scientific method disedsin section 3.1,
you would agree that it is both creative and aiticOutside the
laboratory, however, botbcientists and laypersons tend to be careless
about both creative and criticaspects of thinking. When our feelings
are aroused, we are likely to act first ahehk only after it is too
late. Thus tdcreate’ and ‘criticise’ are the twiwatchwords of the
effective thinker.

The general process for applying creative and caliti
thinking toprobem can be described as a cycle of six phases. You
have already studied these phases in section 8i&.cVcle should not

be treated as a rigid procedure in which each phass be completed
before the next is begun. In practice, you may gokbto an earlier
phase or work on several phases at the same tioteif Byou are to
have any real assurance that your final decissosound, all phases
must be completed. Why don’t you begin now to psacusing this
cycle (that is, the scientific method)?

You should know that every phase of decision-mgkis strongly
affected by the fact that each one of us sees tiwhworld and
ourselves from our ownpersonal point of view. This can
interfere with objectivity, which is mportant to effective
thinking. How effective our thinking is depends tbar on
how objective we are in viewing ourselves and tleelavwithout bias.
However, absolute objectivity is impossible beeauge observe the
world only through the lens of our own point of wie

You should keep in mind two essential things fgeotivity. The first is
to concentrate on the pursuit of truth in all greblems you take up,
no matterhow unpleasant or threatening it may be. S@dms a
system of punishindailures of objectivity, but in human setting,
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you must develop your own sense of disciplinee $hcond element
in objectivity is to be open to your feelings. Exde them when they
are not relevant and include them when they ared an
you must be able to discern the difference.

It should now be clear to you that perfection imnking cannot be
attained.Effectiveness is the important thing. Also a Sattory
solution to everyproblem is too much to expect. The person who
expects to solve every problem and make the righisibns every time

Is unrealistic. Effective thinking, liklaying a musical instrument,
requires practice. This is important both fanderstanding the
techniques fully and for developing skill iapplyingthem. What
stops you from practicing now?

4.0 CONCLUSION

This unit has introduced you to the scientific hoet of acquiring
knowledge. You must have also learnt how it camapplied to solve
real life problems and scientific problems. Thus thethod is useful to
every human being, whether a scientist or a noensist.

5.0 SUMMARY
The main points in this unit are:

o The steps of the scientific method are:
(a) Observation. It can be direct or indirepprstaneous
or inducedScientific observation must be repeatable.
(b)  Problem definition. This involves questiorkiag about
the observation made. Scientific questions must be
relevant and testable.
(c) Hypothesis formulation. It involves guessioig proposing
answers to the questions posed.
(d)  Experimentation. Answers without evidence are
unsupported opinions.
Thus experimentation provides the necessary eveléor accepting
or rejecting the proposed answer.

(e) Conclusion. It can be redefined, modified aladified
when thesituation arises.
) Theory formulation. This will be the main tiop of
discussion in the next unit.
o The scientific method is both creative andtical. Thus
it can beused to develop effective thinking, which is very
necessary for solving both scientific and real fifeblems.
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6.0 TUTOR-MARKED ASSIGNMENT

1. List sequentially the steps of the scientifiethod.
2. Discuss briefly what each step involves.
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1.0 INTRODUCTION

In unit 2, the scientific method — a process ofwacgg knowledge
about nature — was discussed. If you will redhié process involves
a sequence of steps, whiahe: observation, problem definition,
hypothesis formulation, experimentationpnclusions and theory
formulation. The material in this unit will explaito you in detail
what a scientific theor y means and also list sofnethe basic
scientifictheories. Emphasis in this unit will be on thedries of
evolution. This topic ismportant because it will expose you to the
different views people, right from the beginning reicorded history,
have held about how life began and how the gredetyaof earth’s
organisms came to be. It is expected of you th#teaend of the unit,
you will have achieved the objectives listed below.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o define clearly a scientific theory

o list clearly three characteristics of a scientifieory.

o identify three events that led to the revival ofalission on
evolution

o describe briefly evolution by natural selection

o explain concisely how other fields of inquiry haee to a better

understanding of the mechanism of evolution.
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3.1 What is a scientific theory?

Would you be able to recall the definition givenunit 2? If so, well

done! As was stated in that unit, a scientifiedty is an explanation
about the cause or causes of a broad rangelaiEdephenomena
(Starr and Taggart: 1992).

A theory explains how things are related or theammon
properties.Scientific research (using the scientific methddads

to the accumulation dacts about nature. As the facts accumulate,
organizing them into higher knowledge becomes imfpe. This is
because our minds requirerasionalised, logically consistent body
of knowledge to help retain and use informa{iBeveridge: 1970).

To help in the organisation, a working hypothesis usually
required. Thus, theories start as hypotheses or tentative
formulations meant to explain thephenomenon under
investigation. When a hypothesis is confirmed thioug
experimentation, it becomes a theory. Theories tekeous forms,
which may be as diagrams, equations, statistical propositional
formulations.

A theory is formulated in such a way that isnge of application
isindicated(Nwala: 1997). It says, ‘given such andhsuconditions’,
anyphenomena, which satisfy those condition®g, subject to
the theory undereference. Let's take for instance that a new drug
called ‘Relief tablets’ against bacterial dise&eis manufactured in
Nigeria [‘The nature of science’ (see p. 29)]. Esttthe effectiveness
of that drug, Nigerian patients of different agesx, eating habits,
hereditary background, etc, are used. Additionallghe
experiment is carried out under specified hosmtanditions
with properallowance for unspotted errors and with differdoses of
the drug. At the end of the experiment the drughinize found to have
an effectiveness of 60% against the bacteridisf tesult is confirmed
by many independent researchers in different loeali a theory may
be proposed.

The theory might state that ‘in bacterial digeXs “Relief tablets”
areeffective in 60 per cent of the cases’.

This statement is very much broader than the enygsri on which it is
based, and theories are always like that. Themtatehas not given any
limitations in terms of who manufactures the drughere it is
manufactured, where it can be used and whom it lmarused on.
Therefore that statement implies, for example, tRaglief tablets’,
no matter who manufactures it, will 8% effective aywhere in
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the world, under any conditions and can be used both man and
other animals.

You can understand that direct evidence for theeddohplications does
not exist. But so far as ‘Relief tablets’ iseddy known to work
within certainlimits, the theory expresses the belief, thebpbility
that it may also workvithin certain wider limits.

Every good theory therefore has a predictive valugrophesies certain
results. Scientific prophecies always have a dmarate amount of
evidence to back them up. Additionally, a scieatgrophecy does not
say that something will certainly happen, it onays that something is
likely to happen and with a stated degree of poditg Theories that
have proved to be universally valid and have aghhdegree of
probability are called natural laws. You will I@aabout these in unit
4. Laws also do not pronounce certainties.

In conclusion, theories enable us to explain, mteaihnd control
phenomena. They also provide us with a new wayookihg at a
familiar object or phenomenon. The theory of optits instance,
provides us with a new way of looking at the pbrenon of light
(Nwala: 1997). Before this theory was discoveregpgte thought of
light in the form of patches, shades of colour, 86th the theory of
optics, people’s way of looking at light changedjHt is now viewed as
travelling (propagation) and this gives room fexplaining a wider
range of phenomena than the old way of lookinggét |

Since the advent of modern science in the sixteand seventeenth
centuries AD, many scientific theories have beeoppsed. These
include the theory of universal gravitation, thedty of evolution by
natural selection, atomic theory, genetic theorglativity theory,
quantum theory, etc. The theories of evolutior & discussed in the
next section.

Exercise 3.1

Test yourself with the following questions:

1. What is a scientific theory?
2. Theories enable us to (a) —b)
and (c) phenomena.
3. Examples of scientific theories include (a)
(b) (c) and (d)}—————
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3.1.1 Evolution before Darwin

Ever since the beginning of recorded history, mas $peculated on the
origin of life. In ancient times, it was generallylibeed that
organisms originatespontaneously from non-living matter. Thus, the
ancient Egyptians believed that rats came from ageb Renaissance
scientists knew better than this, but in the sexemth and eighteenth
centuries AD, it was widely believed that bacteria
(microorganisms discovered in 1676) originatednsgoneously. It was
only in 1862 that Louis Pasteur disproved, oncd &r all, the
theory of spontaneous generation (Roberts: 1971).

Have you ever wondered how the earth came tpopelated by a
great variety of organisms? The search for expiansithas proved to
be challenging. The answers have been found ta pwione direction
— to evolution, which means the progressive chamigkving things

through time.

The idea of evolution was not originated by Darwinthe nineteenth
century as some people think (Raven and JohnsB8&6)1 Some
ancient philosophers observed that organisms chrfgem very
simple to relatively complex ones.

Each group of organisms, according to thenas wreated by
God. Modernindividuals of each group trace their ancestryh®
individual created by God. The Judeo-Christianureltalso promoted
such thinking.

Most early scientists believed fully that each kofdorganism with all

of its individual adaptations was created by Gbldey studied these
organisms, their structures, and the relationshgieeen them as a way
of learning more abouhe creator. In the seventeenth century,
for example, the English scientdérgyman, John Ray (1627-
1705) clearly declared his belief that each kinaof
animal and plant had remained unchanged from tlgeitdaas created
(Raven and Johnson: 1986). All these views areectVlely known as
the doctrine ofixed species or creationism. It was veare
convincingly challenged befoBarwin (Moore et al: 1995).

During Darwin’s time, biology was dominated by nalutheology.
The natural theologians Dbelieved that the iati@ans and
adaptations of organismsoved that each species was fashioned by
God for a particular purpose. Besides they belieted the earth was
only a few thousand years old. For them, thes not long enough
for significant evolutionary change. What isuy own view? Do
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you believe in the theory of spontaneous generatioim the doctrine
of fixed species? What are your reasons?

Gradually, some discoveries led to the revival a@liscussions on
evolution. These include:

1. The discovery of many more kinds of organisiyshe first part
of the eighteenth century (Raven and Johnson:)1986

2. The study of fossils which was begun in the &ghth century
by Georges

Cuvier (Moore et al: 1995). Fossils as ywmight be aware are
remains or body impressions of dead organisms lithead in the past.
They are usually  found within sedimentary rocks,iolthoccur in
layers. Cuvier, from his studies, found thditfferentlayers of the
rocks held different kinds of fossils. Also theséils appeared in
chronological order that is the deeper the layee, alder the fossil it
contains. To him, these observations seemed to duendaries for
dramatic change in ancient environments.

His attempt to explain these changes came to berkm@s catastrophism
(Starr and Taggart: 1992).

Exercise 3.2

1. The belief that rats originated from gagb is an example
of (@ ———— theory, and(b)
people held such a belief.

2. The view that each kind of animal and plans mamained
unchanged from the day it was creatsed known as
(@) or (b)

3. Examples of proponents of such awvere
(a) (b)

| hope you have understood the narration so farukeontinue with the
events that led to the revival of discussions avlgion:

1. From 1707-1788, a French biologist named Gemiguis
Comte de Buffon studied many mammals and
observed that all of thesomma features. He then
suggested that these could be explainetérms of their
evolution from a common ancestor.

2. In 1795, a geologist, James Hutton argued ttatearth was
older than a few thousand yedgidoore et al:1995). His
hypothesis was based on the fact that he belieted
sedimentary rocks that encased fossils wierened by the
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gradual accumulation of sediments in lakasers and
oceans. This idea is known as gradualism. Higplagation
indicated that the earth was millions rather thhousands of
years old.

Catastrophists such as Cuvier and graduali&es Hutton and
Lyell (1797-1895) were good geologig€loore et all995).
They were convinced of an ancient earththgy found it
difficult to explain theappearance and disappearance of species in
the fossil record. They were akeationists. Lyell, in particular
attributed the gradual addition of nepecies to the earth’s flora
and fauna to an unspecified creator.

3. In 1809, the year Charles Darwin was bdean Baptiste de
Lamarck(17441829) proposed that all species, including human
beings weredescended from other speci{®doore et al:1995;
Raven and Johnson: 1986). He believed that life changed
progressively from theimple to the more complex. He was the first
naturalist to present w@nified theory that attempted to explain the
changes in organisms from one generation to the nex

Lamarck’s explanations were based on the theoinladritance

of acquired characteristics, which he propounded. The theory
states thathanges acquired during an individual’s life abeought
about by environmentgiressure and internatlesires” and that
offspring inherit the desirechanges’ (Starr and Taggart: 1992).

Have you heard of an animal called giraffe? If yoamswer is yes, do
you know why it has a long neck? Lamarck’s theory
explained itas suppose the ancestor of the modern giraffe was a
short-necked animal. Pressed by the need to firdl,fahis animal
constantly stretched its neck to feed on the leaves high tree
branches. According to Lamarck, stretching incrdase¢he
length of the neck and this acquired charactermstas passed to its
offspring.

These offspring in turn stretched their necks @¢ach higher
leaves. Thugenerations of animals desiring to reach higherdsded
to the modern giraffe.

Using similar reasoning, he also proposed thatugee and disuse of a

feature governed the fate of that feature in sigieesgenerations
(Moore et al: 1995).
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According to him organs of the body that were usetgnsively to cope
with the environment became larger and stronger, while argan
that were not useatkteriorated.

Presently, scientists know that the mechanismrbpgsed for changes
was wrong. Acquired characteristics cannot be inheritétis
theories, howeverstimulated people’s interest in evolution. As a
result of this, the stage was then set for theeptance of the much
simpler explanation that was developed by Darvéli & century later
(Raven and Johnson: 1989).

Darwin’s greatest contribution was the laying oé ttoundation
for an evolutionary theory by noting that speciémrme over
time and thesnvironment is a factor in that change (Starr aaddhart:
1992).

Exercise 3.3

You should be able to answer the following questjoto test your
progress in studying this material:

1. The observation that distinct layers obcks reveal
sequences of showing gradual
changes instructure supports the hypothesis that species
evolve.

2. Match the following individuals and ideas bylirfg in the
correct letter in the space provided.

Individuals Ideas
Judeo-Christians  (a) Gradualism
Cuvier (b)AIl mammals have common

features

Lamarck (c) Catastrophism
Buffon (d) Doctrine of fixed species
Hutton (e) Inheritance of acquired traits

3.2.2 Darwin and modern evolutionary thought

In this section, you will learn about Darwin’s idean evolution. His
ideas havehad a great impact on a wide array of human
endeavours than angientific advancement of the past 150 years
(Moore et al: 1995). His research work on evolutpyovided the first
scientific explanation for the diversity tfe. His explanation of
how evolution works has attracted more controvetfsgn most
scientific ideas. This is because it has afféctet only science but
also philosophy, religion and human attitudes.
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Charles Robert Darwin (1809-18882) was an Engilisturalist. At the
age of eight, his interest in observing the naturatld was manifested.
At that age, he was an enthusiastic but haphazdietctor of shells. At
ten, his interest shiftetb the habits of insects and bi(8sarr
and Taggart1992). At fifteen, hereferred hunting, fishing and
observing the natural world to doing hssehoolwork. At the
university, he could not complete his study of e,
because that was not his area of interest. ke lgraduated from
Cambridge University as a clergyman but was stiitiested in natural
history.

At the age oR2, one of his professors at Cambridge Uniters
JohnHenslow arranged for him to take part in a trainexgedition led
by an eminent geologist. Henslow had earlier matiand respected
Darwin’s real interest in natural history. He thfere arranged that he
be offered the position of naturalist in the slipyt were about to sail in.
Do you know that right from the 1770s naturalistsd ralways been
posted on all British voyages to distant lands? @&m was to
gather more knowledge of nature to addthe store of
human knowledge (Raven and Johnson: 1989; Starr and Tagga
1992).

The ship they boarded was called H.M.S. Beagle. mha aim
of the voyage was to complete an earlier work of mappithg
coastline of South

America. While on the expedition, Darwin had chande study many

diverse forms of life on the islands where theypped, near mountain
ranges and alongvers. He returned to England in 1836, after riyea
five years at sea and hegan a long life of study and contemplation.

Exercise 3.4
1. Charles Darwin was born in (a) and
died in (b) .

2. At what age was he a collector of shells?
3. He graduated from(a)

University as a (b)
4. Who arranged for him to be a naturalist abd4id.S. Beagle?

5. (a) At what age did he leave for the voyage?
(b) At what age did he return to England?

Let's continue from where we stopped. When Darwame
back to England, the question that disturbed hins,vi&/hat
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could explain the remarkable diversity among organisms?’
Luckily, field observations he haghade during his voyage enabled
him later to recognise two clues that pointed t® #mswer (Starr and
Taggart: 1992).

First, while the coast of Argentina was being negphe repeatedly
got off the ship for exploratory trips inland. @mese trips, he made
detailed fieldobservations and collected fossils. He s&ov
the first time many unususpecies, including an armadillo.

Among the fossils were remains of the now extigbtptodonts.
Glyptodonts were very large animals that closelyesembled
the livingarmadillos. This is shown in figure 1.3.

Artuadilla Glyptadont

Figure 1.3 Rewansrmsd log of o Elisdurt
Whrce: Wnvan nod dahmasnn: 1989)

Darwin became puzzled and started wondering: Ifthbkinds of
animals had been created at the same time, if lilneg in the same
part of the world, and if they were so much alikeen why were
armadillos still moving abouivhile the glyptodonts were long
gone and buried (Starr and Taggart: 1992)?

Nothing else in the world resembled either animdihough nobody
including Darwin had ever seen one species evolve inthan

he later wonderedwhether armadillos were descendants of
glyptodonts.

Second, he had observed that populations oflaimkinds of
organismsthat lived in different geographic regions oftemowed
remarkable differences in some of their traitatis, characteristics).
For instance, Darwin saw giant land tortoiseshen®alapagos Islands
which were off the coast of Ecuador. To his sugr@ll the tortoises
were not identical. It was recorded that even matiof those islands
and the sailors could tell which island a particulaanimal had
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come from just by looking at it (Raven and Johnsb®39). Darwin
reasoned that perhaps all those species descemdsd the same
ancestral form and had become slightly modifiecerathey became
isolated on different islands.

Darwin again wondered how such modification coutdw. He got a
clue from a book published by Thomas Malthus in8L7Ehe title of the
book was‘Essay on the Armadillo Glyptodont principlesof
population’. According tMalthus, ‘any population tends to outgrow
its resources and its members must competewlioat is available’.
This statement struck Darwin and he thought abthubha populations
he had observed during his voyage. He thought about
how the individual members of those populationsd d#ferences in
body size, form, colouring and other traits. Itrtlawned on him that
some traits could lead to differences in the gbildD secure scarce
resources (Starr and Taggart: 1992).

Exercise 3.5

1. Mention two pieces of evidence that suggeste®arwin that
evolution occurs.

2. (@) Who wrote the book called ‘Essay on thengples of
population’?
(b)  In what year was it published?

3. State the main ideas in that essay.

4. How did that idea help Darwin in his study tife process of
naturalselection?

As we were discussing, Darwin got a clue ofwhmodifications
could occur from Thomas Malthus's ‘Essay on the prinagplef
population’. With that clue, Darwin declared thdatwas natural
selection, that is nature selecting the ‘fit’ aegecting the ‘unfit’ that
led to modifications in members of a specieke described the
process of natural selection as follows (Starr ahdggart:
1992):

If there were struggles for existendeompetition) within a
population, then individuals that possess superior physical,
behavioural or otheattributes might have an edge in surviving
and reproducing. In othevords, Nature would select individuals
with advantageous traits aneéliminate others— and so a
population could change. Favouredividuals would pass on
the useful traits to offspring, their offspgiwould do the same
and so on. Gradually, descendants of the favounedviduals
would make up most of the population, and less Udawd
individuals might have no descendants at all.
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Darwin published his work in 1859 and it caused iammediate
sensation.Many people were very disturbed because the theory
implied that humangrobably evolved from apes, monkeys, etc,
since all share similar characteristi&urprisingly, in 1858, Darwin
received an essay from a young Enghmstturalist named Alfred
Russel Wallace (1823-1913). The essay was on ‘Fheor
of evolution by means of natural selection’! Wotaatcoincidence!
Both of themhad independently reached the same caoalus
about evolution. However,Darwin was given the credit of
propounding the theory because of the amount afeemie he marshaled
out.

Thus, Darwin’s theory of evolution is one of theimanifying themes
of the biological sciences. It provides an exptamafor three main
sets of facts about life on earth, which we obsgRutherford and
Ahlgren: 1988). These are:

1. The incredible display of different types ofing things we see

about us.

2. The different degrees of likeness among thadi things. The
likeness could be anatomical or molecular.

3. The fossil record that shows a sequence @& Kimds of

organisms that have lived on earth over billiohgears.

At the heart of the theory of evolution is the cepicof natural selection.
That means, natural selection is the mechanisnréisalts in evolution.
However, Darwin’s theory still faced a crucial tegtich worried him.
It did not explain the mechanism of heredity -ttisathe way desirable
traits or characteristics were transmitted to offgp You will read
about the solution to this problem in the nextisect

Exercise 3.6

1. Two keen observers of nature who outlinesl ttheory of
evolution by natural selection were

(@) Cuvier and Lamarck.
(b)  Darwin and Wallace.
(©) Buffon and Darwin.
(d)  Malthus and Lyell.

2. Natural selection may occur when there are
(@) heritable traits.

(b)  variations in traits within a population.

(c) adaptive traits.
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(d) differences in survival and reproduction ampanembers of a
population.
(e) all of the above.

3.2.3 Evolution after Darwin

Before Darwin’'s death in 1882 and even after his death,
many importantiscoveries have been made and these have led to a
better understanding of the mechanism of evatutidhese
discoveries were made in other fields of inquirglsas paleontology,
genetics, biochemistry, embryology, geology and Ilcpo

You will learn about the contributions of the firgtree fields in this
section.

Darwin before his death predicted that the fossdord should
yield intermediate links between the great groups ofanisms. |

believe you know the great groups of organisms?yTae fishes,
amphibians, reptiles, birds and mammals. Paleogii® (those who
study fossils) confirmed this predictiadwo years after Darwin’s
book was published. In 1861, an early bird-reptdalled

archaeopteryx was discovered. It resembledlespi@nd birds. This
is shown in figure 1.4. Like fossils of small two leghreptiles, it had
teeth and a long bony tail. Like modern birds pibsly was covered with
feathers (Starr and Taggart: 1992).

A small two-isgeed dinpaawe

L
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(¥ouwrce: Sty & Tuggarl: 1602 [Bmuree: Baven and Johraon: 1989)
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Discoveries of microscopic fossils by paleontoltgishave extended
back the known history of life on earth to morertt&5 billion years.
The discoveryof other fossils has shed light on the ways/imch
organisms have evolvelom the simple to the complex over the
course of this enormous time span. Bwolution of the major
groups of vertebrates and their relatiopshitoanother
have become reasonably well understood since Iblogies and teeth are
often seen in the fossil record (Starr and Tagd®%2).

Among the most important developments in evolwignbiology
since Darwin is the application of genetics to the theafy
evolution by naturadelection. Genetics is the science of inheritance.
If you would recall from section 3.2.2, Darwin wasorried because
his theory could not explain how pareptss on their characteristics
to offspring. In the early part ofthe e@ntury, Gregor Mendel’'s
laws of inheritance were rediscovered. Scientigtsd that those
laws accounted for the origin of new variatiomsorganisms and how
these variations were passed on from parents todfigpring.

Biochemistry is the science that examines the cbaingrocesses
andsubstances that occur in living things. Its teche® are
being usedunderstand evolution better (Raven and Johnson9)198
Would you know how this is done? Samples of thme kind of
protein are obtained from differeatganisms. Then biochemical
tools are used to determine the sequearn@wo acids in
those protein samples. Individuals, populationgcss and evelarger
groups have sequences that are chastactenf them. When
sequences are compared for, let's say, different species,
their degree of relationship can be specifiextisely.

The following information might interest you veryuech (The
Guardian: 2001)An international team of scientists from Australia,
Great Britainand the United States found that human evolution is
still operating according to the forces of natural seacwhich was
first identified by Charles Darwin. The main ndings of

the study are that:

1. Natural selection is leading women to have fhst child
earlier in life.

2. This tendency is partly inherited.

3. As a result, evolution is leading to an incirg
biological pressure on women to start familiesrliea than
later.

In the study, Roman Catholic women are found tcehea20% higher
‘reproductive fitness’ than women of other religsorJniversity
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educated women, on the other hand, had 35%erldiness than
those who left school early. The study, howevewnnfb that such

cultural influences could not explain all repuotive differences
between women. Dr Owens, a member of the resdaam from

Imperial College, London said that it was surpmsio find that

genes played almost as much of a role in decithege issues as
religion or social class. Genes were found to &xphbout 43% of
the differences in age of first child withinhe female

population.

Their next step according to Dr Owens isryad discover what
these genes are.

Exercise 3.7

1. Fields of inquiry which have contributed to abetter
understanding of the mechanism of evolution inelud

(a) (b)

(© and(d)

2. An intermediate link between bird-reptilesledl(a) ————

was discovered in the ydh)
3. is the science which explains
how characteristics are passed on from parents toroftsp

4.0 CONCLUSION

In this unit you have learnt what a scientific theceally means and its
various characteristics. You have also been inteduto the various
ideas on evolution before Darwin proposed his ogoty. It is good
to be aware that Darwintheory of evolution by natural selection
Is one of the most comprehensileemes in biology. This is
because it explains how life began and Heersified
into the organisms of today. If you had thought thaman evolution had
stopped as a result of improvements in dietssimguand medicine,
you would have been pleasantly surprised with th@rmation in
section 3.2.3. This shows that science is nevéshied. It is a dynamic
activity.

5.0 SUMMARY
The main points in this unit include the following:

. A scientific theory is an explanation about thessor causes of
a broad range of related phenomena. A theory explaiow
things are related or their common properties.

o Theories take various forms, which may be as dragra
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(@)
(b)

(c)
(d)

()

10.

(a)

(b)
(c)
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equations, statistical and prepositional formulagio

A theory is formulated in such a way that its ranfj@pplication

is indicated.

Every good theory has a predictive value.

Theories enable us to explain, predict and comin@einomenon.
They also provide us with a new way of looking atfamiliar
object or phenomena

Scientific theories include the theory of univergedvitation, the
theory of evolution by natural selection, atomic hedry,
relativity theory, quantum theory, etc.

Theories of evolution propounded before Darwiclude the
theory of spontaneous generation and the doctrindixed
species or creationism.

Events that led to the revival of discussions orol@on
include:

The discovery of many more kinds of orgarsdm the first part
of the eighteenth century.

The study of fossils which showed that |layef sedimentary
rocks held different kinds of fossils. The fossils also
appear inchronological order the deeper the Ilayer, the
older the fossil itontains.

Comte de Buffon’s observation that all mmaals he studied
hadcommon features.

James Hutton’s hypothesis that sedtargn rocks
that encasetbssils were formed by the gradual accumulation
of sediments in lakes, rivers and oceans — thdating that
the earth was millions rather than thousands ofsyelal.

The proposition of de Lamarck’'s theory ofhenitance of
acquired characteristics.

Some of Darwin’s pieces of evidence thadl@ion occurs
include the following:

Extinct species, such as the glyptodosii®wn in figure 1.3
most closely resemble the living armadillos in the saanea,
suggesting that one had given rise to the other.

Layers of sedimentary rock held differentdgnof fossils and
they appeared in chronological order.

Populations of similar kinds of orgamis that lived in
different geographic regions often showed noticeable
differences in some dheir characteristics. For instance,
the giant land tortoises on tBalapagos Islands were not
identical; thus indicating to Darwin that all tleospecies might
have descended from the same ancestral fobmt had
become slightly modified after they becamelated on
different islands.
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o Darwin got a clue as to how those modificationsiido
occur fromThomas Malthus’'s ‘Essay on the principles of
population’.

o With the aid of those pieces of evidenced athe

clue from MalthusDarwin declared that it was natural
selection, that is, nature selecting tfie' and rejecting the
‘unfit’ that led to modifications in members ospecies. That
means that natural selection is the mechanism tleads to
evolution. Thus  Darwin’s  theory consists of two
major partga) concept of evolutionary change, and (b) the
concept of natural selection.

. Darwin’s theory, however could not explain how dakle
characteristics or modifications were transmittexf parents to
offspring.

o After Darwin’s death, fields of inquiry such asl@ontology,

geneticspiochemistry, embryology, geology, ecology, etovéha
produced results that have led to a better undedstg of the
mechanism of evolution.

o The field of genetics, particularly, through thew$a of
inheritance proposed by Gregor Mendel, has given
evidence of how desirabtharacteristics are transmitted from
parents to offspring.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is a scientific theory?
(c) biochemistry (d) geology etc

2. List three characteristics of a scientific tryeo

3. Identify three events that led to the revivél discussion on
evolution.

4. Outline three of Darwin’s pieces of evidencatttevolution
occurs.

5. Describe briefly evolution by natural selection

6. How have the fields of paleontology and geneticstded
a bettemunderstanding of the mechanism of evolution?
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1.0 INTRODUCTION

Perhaps we should begin with some critical thinkingrhink of the sun
and the moon, how they periodically repeat theiovements. Think
about when you wake up in the morning, you woulst fof all meet the
dawn, thatis when night (which is always dask)gradually giving
way to daytime(which is always light). Nighttime is always
associated with sonwbfficulties such as not seeing clearly the
material things of nature, whitlaytime gives us light which enables
us to see things very well. You know that this isatveveryone of us
experiences ever y time — nighttime giving way toytdtae and
daytime leading us into nighttime and vice vei3a you know that
these events are related to the daily ‘movememtf the sun?
When the earth turns its face towards the sur,régaon of the earth
will have daylight, when it turns its back, thegron will have
nighttime. And you know that this is a continuowgm®t which man has
observed right from ancient times.

This daily motion of the sun is simpl® observe while
the annuaimotions are far more difficult to observe. Bothtons
are also related tother important events that occur on earth sisch
the seasons. In Nigerighere are both the dry seasons and the rainy
seasons while in European and American countries; have winter,
spring, summer, and autumn. These seasons as yow krmcur
regularly, one changing into the other. Thus tlegee many regularities
in nature which mankind has had to recagnfer survival since
human beings emerged as a species. These inclutie Bnd deaths,
storms and calms, the solid earth and the eveesssteas, etc. The
pattern and regularity of these changes can beesgpd as rules or
laws. These laws are called natural laws becawesedte derived from
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the natural properties of objects and phenomenis. tdhic — the laws
of nature — is the topic of discussion for thistun

You can see that it's going to be an interesting. uinyou study it very
well, it will help you to understand a lot of paal events. And

whenever such events are being discussed you wunilthe a novice
there.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o outline briefly the components of the laws of natur
o explain clearly the term ‘gravitation’
o discuss, vividly, the law of uniformity of nature.

3.0 MAIN CONTENT

3.1 What is law of nature?

From the introduction, you now have an idea of awthe law of
nature is. Would you be able to define it when dst@® do so? The
discussion in this section will help you.

Some people believe that some regularities are digm of
human imagination. They say that the human mind leaps to
conclusions because it cannot tolerate disorderclmos. Thus it
constructs regularites even whemone objectively exists
(Encyclopaedia Britannicat995). These trueegularities must be
established by an impartial or unemotional exanmmat
of data. Science must, therefore, employ ataime degree
of doubtcriticism to prevent premature generalisationseSoe also
insists on getting explanations of the causeshese regularities. It,
however, does not permit some kinds of causes. Hpstance,
attributing some causes to spiritual and divinecds is not
permissible in science.

Since scientists believe that the world is compnsi®e, that
IS, understandable because there is order in thkelwbnding the
causes ofhese regularities wouldn’t be problematic. If yoan take
your mind back to unit 3, you will remember than ‘@xplanation
about the cause or causaisa broad range of related phenomena’
was called a theory. A theoeyplains how things are related or
their common properties.
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In other words, when the properties and relatiqgmsbetween things are
discovered, including their pattern and regulaatychanges, they are
then expressed as theories. A good theory, if yaou remember from
unit 3, has a predictive value. It prophesies aertresults. But
scientific prophecy does not say that somethingaeittainly happen,
but says only that something is likely to happeithva stated
degree of probability. Thus theories that have proved to ke s
universally valid or true, that is, they are trus/ahere in the world and
have such a high degree of probability, are catlatural laws. That
means that not all theories are laws and laws dtsmot pronounce
certainties. Based on this can you give an exawipdenatural law?

The idea of a law-governed universe assumes that th
universe unifisorm. Our ability to predict events and appiye
fundamental laws of theciences depends on this law of uniformity.
That is why J.S. Mill cited ilNwala (1997) defined laws of nature as
‘nothing but the uniformities, whichexist among natural
phenomena’. Thus, laws of nature refer to, thaenspmpass the
following:

1. Those uniformities found in nature (that is uniformities
in behaviourfunction, relations and properties of things).
2. Established connection of successiveents which

make up therder ofthe universe.
3. Established theories through scientific reseébhala: 1997).

Examples of laws of nature are:

Law of the uniformity of nature
Law of causation

The law of gravitation

The law of natural selection

PP

3.2  Belief in the uniformity of nature

There is a general belief that the universe ahdsgects of it are law-
governed and that the ordinary events or proceduné nature are
uniform (Nwala:  1997). This belief is found irripitive and

traditional thought as well as in modern scieatihought. The birth
of children, death, growth, normal and abnormaluo@nces, lightning
and thunder, the seasons, day and night, etc: etpasnomena are
usually explained in terms of general rules oused laws. In
traditional thought, these laws are believed toehav spiritual and
teleological character. This means that in traddl thought, when
these events occur, for instance, death, the imadiist believes that it
was the gods who caused the death to occur andtl@$éahe death
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occurred for a purpose. Teleology is a view thatelopments occur
because of thgurpose or design they serve. Therefore,
traditional people look for theurpose for the occurrence of any
event.

If a tree, for instance, breaks or a house suddealiapses,
traditional mind will seek to explain such a happgnn terms
of thepurpose, interest and wishes of some spirituaefer Thus, the
principles, laws or factors, which the traditiomaind uses to explain
the work of natureis often speculative, that iseditational in
character. Therefore the laws or factors may beersfiious and
unreliable (Nwala: 1997). The scientist, howeveplains the work of
nature in terms of material, causal and rationetiois. That means that
the scientist reasons through and trieinal the causes by means
of some activity. We cannatowledge of anything unless we
are able to show why and how it occufbis knowledge is expressed
in terms of general rules or laws. Scienk#ics are objective,
factual and can be expressed in quantifiable Gti lke mathematical)
form. They are independent of our subjective wisdras interests.

Therefore according to J.S. Mill cited in Nwala 9¥9, it is the custom
in science, wherever regularity of any kind cantkaced, to call the
general statement which reveals the nature ofrétatlarity a law.

Science establishes such laws through the stepstled scientific
method. You know that the steps include observatiproblem
definition, hypothesis formulation, experimentatioconclusion and,
finally, an appropriate theory is formulated whetmbodies the law.

The entire universe is said to show uniform pateamd to form a
united system.

This view is called the law of the uniformity néture. You will learn
more about this in the next section. The studyattire is the study of
these laws and uniformities, which different natyphenomena show
or exhibit. The regularities, which different phemena exhibit, are sort
of connected. They form something like a web betytban be studied
separately.

Exercise 4.1

Check the rate of your understanding of thedcm far with the
following questions:

46



GST 105 MODULE 1

1. Theories that have proved to be so universallid and have
such a high degree of probability are called

2. Two examples of (1) above are (a)
and (b)

3. The laws which the traditional mind use® explain the
works of nature are #r character.

4. laws are objective, factual and can be

expressed in quantifiable forms.
3.3  The law of uniformity of nature

Men generally believe in the coherence, consistem@ommon pattern

in all phenomena, which can be observed and everomobservable
ones. Do you think that includes you? This natsemjuence, regularity
and pattern obehaviour of things is evidence that there is a
causal order. Hence, méanlieve that every event has a cause, and that
for anything that happens there must be a causetfdt is said that
like events behave alike and also haumilar causes. Belief in the
uniformity of nature enables us to explapredict and reproduce
these events, where we can (Nwala: 1997). Induc(@ntype of
scientific reasoning where facts are producedptove general
statements), according to some scientists, based on the
general law of the uniformity of nature. You wikdrn more about
induction in a subsequent unit. Since there is ramt regularity in the
occurrence of events, if we observe certain charestics in a certain
number of membersf a class, we can assume or conclude that all
members of that class must have the same ckasids. For
example, if we know from observatitimt all the men we have come
across are mortal (that is, they die), we then lkealgcthat ‘All men are
mortal’. This generalisation covers all men whodaied, all those who
are alive and all those who will be born in future.

From the point of view of logi¢science of reasoning), the law of the
uniformity of nature claims that nature is a systeemposed of many
parts. Within this system, everything happens &tinog to rule. The
law assumes that the universe does not changetheckfore, the
laws of the uniformity of nature governing its beioair remains
constant (Nwala: 1997).

David Hume cited in Nwala (1997) has criticised concept of
causation. He attributes the use of the ideaseauto the habit of
anticipating one event after another because tlasg Iheen associated
in the past. His view is that we cannot demonstratiee idea of
causation. And also that the necessary thing whinits two events
that are often associated together may ndhkeee. What is there is
the habit of seeing one following the other #meteby expecting
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that this will always be the case. For exampéel and green lights
may succeed each other without causing the otheat 1, red light
does not cause the green light to appear andveisa, but they might
succeed each other, that is, one appearing atesttier.

It is good for you to know that causal notionsdeas are being replaced
by statistical formulations in science.

3.4 The law of gravitation

In section 3.3 you were introduced to the law oifarmity of nature,
which is one of the natural laws. The next ndtlaa you will learn
is the law of gravitation. What is gravitation?a@itation is the force
which pulls every object in the universe towardrgvether object in
the universe (Arkady: 1997). It is the force thahkes a body fall
through space towards the earth. Thus the forecgtsexbetween all
bodies. For instance, two stones are not onhac#d towards the
earth but also attract each other (Abbot: 1973)rnidly, we do not
notice this force because of its smallness, alghat can be measured
with sensitive instruments.

The law of gravitation first started as a theoryudiversal gravitation.
The theory was first postulated by Sir Isaac Newb&42-1727) an
English mathematician and physicist. He tried to explthe
behaviour of falling objects. Before this theory, mysterious
interpretations had been given as the reason whgctsb do fall
downwards when suspended in space. The the@y the first
scientific ~ explanation of the behaviour of faling Newton
noted that the earth possesses some force wdticacts objects
towards it. This force was recognised as graomat force.
Gravitation is the attraction between masses. iBhghat pulls objects
around towards the surface of the earth. Henceglgéicts within the
earth’s gravitational fieldall towards the eartlfNwala: 1997).
Why don’t you experiment nowrhrow up any object you can lay
your hands on and see what happens.

Since the earth has a centre of gravity, dljeds in the universe
are attracted towards this centre. It was also notet &s objects
move awayfrom the earth, the gravitational force decreases|
their weight alsaecreases. If you can remember the definition of a
theory given in section 3.1, you would agree thas ttheory of
gravitation has turned the fictitiousdea surrounding falling
objects to science. It did this by explainitigeoretically and
empirically why objects behave the way they do.
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Albert Einstein’s theory of relativity, which wasrimulated in1905,
explained the Newtonian theory properly by assgrtivat gravitation is
aproperty of space. The presence of any physgubstance
within space causes it to curve in such a marthat a field of
gravitational force isreated (Enei2000). With this clarification
by Einstein and others, tteeory was elevated to the rank of a law.

Therefore, Newton’s law of universal gravitatictates thaany
two bodies attract each other with a force diseptioportional to the
product of their masses and inversely proportidaahe square of the
distance betweethem’. What this whole statement means is that
if the mass(amount ofmatter) of one of the two attracting
bodies is doubled, the gravitatiorattraction will also be doubled,
but if their distance apart is doubled the forcd W only one-fourth
(1/4) as great (Arkady: 1977). Newton realized tlgmavitational
attraction applies not only to bodies on the edott is also
responsible for holding the moon in its orbitma the sun. And it is
alsoresponsible for the movement of the earth asdfellow
planets in theiorbits round the sun.

Exercise 4.2

Test your understanding of the two laws discusisere with the
following questions:

1. (a) (b) and (c)
of ‘things’ is evidence that there is a cdusder.
2. Every has a cause.
3. The force which pulls every object in the wrBe towards every

other object in the universe is called
(@) centripetal force.
(b)  centrifugal force.
(b)  contact force.
(d) gravitational force.
4. The first scientific explanation of the beitwaur of falling
bodies wagivenby  —m8M—m——

4.0 CONCLUSION

In this unit, you have learnt what natural laws anel how laws differ
from theories.

And you should now be able to give examples ofuratlaws. Other
topicsdiscussed here include the law of uniformity cdture
and the lavof universal gravitation. From these discussions; gow
know that these laws relate to events which we @emes everyday of
our lives.
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5.0 SUMMARY

The main points in this unit are

o Theories that have proved to be so universallydvati true and
have such a high degree of probability are calkdnal laws.
o In general, law of nature refer to the following:

(@) Those uniformities found in naturelfaviour,
function, relations and properties of things).

(b)  Established connection of successive eveviich make
up the order of the universe.

(c)  Theories established through scientific resea

. Examples of laws of nature are the

(@) law of the uniformity of nature.

(b)  law of causation.

(c) law of gravitation.

(d) law of natural selection.

o Scientific laws are objective, factual dancan be
expressed iquantifiable form.
o The entire universe is said to show uniformgras and to

form aunited system.

This view is called the law of the uniformity oftoee.

o Gravitation is the force which pulls every objeat the
universetowards every other object in the universe. Ithie
force that makes a body fall through space towaed=tarth.

o The first scientific explanation (theory) ahe behaviour
of falling objects was given by Sir Isaac Newton (1642-1727).
o Albert Einstein’s theory of relativity which warmulated in

1905 explained the Newtonian theory further byedssg that
gravitation is a property of space.

. With this clarification by Einstein and others tlieeory of
gravitation was elevated to the rank of a law.

o The basic idea of the law is that if the mass (amhof matter) of
one of the two attracting bodies is doubled, thavigational
attraction will also be doubled; but if their dist® apart is
doubled, the force will be only one quarter as grea

o Gravitational attraction explains the behaviour falling
objects and the motions of the moon and the pdaaetl other
motions we observe on earth.

6.0 TUTOR-MARKED ASSIGNMENT
What does the law of nature refer to?

Explain what is meant by the term ‘gravitation
What is the basic idea of the law of univeggalitation.

wn =
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1.0 INTRODUCTION

In this unit you are going to learn how Westerresce originated in
ancienttimes. In fact, the next four units will introde you to how
that scienceriginated and how it evolved to its present stRlease
bear in mind that when we talk about the originsofence, we are in
essence talking about the origin of the scientifiethod. If you can
recall from unit 1, science can be defined in tewhihe method of
acquiring knowledge of nature. From the time @carded history to
the early sixteenth century AD, Western sciencegpmssed very
slowly. It was the emergence of this method of m®cée in

the seventeenth century that enabled the sciencectoeve the
impressive success it has achieved today. Tpstis important
because it will help you to appreciate how logithinking is of

indispensable value to man. It is also importardalee it will expose
the mistakes of the past and enable us to leam fih@m.

The history of Western science is going to beused in four phases
namely:

1. Origin of Western science in ancietines beginning
of recorded history to about AD 476).

2. Science in the middle ages of Europe (AD 4148)0).

3. Rise of modern science (AD 1400 to the presiem).(which
dates from the

4. Twentieth century scientific revolution.
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However, you should note that the division of higtmto these periods
iIs only a guide to help historians. Theweas never any
such clear-cudivision of time in history. Rather, one periodnged
into the next. As was mentioned earlier, this wmill only treat the
origin of science in the ancient times. The otheages will be discussed
in subsequent units. The objectives below specifgtwou are expected
to have learnt after studying this unit.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o write briefly on the contributions of ancient Egwpts and
Babylonians to science

o discuss vividly how Thales of Miletus, Anaximandand
Pythagoras explained the fundamental componentttem

o identify the contributions of the Roman Empire ttesce.

3.1 Ancient science

The origin of science is often traced to the Egymi and the
Babylonians. They originated science during the Iitt@o age when
they settled down to an organized agricultural &fed activity. It has
been possible to infer what the content of sciencthese areas was
from archaeological remains. Thishecause writing, as we know
it today, hadn’t been discovered: tl{Pampier: 1989; Nwala &
Agbakogba: 1997). It is important to note that thsciplines we call
science today separated gradually from philosophys at the time of
the Egyptians and Babylonians, people who stugiadts,animals,
stars and other heavenly bodies, rocks, sdits, were all called
philosophers. There was nothing like a botanisiplagist, an
astronomeretc. It was in Alexandrian Academy in Egyptttha
specialisations startedou will read about this subsequently.

Please also note that the word ‘philosophy’ w&enafrom two Greek
words, namely: ‘philos’ (which means love) andphkia’ (which
meanswisdom). Thus philosophy literally means ‘laxfe wisdom'.
Therefore tocall a person a philosopher was to call him aitov
of wisdom. This idbecause the reeks believed that whoever
tried to study and understandture was trying to be wise.

3.1.1 Egypt

The kingdom of Egypt was divided into three religgocentres, which
were Memphis, Heliopolis, Thebes or Hermopolis. Thesetres
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were administered by priest-scholars. They werdéedascholars
because they were the intellectualclass of theambci Egyptians.
Their power remendous and even the kings were subject to it
(Onyewuenyi: 1993).

These priest—scholars established a kind of scéyxiem known as the
Egyptian Mystery System schools. The schools weerkind of
universitywhere every known discipline was taught by thiegis.
Such disciplinesvere philosophy, comprising religion, medigine
law, mathematics,geometry, astronomy, etc. This group of
disciplines was referred to as ‘tMWisdom of the Egyptians’.
Thus a lot of ancient Egyptian sciendadged as sacred
knowledge. And such knowledge was possessedliaseiminated
by the priests. One of the main stimuli for thegor of ancient
Egyptian science was their practical needs in afitice (such as
measuring, calculations, surveying and study of weather and the
heavens). Secondtkleir understanding of the world they lived in
through religion anghilosophy (Nwala and Agbakoba: 1997).

Astronomy originated with the Egyptians tngb their
study of theheavens, the stars and the weather. They knewhbaat
best time to plant their crops was right after ke River overflowed
its banks. Their priests noticed that between eadrflow the moon
rose 12 times. So they counted 12 moons or monthlsfigured out
when the Nile would rise again. Theccuracy in these predictions
led to their invention of the lunar calendHney divided the year
into 12 ‘moons’ ormonths’ of30 days each aratlded a space of
5 days to each year, thus bringing each yeaa tmtal of 365 days
(Arkady: 1977).

Credit is also given to the Egyptians for the oraion of
mathematics. The evidence was the finding of thed Rvlathematical
Papyrus, which wasvritten during the reign of King A-ser-Re
(1650 B.C.). It containedarithmetical problems and solutions
involving the use of fractions angcimals. Another ancient text
which contains evidence of Egyptian origin of th@ences is the
famous writings of Hermes Trismegistus which camtamong other
works, books on medicine, physics and chemisther(t called
alchemy). The theory of transmutation of eletaéthe basis of
modernchemistry) first appeared among ancient Egyptians.

The ancient Egyptians were also reputed highlynedicine. They
are said to have performed caesarean operationseamul/ed cataracts
from the eyes. Evidence for these is contained in the Edwin
Papyrus, which wasxcavated. Do you know that the first physician
of the ancient world and the most famous was tlaelBEgyptian called
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Imhotep? He lived about 2980 BC. He was calleck ‘thod of
medicine’ by the Greeks and he lived 2000 yearfsrbethe Greek
doctor, Hippocrates, who in modern times is calted father of
medicine (Eneh: 2000; Onyewuenyi: 1993). The Egyi also
invented writing called Hieroglyphics and pageapyr us) on hich
theyrecorded their ideas and culture.

3.1.2 Babylonia (present day Iraq)

The sciences of mathematics, astronomy and engmgedirrigation

and canal construction) also developed in Babyla@aaut 1800-1600
BC. The Babylonians believed that the heavengewe abode of
their gods. Theyalso believed that terrestrial disasters such as
floods, insect attacks anstorms were caused by these gods.
Thus, they studied heavenly eveoasefully in order to know when
their gods were angry so as to pacify them. Out tloése practices
grew a descriptive astronomy that wa® thost sophisticated of
the ancient world until the Greeks took it over gdfected it. The first
accurate astronomical observation they recorded thwasrising and
setting of the planet Venus (The New Encyclopa@dieannica: 1995).

The Babylonians also realised the importance rédiunits of physical
measurement. Their unit of length was the fingbe toot contained
twenty fingers; the cubit, thirty fingers. The megsnents of weight
were the grainthe shekel and the talent, while their mediudm o
exchange was the barl@yampier: 1989).

Their land was harsh and was made habitable bygix& damning and
irrigation works from their two great rivers - Tigr and
Euphrates. mthematics thrived under these conditions. For
instance, they needed talculate the volume of dirt to be removed
from canals and the provision necessary for waankies. It might be
interesting to you to know that they were the tfite® divide the day
into hours, minutes and seconds, and also dividectircle into 360
degrees (The Encyclopaedia Britannica: 1995).

You will agree that the Egyptians and the Babylarsia
were obsevers of nature and they gave precise descriptigvisat
was missingvas scientific explanations. To them, all knowledgas
attributed to theevelations of their gods. They believed thawdts
the function of religion and magic to understardune but that man
could describe it and use it.
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Exercise 5.1

Now test yourself with the following questions:

1. The religious centres in Egypt were (a)
(b) and (c) and
they were administered by d)

2. Evidence for the Egyptian origin of matheitsmand medicine
can be found in a) and (b)

papyri respectively.
The first physician of the ancient world was
A day was divided into hours, minutes and sdsoby the ——

hw

3.1.3 African philosophy

From the last two sections, you have learnt thetrdmurtions of
Egyptiansand Babylonians to the origin of various sciencBsfore
we discuss theontributions of ancient Greeks, your attentioeeds
to be drawn to thanfluence of Egyptian philosophy on Greek
philosophy. You should notagain that in ancient times, philosophy
embraced all the disciplines of study including tunal science. But
with the advancement and development of learrspgcialised areas
of study such as various sciences separated fh@mn ancestor
philosophy, and became independent discipligash: 2000).

The influence of colonial education has made ffidift for many
to appreciate Africa’s contribution to world civilisah. This is
especially with regard to philosophy and sciencewropean and
Western civilisation anghilosophy owe their origins to Egypt
and Babylonia. Indeed Egyptighilosophy is the origin of Western
philosophy but Greek philosophy itsedfves its origin to Africa,
particularly Egypt(Onyewuenyi:1993). Theevidence includes the
following:

1. From the writings of the ancient Greeks theneslsuch as
Homer, Pythagoras, Socrates, Herodotus, Plutarch, Platb an
Aristotle, etc, and modern historians such as ligvi Stace,
Edith Hamilton and James Henry Breasted, we learn
(@) The fact that Egypt is said to have coloni€&rdece and

dominated its culture.

The ancient Greeks also acknowledge the Egyptiagingr of their

language, identity, science, philosophy, names h&rtgods, their
rituals, etc.
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(b)  The fact that many of the leading Greekllattuals lived and
studied in Egypt. Africa’s major contributiorte philosophy
and philosophical foundations of the various scEn
include thdollowing (Eneh: 2000; Onyewuenyi: 1993):

1. The world’s first philosopher in history Ptalotep (c
2800 BC) was an African.

2. Another  African, Ipuwar (c 2500 BC) wathe
world’s first social philosopher.

3. The black Egyptian Imhotep who lived 2000 rgea
before Hippocrates, was called by the Greeks ‘i of
medicine’.

4. Hypathia - The world’s first woman philosoph@&60-
415AD).

5. The Alexandrian Academy in Egypt, which flotesl
between 300 BC and AD 200, was the centre of the
scientific world. It was also the first testablish the
tradition of disciplinary  scholarship  and
specialisationAmong its intellectual giants were:

(@) The great mathematician Euclid who synthesise
geometry as a science in his book Elements of Gegme

(b)  Aristarchus, the great astronomer and
‘Copernicus of Antiquity’.

Human body.

(d)  Archimedes, the great mathematician who lafite t
foundation for the science of mechanics. He founited
Archimedean screw for raising water and is attelut/ith
the doctrine of levers.

(e) Eratosthenes, the librarian at Alexandria wes called
‘the most learned man of antiquity’. He also adwxhthe
knowledge of prime numbers.

) Ptolemy of Alexandria, a geographer and amoasmer.
His two greatest works were:

0] Al magest, one of the most influential sciénotworks of
all ages. It showed the paths in which the plaapfear to
move in the heavens, a detailed star cataloguéds an
extensive description ofastronomical instruments.

(i)  Geographical outline, which showed the maphaf world
representing the curved surface of the earth otaaep
surface using latitude and longitude.

If you are interested in knowing more about theidsdn origin of Greek
philosophy, the following book will be of assistano you:
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Onyewuenyi, I.C. (1993) The African Origin of Gke®@hilosophy:
An Exercise inAfrocentrism, University of Nigeriad3s, Nsukka.

3.1.4 Ancient Greeks

Through the influence of Egypt and Babylonia, thee€ks acquired
their knowledge of mathematics, astronomy and pgbphy and
developed these to an unprecedented degree (NwalaAgbakoba:
1997). Science in ancient Greece will be treatatkutwo headings:

1. Pre-socratic philosopher-scientists
2. Socratic philosopher-scientists

Pre-socratics

These people were known as natural philosopliesause they
engagedhemselves with the study of nature and the orafinthe
world. They wergen in number and they included, Thales of
Miletus, A Phoenician who migrated to Miletirs lonia,
Anaximander, Pythagoras, Heraclitus, Democritus, who were
lonian philosophers. These men are usualed early Greek
philosophers by some historians while some otla@esconsistent
in noting their non-Greek origin. They studigd gypt
erlsewhere under the same curriculum. After tkaidies, they went
back to their respective countries to expand #ecliings of the
Egyptian Myster y System School (Eneh: 2000; Onyswu 1993).

They were more concerned with the phenomenon ohgsha
They observed that physical substances (matter) change one
another but theimain concern was to find out the original
stuff from which alfiginated and to which they return. Has
such a thought ever come to your mind? They attethpo answer
this question and named the ‘world-stuff'each is tnwn way:

1. Thales of Miletus (620 -546 BC)

He is usually referred to as the father of Westdnhosophy. He taught
that water was the source of all things in theverse. According to
Aristotle (Dampier: 1989), Thales got this ideanfrseeing that the
nutriment of all things is moisture and that waterthe origin of the
nature of moist things.

Things that exist in the world are solid, liquid gaseous in form.
Water,according to Thales, underlies these forms am@ehgé from
one form toanother. Thales also forecast the eclipse586BC,
although knowledgabout eclipses was far advanced in Egypt
where he studied (Nwala andigbakoba:1997; The New
Encyclopaedia Britannica: 1995).
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2. Anaximander (611 -547 BC)

He was a pupil of Thales in the Milesian school.whes quick to argue
that water could not be the basic substance, becaater is essentially
wet andnothing can be its own contradiction. According lbam,

if Thales werecorrect, the opposite of wet could not existin
substance and that would preclude all the dry thimg the world.
Therefore Thales was wrong ( TiNew Encyclopaedia Britannica:
1995). Here was the birth of the crititi@dition that is fundamental
to the advance of science. On his own part, heddhe ‘world-stuff ’
the ‘infinite something’. This expresses the idegtthe original stuff
had no beginning, was imperishable, inexhblesti and
indestructible. He was also the first among thee®seto represent the
earth on a map, though the science of map makiagagraphy) was
known in Egypt and Babylonia.

3. Pythagoras (582 -497 BC)

He spent 22 years in Egypt and received instructiomathematics,
physics,theology, music, philosophy and ethics from thesgiri
scholars of théystery System schools (Nwala and Agbakoba
:1997; The NeviEncyclopaedia Britannicd:995).

The mathematical theory calld®lythagorean theory is named after
him. For him all things are numbers. Helieved that the universe
was composed of numbers in various shaggsares, cubes, oblong,
triangular, etc. To him all things in the univensere numerable and
could be counted. Pythagoreans (his followers)ebelil that the unit
‘one’ is the source of all numbers and they dididteinto odd and even
numbers. The whole story is interesting, isn’t it?

4. Heraclitus (535 - 475 BC)

For him the ‘world-stuff is divine fire. He was é¢hfirst Greek to
advance the principle of change as a universal @Gange, he said is
the only reality and that there is nothing permanienthe world.
According to him, ‘From lifecomes death; from death comes life;
sleep changes into wakefulness amakefulness changes into sleep’.
Everything in the universe, he says, has its owposgie (Dampier:
1989).

5. Democritus (460 BC - ?)

He was a disciple of Leucippus who is creditathwhe founding
of theatomic theory or the doctrine of matter. Hecame the
ablest and bedmnown interpreter of the atomic theory (Dampier:
1989). He proposed that matter is made up of atants they are
infinite in number and too small to be perceivgdte senses. He said
that atoms differ in size, some bigger, some smalhd that there is
empty space between them. According to him, evargtmew is
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produced from a combination of atoms and that death
cessation takes place when atoms separate.

So you can see that even the atomic theory wawikmo the ancient

times. This effort of the Greeks to explain thesibacomponents of

matter is important in the history of scientifioought. This is because
they tried to reason and to explain it in seemirgjtgpler terms.

The Socratics

They included Socrates, Plato and Aristotle. Platadied in
Egypt, buthistory is silent on whether Socrates and Arist@tlso
studied in Egypt. We shall discuss them one alfterother.

1. Socrates (469-399 BC)

He was the teacher of Plato and was born in AthEleswas a moral
teacher and sought truth by asking questions. Hiered science with
the tools of universal definitions and inductivasening. You will learn
about inductive reasoning in a subsequent unit.

2. Plato (427-347 BC)

After Plato’s studies in Egypt, he returned to &tk and opened a
school called the ‘Academy’. He taught that it wasre noble and
dignified to seek answers by reasoning rather thaexperiments. He
loved mathematics anae formulated the idea of negative numbers.
His Academy also producedphilosopher-scientists such as
Heracleides of Pontus (388-315 BBgracleides suggested that
the earth rotates on its own axis once in everyhddrs and that
Mercury and Venus circle round the sun like sagsdli(Eneh: 2000;
Nwala and Agbakoba: 1997).

3. Aristotle (384-322 BC)

He was the most accomplished of Plato’s pupilswde born at Stagira
in Macedonia. He was a tutor of Alexander theed&rHe
wrote books omlmost all the areas of knowledge - biology,
botany, anatomy, physics, metaphysics, astronomgathematics,
logic, economics, politics, lawsychology, etc. His influence on
subsequent development of science and philosaisyenormous. In
particular, his views on physics and astronomy cai@d the view most
men had of the universe for two thousand yeaosvéver, to him, the
proper means of investigation was observation. danclusion, Greek
science was said to be more of a speculative aedrékical activity
rather than experimental and practical. In thetreection, you will
learn about the contributions of Romestmience. In the meantime,
answer the following questions to check yanderstanding of
the topic so far.
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Exercise 5.2

1. Match the items in ‘A’ with those in ‘B’ bylling in the correct
letter in the space provided:

A B

Imhotep (a) Worote the book called ‘Al magest’

Hypathia (b) The first to dissect the human body

Euclid (c) The first physician in the world

Herophilus (d) The first woman philosopher

Archimedes (e) Synthesised geometry as a science

Ptolemy (f) Laid the foundation for the scienck o

mechanics

2. Pre-socratics named the ‘world-stuff ’ eachn his
own way. The following are what they named.nltifly who
named each:

(&) Water

(b)  Infinite something
()  Numbers
(d)  Divine fire
(e) Atoms

3.1.5 Science in the Roman period (50 BC-AD 400)

The last and the most important of ancient @uaifions in Europe was
the Roman Empire. People of many different racasne under its
rule - the English, the French, Arabians, Syrighigeks, etc.

The Roman Empire, however, did not have much imitege in the
development of science. It was more interestedbimguoests and
maintenance of power through political and military
administration. Thespirit of independent research was quite
foreign to the Roman mind, saientific innovation was interrupted
for awhile(The New EncyclopaediBritannica: 1995). However,
some scientific works were produced during thesiqu, but none of
them was revolutionary in nature. They were maialy detailed
explanation of scientific conceptions already aleped in
Alexandria or Greece. These include:

1. Geographical science

The wars and military expeditions of the Romwedded much
further geographical knowledge to mankind. Natioms
countries, which wereelatively unknown, entered the world
map. Julius Caesar, one eoiperors gave the world its present
calendar called the Julian calendar in 46 BC.His talendar, the
length of the year is fixed at 365 days and & 88&ys at every fourth
year. There were 12 calendar months of 30 and &% @xcept for
February, which has 28 days. However, February 2@&sdays at
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every fourth year or leap year. The month of Jslglso named after
Julius Caesar (Nwala and Agbakoba: 1997).

Additionally, Pope Gregory Il made a slight owvation to the Julian

calendar. He made the leap year occur in any yase number is

exactly divisible by 4. The only exception is thentenary years whose
numbers are not exactly divisible by 400, for amste, 1800, 1900. The
revised calendar is called the Gregorian calendar.

2. Medical education and health care

The Romans of this period also established halspiand paid
physicianswho worked there. They also promoted public health,
hygiene andanitation.

3. Pliny’s natural History

Pliny (AD 23-79) promoted the development of natumstory. He

wrote a book on natural history and the topicsdidcussion in it were
on animals and plants, especially medicinal plamisd their uses.
However, the book was a compilation of 2000 wdrks146 Roman
and 326 Greek authors.

In conclusion, both scientific research and tk&oal science were

in decline under the Roman Empire. The advanceg thade were
more of a practical nature.

4.0 CONCLUSION
This unit has introduced you to how science indted in
EgyptBabylonia and how the sciences were advanced furth@reece

and in the Roman Empire. You have also been infdrthat Western
philosophy and science owe their origins to Egypt.

5.0 SUMMARY

The main points in this unit include the following:

o Science originated in Egypt and Babylonia (whicprissent-day
Iraq).
. Egyptian priest-scholars established a kirfd school

known as thd&gyptian Mystery System Schools where every
known discipline was taught by the priests.

. Evidence for the Egyptian origins of mathematicsd anedicine
can befound in the Rind Mathematical Papyrusd an
the Edwin Papyrusespectively.

. Babylonians developed the most descriptive astronof the
ancientworld.

. They were the first to divide the day into hoursnutes and
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seconds and also divided the circle into 360 degree
Egyptian philosophy is the origin of Western phdphy.
Evidence can be found in the writings of anci@reeks
themselves such as Homer and Pythagoras, and frodemm
historians such as William Stace and James Hé@&regsted.
Pre-socratics named the original stuff from whaihthings
originated and to which they return. The namesmgivere:

(@) Water by Thales of Miletus

(b) Infinite something by Anaximander

(c) Number by Pythagoras

(d)  Divine fire by Heraclitus

(e)  Atoms by Democritus

Socrates enriched science with universal defingi@nd
inductivereasoning.

Plato formulated the idea of negative numbers

Aristotle wrote books on almost all the areas lofowledge -
biology, zoology, physics, astronomy, etc.

Scientific innovation began to decline in the Rongampire.

The calendar invented by the Egyptians was matlifigther
by Julius Caesar and Pope Gregory Il

TUTOR-MARKED ASSIGNMENT
Write briefly on the contributions of ancie&gyptians and
Babylonians to science.

How did Thales of Miletus, Anaximander and H&goras
explain the fundamental component of matter?
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MODULE 2

Unit 1 History of science — 2 (Science in the Mald\ges of
Europe)

Unit 2 History of science — 3 (Rise of modern scie)

Unit 3 History of science — 4 (The twentieth cewtgcientific
revolution)

Unit 4 The lost sciences of Africa — 1: An ovewie

Unit 5 The lost sciences of Africa — 2: An ovemwie

UNIT 1 HISTORY OF SCIENCE-2 (SCIENCE IN THE
MIDDLE AGES OF EUROPE)

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Science in the Middle Ages of Europe
3.1.1 Science in the Dark Ages
3.1.2 Science in the Renaissance period
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

We studied the origin of western science in thaeartdimes in unit 5.

This unit is a continuation of that unit. Hevee shall learn about
how science progressed in the Middle Ages of Eurdfiddle Ages as

we learnt in unit 5, is a period in European higtbetween about 476
and 1400.

Please remember that history has no clear-cutidings Rather, one
period merges into the next. The history of sciengkich you will
study from units 5 to 8, is essentially about Ewap science. You
will also learn about Africa’s contributions to thedvancement of
modern science in module 3unit 3.
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20 OBJECTIVES

At the end of this unit, you should be able to:

o discuss vividly the state of science during the kDAges of
Western Europes

o outline the contributions of Arab scholars to sceen

o write short notes on Robert Grossetesste, RogaorBamnd

Leonardo de Vinci.

3.1 Sciencein the Middle Ages of Europe (476 - 1400 AD)

The Middle Ages are also known as the medievalogerihe period
was dominated by Christian Theology and characterisgdnigial
decline ofscience and its rise again much later (Nwala anldakgba:
1997). There are two phases within this periodtaeg are:

1. The Dark Ages (450 to 800 AD)
2. The Renaissance (9th to 15th century AD)

3.1.1 Sciencein theDark Ages

This is the first part of the Middle Ages in Europ&s a result of
constaninvasions by barbarian tribes (the tribesutside
the Roman Empiregjvilisation which had flourished under the rule
of the Roman Empire, came to a standstill. Develapmnin learning,
architecture, science and art slowed down or sw@i®gether. Life
also became unsafe as a result of the many wars@rtiee petty
kingdoms within the Empire. A kind of ‘darkness’ vawed life in
Europe. For this reason, the period from about ABO 40 800
iIs sometimes called the ‘Dark Ages’. (You mightibterested to know
that this was the period when the old kingdom ofath reached the
peak of its civilisation).

All through the Middle Ages, there was only one iStein church
(RomanCatholic) in Western Europe. It became a symbaliruty,
such that theunited Christian world was called ‘Christendom’. rig
the Dark Ages, thdathers of the church showed little interest in
knowledge of nature for it®wn sake. They believed that holding
discussion on the nature and positafrthe earth would not help them
in their hope of life to com@amper:1989). Therefore, the desire and
the power to study nature with an opamd gradually passed away.
From the Christian perspective knowledge of natwas valued only as
a means of edification, or as an illustration af Jassage of scripture.
People soon lost the ability to criticise and bheadieanything
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particularly if it was in accordance with the sctuiges.

Example, a dictum of Aristotle, says, ‘everythitgt moves is moved
by something else’. Thomas Aquinas, one of theefattof the church,
used the statement as evidence that God must sixise he is an
unmoved mover. Aristotle’s cosmology was the dominbasis of
science in the Dark Ageand the scholastic period— the period of
Arab influence (The New Encyclopaedia Britannic®3pPHe
believed that heavenly bodiefuenced human destinies.

However, some advances were made during this padodever, their
fundamental nature, really made people not to eotitem. These
included the inventions of the rigid horse collardathe iron horse
shoe. While the rigid horse collar helped to stiné& weight of a load to

a horse’s shouldethe horseshoe protected a horse’s hoof from
damage and so enabled #memal to travel farther and faster
than it could without them. These wamportant inventions, since
the wuse of horses were their means ofd teamsportation
(The New Encyclopaedia B ritannick995). What do yothink
were the means of land transportation in Africthat time?

In addition, the monks in monasteries ensured sbhate amount
of learning was kept alive. During that period, ytheanslated

ancient knowledge and works of the Egyptians, Babyloniamsl a
Greeks into Latin. They also kept alive some knalgke of the art of

agriculture, since they were practical farmers.

While Europe was in the Dark Ages, Islamic learnst@rted to flourish

in the East. To the Arabs, ancient science wageiqus treasure. They
eagerly searched for the writings of the Greekstaauslated them into
their language. In this way, much of the ancient scigpagssed
into Islamic culture. Greek medicine, astronomy and astrology,
mathematicsphilosophical works of Plato and particularly, Aote
were assimilated in Islam, by the end of the 9thtwey. The Arabs,
however, did not stop with assimilation (The Newciglopaedia
Britannica: 1995).

They criticised and tried to make their own innawas. Don’t you
think that should be the attitude of we Africansvéods scientific
advancements?

Don’t you think that Africans should not just usedign-made goods,
for example, without some healthy criticisms? Yoaymecall from unit
2 thatcritical thinking was defined as the testing andlaation of
proposedsolutions to a problem. In unit 5 also, it was named that
‘critical tradition is fundamental to the advandesoience’. You might
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be aware that some dhe foreign-made goods don’'t function
properly in Africa because of thesather, even though they help to
solve some of our problems. Would you be ablegitee some
examples of the foreign-made goods?

As we already mentioned in the foregoing, thealb®r criticised
and innovated. Their major interest was in Astrogomrnd
Astrology. Theyconstructed great astronomical observatories, lwhic
they used in checking Ptolemaic predictiogou may read about
Ptolemy’s work in uniB, section 3.1.3 of module 1). The Arabs
further made many improvements in medicine. In rtHeands, the
primitive chemistry of the Greeks knownashemy developed into
modern chemistry. Rhaz€865-925) was theeatest of the Arabic
alchemist. His works were based on experience apergnent. The
most eminent Muslim physicist was Ibn-al Haithan591020 AD).
His chief work was done in optics and showed a tgezbvance in
experimental method (Damper: 1989; Nwala and Agbak&997).

Islamic thinkers were fascinated with numbef$is fascination
thusserved as the motivation for the creation of atggfrom Arabic:
al-Jabr) and the study of algebraic functionse(New Encyclopaedia
Britannica: 1995). They also borrowed the ideazefo from the Hindu
mathematicians and invented the Arabic numerals. tHs not
interesting? Do you know what the Arabic numerale? You might
know but may not have known whiovented them and how they
were invented. The Arabic numerals ate,3,4,5, etc. Are you
surprised? You would now know the importance of
this invention. Just imagine how our everyday woblale been like
without these numerals? We wouldn’'t be able to dwomgl
mathematics, varioubusinesses would not have been able to
keep records, and governmewtsild have found it difficult to take
census and so on and so forth.

Towards the end of the medieval period, it waglely recognised
that the East held the secret of ancient wisdomeaming and science.
Thus, the Europear(svest) developed interest in Arabic language
and commencetianslations of books from Arabic to Latin. You can
observe the influence of Arabic learning of thisipeg from several
basic scientific terms that have their originsAnabic or Persian
language (Nwala and Agbakoba: 1997). Examples declithe
following:

1. Pharmaceutical terms: alcohol, camphor, andpsy(iThese are of
Persian origin
2. Technical/astronomical: Zenith, azimuth, azete, (These are of
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Arabic origin).

3. Mathematical terms: zero, cipher, sine, rotdelara, algorism,
etc

4. Music terms: lute, guitar, rebeck, etc.

5. Other words of Arabic origin include: almanatattress, take,

tartarm astronomy, etc.

However, the Arabic or Muslim science was vepeaulative.
making little or no experiments. It was not emgafi By the close of
11th century, the decline of Arabic learning hatlis, and from then,
science was chiefly a European activity.

Exercise 6.1

1. List two characteristics of the Dark Ages oifr@&pe.

2. How did ancient science pass into Islamicuwel?

3. Identify what you think are the contrilmms of Islamic
scholars tescience and society.

3.1.2 Science in the Renaissance Period

This period is the second half of the Middle AgésWestern Europe
and it started from the 9th to 15th century. Durthgs period, men
began to be dissatisfied with a way of life, whivlade progress very
slow. People felt that changes in ideas, in belafsl in ways of
thought were necessary. Thacient Greeks and the peoples of
other ancient civilisations had writterany books on mathematics,
astronomy, geography etc., and learned men of ghrsod began to
study these ancient writings. This increasing @efr knowledge was
satisfied by translation of the Greek books intatifh. This
was done in two ways: firstly by retranslation froine Arabic and later
by

direct translation from the Greek (Damper: 1989).

The learned men of this period saw that the an@eholars had a lot
to offer them.But they were not satisfied to learn simplyatvh
those before them haditten or taught. They tried to find out new
things for themselves. (This should exactly bedtigude of Africans
and Nigerians in particular towards scientific depenent. Don't you
think so?) You would observe that this attitude mnaissance men
was different from that of the men of the DarlesigMen of the Dark
Ages were often satisfied with whatever they Igamthout any form
of questioning.
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This spirit of questioning old beliefs and formingew opinions

generally came to be described as the ‘Renaissamdath means

rebirth or revival of learning. The revival wasuged in Italy by three
famous scholars: Dante (1265 -1321 AD), Petraf@d04 -1374 AD)

and Boccaccio (1313 -1321 AD). These artists triedshow how

superior the learning, art and culture of the aentiGreeks were, and
this led to a revival of interest in the Greekdaage.

In the field of science were two very influentiddeblogians
and philosophers: Albert ‘the Great’(1193 -1280 AD), Bavarian
Dominican priest, and Thomas Aquinas (1225 - 12T),Aan Italian
monk. Both of them taught at the University of Bafihey were the first
to accept the idea of a distinction between knogéof nature and
revealed knowledge. Buhey also pointed out that God was the
author of both. This rationalistic approach sepagaarge segments
of human knowledge from theologyrepared the way for a
relatively independent development of scien@@amper: 1989;
Ene: 2000; The New Encyclopedia Britannica: 1995).

Some scientists of this period with experimemtadl practical bent
of mind include the following:

Robert Grosseteste (1175 -1253). He was an English
philosopher science. He determined the main direction of thesial
science in the 13th and 14th centuries. He had ledye of the
workings of mirrors and of the nature of lenddw/éla and Agbakoba:
1997).

Roger Bacon (1214 - 1294 AD). He was an English, Franciscan
Monk.

He was the first man in Europe, during the resamse
period, @proached in scientific spirit, the great Arabiamkso
preceded hinfDamper:1989). This was because of his clear
understanding thagxperimental methods alone give certainty in
science. This was eevolutionary change in mental attitude. He
read all the authors he couldach. This included those of the
Arabic and Greek authors. Instead adcepting the facts and
inferences of natural knowledge from the scripturtbe fathers, the
Arabians or Aristotle, he told the world that thealyo way to
verify their statements was to observe and erpamt. But in spite of
his writing, he did not appear to have done mugpeamenting
himself, excepin optics.

In addition, for all his comparatively advanced loadk,
accepted most of the medieval attitude of mindsTas with regards to
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the fact that the end of science and philosophytevaxplain and adorn
their queen - theology.

Leonardo da Vinci (1452 - 1519). He was an Italian and he could
stand as the incarnation of the true spirit of scikatihought of the
renaissance. He was a painter, a sculptor, an eagian architect, a
physicist, a biologisand a philosopher. He was indeed supreme
in each role. To him, bservation of nature and experimentation
were the only true methods stience. He also believed that
knowledge of the ancient writers could be usedal a starting point,
but could never be conclusive. He opined thathematics,
arithmetic and geometry gave knowledge thafs certain
within their domain, and therefore had somethmga with reasoning.
But true science, he said began with observation taibt
certainty ofknowledge. According to him again, ‘those scienebgh

do not begin with experiments, the mother of calttainties and which
do not end with one clear experiment are vain aficf errors’. Science
to him Give certainty and power (Damper: 1989).

Leonardo might have been great, but it is tortmed that he did not
solely originate the scientific spirit he displayedberti (1404 -1472)
had studied mathematics and did physical experisnéetfore him.
While he washelped in his anatomical researches by Antonio
della Torre, Amerig&espucci gave him a book on geometry.

What do you think we can learn from the men of Resence? If your
answer includes the following, then you are onrtpkt track:

1. They truly founded modern science. They emigkds
observation, hypothesizing and experimentation,civhare the
core elements of the scientific method.

2. In spite of the above statement, sciencehatRenaissance
period was still a branch of philosophy. This iscause
renaissance men were still philosophers in spité their
advanced scientific outlook.

3. Africans, especially Nigerians of all works &fe should
cultivate the habit of using the scientific methmfdreasoning. It
was the emergence of this method and its usel¢dato the
advancement of countries of Western Europe and attheanced

countries.
Exercise 6.2
1. What is ‘Renaissance’?
2. Where did it start and who started it?
3. Mention the two people who started the Renassa science.
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4.0 CONCLUSION

In this unit, we have discussed how Western sciewbéch originated

in the ancient times, progressed through the Day&sfand Renaissance
period. As you are now aware, the Dark Ages aedaissance period
constitute thetwo parts of the time called the Middle Ages of
Europe. Within theseperiods, Western science was still trying not
only to find its feet, but also to free itself mothe clutches of
philosophy and religion. The next unit will focus bow science finally
found its feet.

50 SUMMARY
The main points in this unit are as follows:
o The Middle Ages of Western Europe comprise two spisa

which are: the Dark Ages (450 to 800 AD) and the
Renaissance (9th to 15th century AD).

o In the Dark Ages, knowledge of nature was valuety @s a
means of edification or as an illustration of thasgages of
scripture.

o In that period also, people lost the abilibydriticise

and believedanything that was in accordance with the
scriptures. Thus, science and earning declinedlisapi

. In that same period, the monks in monasteries laets ancient
works into Latin and thus kept alive some amouréarning.

o While Europe was in the Dark Ages, Islamic learngtgrted to
flourish.

o Islamic scholars translated Greek writings intoirthéanguage
because they treasured ancient science.

. In this way, ancient science passed into IslamituoeL

o The Arabs did not stop with assimilation. Theyaal
criticised andnnovated.

o In their hands, the primitive chemistry of the Gke&known as
alchemy developed into modern chemistry.

o Islamic thinkers also created the science Igelaa and the
study ofalgebraic functions.

. They also borrowed the idea of zero from the Hindu
mathematicians and invented the Arabic numerals.

o Many scientific terms such as alcohol, syrup, Zendlgebra,
zero, sine etc. are legacies which Arabic scieafted mankind.

o The Renaissance period was characterised by @easing
desire for knowledge such that critical power résted.

o The Renaissance in science was started by twdoipeaos:
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6.0

2.
3.

7.0

Albert the Great (1193 -1280 AD) and Thomas Aqui(E225 -
1274 AD).

They were the first to accept the idea of a dcdtom between
knowledge of nature and revealed knowledge. Th&y pointed
out that God was the author of both.

This attitude of theirs prepared the way for a treddy
independent development of science.

Some scientists of this period who emphasised the
methods of observation and experimentation were: Robert
Grossetesste (1175 - 1253 AD), Roger Bacon (12294 AD)
and Leonardo da Vinci (1452-1519 AD).

TUTOR-MARKED ASSIGNMENT

During the Dark Ages of Western Europe, thsirgeand the
power to study nature with an open mind graduadigsed away.
State the reason for this.

What were the contributions of the Arabs taigarthe

development of science?

Write short notes on Roger Bacon and LeondedVinci.
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1.0 INTRODUCTION

This unit is the continuation of the History of Wes science. The last
unit described the state of science in the Middge#\of Europe. In
that unit, we learnt how Western science was tsjilhg to find its feet,

and to free itself from the clutches of philoso@nd religion. This unit
will introduce you to how that science finally beoa independent. The
objectives below specify what you are expectedhdwe learnt after
studying this unit.

20 OBJECTIVES

At the end of this unit, you should be able to:

o compare accurately the Geocentric and Heliocentories of
heavenly motion;
. write concisely on the contributions of Galileo, ({er and

Newton towards the change in scientific outlooklué 6th and
17thcenturies;

o explain briefly why the 19th century is regardedtss beginning
of the scientific age.

3.1 Riseof modern science

This topic will be discussed under the followingotaub-headings:

1. The scientific revolution;
2. The classic ages of science.
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3.1.1 Thescientific revolution

This was a period that witnessed a complex chamgeientific outlook.

It started in the late 15th century, and reachedcighest point in the
16th and17th centuries. True experimental science, freenfro
philosophy andeligion, emerged in the 16th and 17th centuries.

The first great change in scientific outlook aftbe renaissance
was made by a polish mathematician and an astronombxdca
Nicolaus Copernicus (1473 - 1543) (Damper: 1989). You waltall
that in unit 5 of module 1, we came across a nallea Ptolemy of
Alexandria. He was a geographer and an astrondgewrote a book
called Al Magest. In that book, he showed how teavenly bodies
such as the moon, the stars, the sun and all theefd move.
According to him, the earth is located at the e=pf the universe, and
all other heavenly bodies move round it in circl€kis view of his, can
be called the Ptolemaic system or Geocentric systeneocentric
Theory.

Figure 2.1 below illustrates it.

Fig. 2.1 The Ptolenaic world syatem

By now you might be asking, ‘How does Copernicosne into all
these’?Ptolemaic system was the view which people of that
time had ofmovement of heavenly bodies, until Copernicus came
along and challenged it. To Copernicus, the suat ithe centre of the
universe while the earth amdher heavenly bodies move round it
in a uniform, circular motion. Thigew is known as Copernican
world system or Heliocentric theory (Nwala and Agbba: 1997).
Figure 2.2 below illustrates it.

It is important to note that the Copernican thewgs not based on

experimentation. He based his theory on logicalumgtions or
hypotheses and his taste for aesthetic symmetnya{@&and Agbakoba:
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1997). He considered theory as a serious worktiom@smy rather than
in philosophy. So he set out to justify it obserwaally and
mathematically. As a result, he had a lot of dotdlwith the church
authorities. The implication of his theory is tHaimanity nolonger
stands at the centre of creation, since thehesamo longer at the
centre of the universe (Damper: 1989; The New yElopaedia
Britannica: 1995). It is not surprising to know that theopke of
that time and theiauthorities felt bad over the affront to them and
their earth, not being the centre of attractiothm universe.

Galileo (1564 - 1642), an Italian, provided a most beautiful
evidence, to justify that ancient authorities should no londer
accepted withoutriticisms. He invented a telescope and used it to
view the heavens and thg®nfirmed the Copernican theory that
the sun was at the centre of tiverse. Galileo also got into
trouble with the church authorities for faigdacity to be on the side
of Copernicus.

Credit is usually given to Galileo for discovegiand establishing the
true method of physical sciences. This is because chmbined
experimental and inductive methods with mathematieductions to
obtain his results.

You will learn the meanings of induction and dedurttin a subsequent
unit. The experiment he carried out was to usddlescope to view the
heavensYou will recall that it was said in urfit of module I,
that whosoever‘experiments’ after observations and hypothesis
formulation are carried outbecomes truly ‘scientific’ in his
approach. Experimentation is the veegsence of the scientific
method. Thus, we can safely say that one of tleatgst scientific
discoveries of Galileo was the invention of #wentific instrument

of observation called the telescope. With the didhe telescope, he
saw countless stars, whose existence no one hpdded.

At the same time Galileo was searching the heaweis his telescope,

in Germany, Johannes Kepler (1571 - 1630) was cheay them with

his mind (The New Encyclopaedia Britannica: 199%.was the first

to applymathematics as an empirical instrument in searcfang
the laws ofheavenly motions. He was an advocate of the
heliocentric theoryGreatest achievement as an astronomer was the
discovery of the three laws of planetary motion.eTlaws are as
follows:
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I. All planets travel about the sun in an ellipticavdl) path,

il. A planet moves faster in its orbit as it nearsghe,

iii. There is a relation between its distance from theand the time
it takes to make an orbit (that is one movemenhdatne sun).

What Galileo and Kepler could not provide, althbugey tried quite
hard, were answers to these questions:

I. If the earth revolves on its axis round then,sthen why do
objects not fly off it?

il. How is it possible for the earth suspendecimpty space to go
round the sun - whether in circles or ellipsesthaut anything
pushing it? Theanswers were long in comifghe ew
Encyclopaedia Britannicd995).

The year 1660 seems to be the most important timeearly

development of modern science. It was in that y#eat Isaac Newton
(1642-1727 AD) achieved one of the greatest suesegkall times. In
other words, through his work, he confirmed thaultssof Copernicus,
Kepler and Galileo. Thus all the results (of Copeus, Kepler,

Galileo and Newton) formed the first great synthesi physical

knowledge, which is the primary aim of science.

This means that science aims to be ablecambine many
unrelated facts, so as to be able to explain, praaid control nature.
Newton proposed a principle of gravitational rattion, and used it
to answer the questions posed by the works ofi€@adind Kepler. The
basic ideas in the principle are ‘each object i timiverse attracts all
other bodiedo the centre of its form, and that if the madsone of
the two attractingbodies is doubled, the gravitational attractioll w
also be doubled; but if their distance apart aslded, the force will
be only one-quartgl/4) asgreat’ (Arkady: 1977).

By using this theory, Newton was able to explthe motion
of theplanets round the sun, the familiar fall to theugrd of fruit from
trees, and all other motions which we see on edfie accuracy of
Newton’s theory otaw proved to be amazing. With the help of
this theory, generations astronomers have been able to explain
and predict astronomical event®ampier: 1989). Do he words
theory and predict ring a bell in yoonind? As we mentioned in unit

2 of module I, ‘every good theory has a predetwalue’. Thus,
Newton’s theory is a good one.

Francis Bacon (1561 - 1626 AD) is regarded as the first

person to attempt to arrange the steps of the scientifichoetin a
logical manner. He emphasised the role of scientdiscoveries and
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inventions in giving man mastery over the forcéeaiure.

At last, we have seen the true beginning of odeianse.
At rena issance, science was still a branch of piplegobut after that
period, it succeeded in finding its own method dfservation and
experiment. Where it is necessary, mathematicdysisas also used.

Exercise 2.1

1. State the Geocentric and Heliocentr ic treriName the
people who proposed them.

2. What would you call the observation made by&aicus and
Galileo?

What are the reasons for your answer?

3. confirmed the Heliocentric theory.

4. discovered the laws of planetary
motion.

5. The results of a) b)
C) and d) ————

formed the first great synthesis of physical ktezige.
3.1.2 Theclassic ages of science (18th and 19th centuries)

At the time of the scientific revolution, sciditi advances were
restricted largely to physics, Astronomy and Chemighat is to the
say, physical sciences). In the 18th and 19th wesd, further
advances were made in Mathematics and Astrondme of the
major advancements in Chemistry in the 18th cgntwas the
discovery of the role of air and gases generallghemical reactions.
Such chemical reactions include combustion (lmghand respiration
in organisms.

The person that can be called the ‘Newton of Mikey’ was a
mannamed Antoine

Laurent L avoisier (1743 - 1794 AD). He discovered that it was
a gas, which he named oxygen that enables combustion {thg)nand
respiration to take place (Dampier: 1989; The NewncyElopaedia
Britannica: 1995).

As you might be aware, people of nowadays now ilake granted that
we need ‘air’ in order to breathe well. Try to inmag what people that
lived before Lavoisier thought of an activity likeurning of things.
They were not able to explain why burning takescelan certain
situations and not others. So you can appreciate hibauty of
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discoveries and inventions.

The revolution in chemistry was both a revolutionmethod as well as
in ideas. Lavoisier insisted that the central comad the new chemistry
was the use of gravimetric method. This involvpaying particular
attention tothe weight of the ingredients involved in cheah
reactions and of theroducts that result. He found from his
experiments that the weight of theoducts of combustion (burning),
for instance, equals that of the original ingesds. His discovery
became known as the law of the conservation of f@s®atter).

The 19th century has been regarded as the begimfirthe scientific
age because of many reasons. They include thewfolip (Dampier:
1989):

1. There was very rapid growth of knowledge afuna during the
period.
2. It was during this period that the view oradeeople had of the

natural universe changed, by recognising that ‘maas also
subject to the same physical laws and processebe world
around him. Therefore ‘man’ should also be studied.

3. It was also realised that all the field of Wwiedge could use the
scientific method and not just pure science alone.

4. Again, within this century, people started carryingt
scientificinvestigations, with the sole objective of gainimgre
knowledge. It wasunderstood that such investigators were
moved by their insatiableuriosity concerning the unknown.

5. The knowledge obtained by investigators a&baas used by
applied researchers to produce and invent thiRgs. example,
in 1864, James Clerk Maxwell, a British Physicisinducted
research to determine the relationship between aedtother
forms of energy. He expressed his findings inhmatatical
formulas to design cars and even rocket enging¢ thase fuel
more efficiently.

6. Thus within this period, scientific researcimdaindustrial
development went hand in hand. This was unlikefarmer
ages when the need to solve a problem led to trorenunless
those inventions were produced by accident.

You may have observed that the study of living disir{Biology) had

laggedfar behind chemistry and physics. This was becauseple

at that timebelieved that organisms were too complex for thiem
study. However, in the 19th century, researcheterest shifted from
astronomy to geology and from physics to biologyheTmajor

discoveries of the 19th century include the foilogv
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1. The understanding that atoms and mdédscware the
basic buildingolocks of matter.

Does this statement remind you of anything® does, it means you
have been understanding the materials presentethfoprevious units.
In module I, unit 5, we learnt that, the early Geeé&ied to find out what
matter was made of. Various answers were given agcater, divine
fire and atoms. It was Democritus that mention@uns. It was only in
the 19th century that John Dalton confirmed thatDeritus was right.
Let's use water to illustrate. It is now known thedter can be produced
by combining hydrogen atoms and oxygen atoms. Gucecombine
two atoms of hydrogen with one atom of oxygen, west@roduced!

2. The understanding that cells are the basildibg blocks
of living things. Although in 1665, R obert Hooke used his
primitive microscope to observe that plant materiahve a
cellular structure (Dampier: 1989). He only saw tléline of the
cells and not what was inside. To say thatls are the basic
building blocks of living things means that evdmyman
being, other animals and plants are built up ficslts. It is just
like building houses with blocks. Living things abailt with
cells.

3. In human beings also, the cells which aidadpction are
called gametes. The gametes from fathers are called sperms
while those from mothers are called eggs or ovae Th
combination of the sperm of a man and the egg fnesn wife
brings pregnancy, which ultimately results in brigg baby or
babies into the world after nine months of pregyaThis is
what happens in all living things - whether ptandr animals.
That is why it is said that ‘cells are the buildibpcks of living
things’.

4 The statement that ‘cells are the building ckfo of living
things’ is called the cell theory. In ur#itof modulel, it
was defined as arphenomena. Scientists observed from
experiments that all living things were composeceifs. They
also observed that each living thing wdsuilt up by
combining cells. So in1839, two scientists, Theodor
Schwann and Matthias Schleiden made this general
statement omroposed a theory that ‘cells are of universal
occurrence and are the basic building blocks of oeganism
and that cells come from pre-existing cells’ (Ro&el1971).
This theory is one of the fundamental theories iofdg)y.

5. Another fundamental theory of Biology propssa the 19th
century was the theory of Evolution. You can novsefe that
topics that make up this course are interconnectéou will
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recall that in unit 3 of module 1, this Evolutiorasvdiscussed.

Although there are many theories of atioh, the one
which thescientific circle accepts is the theory of evauatby
natural selection, which was proposed by Charleswidain 1859.
Charles Darwin is also called the ‘Newton of Bigyd This is
because the publication of Hiseory led to an explosive growth
of biological sciences just adNewton’s work stimulated in the
physical sciences.

People started carrying out experiments here agre tleither to confirm
Darwin’s theory or to prove him wrong. Some peomere not
prepared to accept the ultimate indignity of haviadescended from a
bacterium, and of sharing common ancestors withkeys), apes and
even worms. The theory ignited an excitement in #wentific
community that has not yet fully died.

People were then willing to research on plaatsd animals,
which theythought were too complex to study.

Exercise 2.2

1. The Newton of Chemistry and Biology were
a) and Db)
respectively.

2. The basic building blocks of matter and livihgngs are
a) and b)
respectively.

3. In year a) —two scientists b)
and
C) proposed the cell theory.

4. State the cell theory.

4.0 CONCLUSION

In this unit, you have Ilearnt how #emwas a
complete revolutiorscientific outlook from the late 15th century
onwards. Experimental science became independephitosophy and
religion. You have also learnt that the 18th andhl®enturies are
called the classic ages of science because of #tp@oson in
knowledge of nature that occurred at that time. Yaoull
also note that the explosion is still continuiifg,you think about all
those stories about genetic engineering, chemiogineering, cloning
of animals, etc. These will form part of our dissios in the next unit.
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50 SUMMARY

The main points in this unit include the following:

82

There was a complete change in scientific oktloom late
15th century up to 17tkentury. True experimental science,
free from philosophy and religion emerged in ii&¢h and 17th
centuries.

The first great change in scientific outlook wasdm#y Nicolaus
Copernicus (1473 1543). He disproved the Ptolemaic system
or Geocentric theory, which stated that ‘tbarth was the
centre of the universe and all other heaveblydies
move round it incircles’. To Copernicus, the sun was the
centre of the universe while the earth and otheavenly
bodies move round it, in a uniform circular mat This
view is called theCopernican world system or Heliocentric
theory.

Copernicus got into trouble with the church auities who
believed the Geocentric theory. But it did not maka give up
his theory.

The next person that brought this change iensdic
outlook was Galileo (15641642). While Copernicus
obtained his result by using simple arlations
and mathematics, Galileo added experiments to those ke
invented a scientific instrument of observationllezh the
telescope. This instrument enabled him to ext@sdsense of
sight and he saw clearly that the sun was at tméreef the
universe. Thus confirming the theory of Copernic@slileo is
thus called the discoverer of the true researcthoaeof the
physical sciences.

Johannes Kepler (1571 -1630) discovered the s latmat
govern movements of the heavenly bodies. He tvadirst
person to apply mathematics as an empirical ingninto
discover these laws.

However, in spite of their results, Galileo and Kepcould not
answer why objects do not fly off the earth, cdesing their
submissions that the earth revolves or moves rated sun.
Another question they couldn’t answer was how isyassible
for the earth, which was suspended in empty spag® round
the sun without anything pushing it.

It was inthe year 1660 that these questions ewarswered
by Isaac Newton (1642 -1727 AD. He proposed a thexr
gravitational attraction to answer these guesti@ravitation is
the force that pulls every object in the universedrds ever y
other object in the universe. Therefore, the eauts every
object within it towards its centre so that'® treason they
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don't fly off the earth when it moves round the sun
The sun also has a centre of gravitation, whiglksghe earth,
and all other heavenly bodies round it.

Francis Bacon (1561 - 1626) was the first persoon attempted
to arrange the steps of the scientific methodlwgacal manner.
The classic ages of science were the 18th andc&tturies. An
explosion in growth of knowledge of nature occuratdhis time,
especially in the 19th century.

The explosion in Chemistr y was started by Antolreurent
Lavoisier (1743 - 1794).

He discovered that it was a gas, which he calledyen that enables
combustion andespiration to take place. He also introdudbd
gravimetric method of carrying omgsearch in Chemistry.

6.0

In the 19th century, there was a common undersignthat
atoms and molecules were the basic building blooksmatter,
and that cells are the basic building blockdivahg things.
This statement led to the formulation of the ¢ke#ory by
Shwann and Matthias Schleiden in 1839.The cell rtheo
one of the fundamenttideories of Biology.

Another fundamental theory of Biology is the theofyevolution
by natural selection. It was proposed by Charlesvain 1859.

TUTOR-MARKED ASSIGNMENT

With the aid of illustrations, compare tkBe=ocentric and
Heliocentric theories dfeavenly motion.

What are the contributions of Galile&epler and
Newton towards the change gsaentific outlook of the 16th
and 17th centuries?

Why is the 19th century regarded as the beggmof the
scientific age?
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1.0 INTRODUCTION

In unit 2, we discussed how Western science ecame independent
of Philosophy and Religion, and thus progressed targrecedented
degree. The 20th century scientific revolution ol discussed in this
unit. It is in this century that science reachedzienith. Here, you will

read about the ingenuiyf man - modern Homo sapiensn using
scientific knowledge to produce products that aoghbuseful and
harmful to him.

After studying this unit, you are expectedhave achieved the
objectivedisted below.

20 OBJECTIVES

At the end of this unit, you should be able to:

o discuss briefly how the discovery of x-ray and themulation
of theory of relativity redefined physics of th@t& century

o write a short note on the term ‘Biotechnology’

o outline vividly with an illustration, the basic idein genetic
engineering, and

o write short notes on at least three electronic campation
devices.
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3.1 20th century scientific revolution

Since the end of the 19th century, great advanaes heen made in
our knowledge of life and its manifestations. But thee¢ ideas by
which those advances have been guided were foratuladfore 1901.
Mathematics and Physics of the 20th century weggatdterised by a
true revolution in thought.

While 20th century biology still followed the maimes laid down
before the century began (Damper: 1989).

Sir Francis Bacon (1561 - 1626) expressedbesef that with the
increase in knowledge of nature, man would soonabeaster to
nature. Thus, with the explosion of knowledge ie tt8th and 19th
centuries, it seemed as Bacon’s dream would soon be realised.
Science was moving ahead on #&ibnts, reducing ignorance and
producing new tools to make the conditionhefman beings better
(The New Encyclopaedia Britannich995). But thisgood news did
not last long in physics, especially at the begigrof the 20th century.
You will read about this in the next section.

3.1.1 Physical sciences

Some discoveries in physics, which really led torue revolution are
worthy considering here. In December 1895, the @GarrRhysicist,
Wilhelm Rontgen discovered the xrays. X-rays, yasi know are used
in hospitals to destroy cancerous cells, to labkones, to check if
they are broken or dislocated, especially aftea@dent. In industries,
x-ray photographs are used to reve@den cracks in metal castings
and welded joints. X-rays are also usedi¢tect alterations, which
have been made to art works.

The discover y of x-rays and radioactivity revededhe physicists that
the structure of the atom was not as simple as theyght
(The encyclopaedia Britannica: 1995). There weteioicomponents
of the atomwhich they didn’'t know about such as electrons
and protons. Thusgefinition of the atom ‘as the indivisible particle
of matter’ had to change.

The most disturbing of all the upsetting resoltsearly 20th century
physics was the formulation of Theory of Relativily Albert Einstein
in 1905 (Dampier: 1989). When this theory wasstfpublished, it was
said that only 12 or so scientists could undedsiéin(Arkady: 1977).
The theory redefinedohysics, thus making classical Newtonian
physics obsolete. According tblewtonian physics, time, space,
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motion, etc were objective properties; that is ag,ghey exist on their
own. But Einstein noted that the existence of nmtifor instance,
could have meaning only when it is considered relative
something which is fixed. If you are sitting imreoving train and look
out through the window, you will see things movibg quickly. That

will make you know you are in motion. But there’'s a matirsj
opposite you, ancklative to him, you are not moving at all.

That is the first basic part of Einstein’s theofyre second basic part of
his theory said that the only absolute unchangiogntty in the
universe was the speed of light (Arkady: 1977 )d&sese of this theory,
the very foundations of physics threatened to ciemb

In spite of all these, it may interest you to knthat science in the 20th
century worked wonders. The new physics - relgtiviguantum
mechanics, particle physics - may insult our comnsamse but it
enables physicists Examine closely the minutest part of matter (
he New EncyclopaedBritannica:1995).

It may specially interest chemistry students towrtbat chemists of
the 20th century used the new information about atoeported
by thephysicists to improve their idea about chemicaldsorThis led
to their production of many new compounds.

They also developed a variety of plastics, synthéibres such as
nylon and polyesters and synthetic rubber. It iedgr you to know
that all the plasticups, plates basins, slippers etc which were
use in our homes, weproduced by using the new information
about atoms. Polyester nyl®stockings, shirts and dresses are
practical things made from the néwormation about atoms. The
chemists also developed drugs, fopekservatives and synthetic
chemicals for use in agriculture.

It may also interest you to know that astronomy andmology have
been transformed almost beyond recognition. Thibesause of the
invention of new instruments like radio telescopes, orbiting
laboratories, a lunar ampdianetary probe. In 1969, men walked on the
moon and unmanned landings have been made on dhetpl- Mars
and Venus, in the 1970s. As a matter of fact,filse men to walk on
the moon were American Astronauts called NAitmstrong and
Edwin Aldrin. The first woman in space is Velentihereshkova,
and that was in 1963.
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Exercise 3.1

1. The x-ray was discovered by (a)—inthe year (b) —————

2. What did its discovery reveal to the physg?st

3. Albert Einstein formulated (a) theory in the year
(b)

4. Improved knowledge of the chemical bonds eshlchemists to
produce (a) (b)
(c)

3.1.2 Biotechnology

Modern biotechnology is now recognized as one of thost
developments of the 20th century. of the many a$dsotechnology
are test tube babies, artificial insemination (irmamrmand other
animals), gene cloning, animal cloning etc. Biotedbgy is not an
academic discipline like Biology or Chemistry. is nota product,
but a process (Iwul996).Biotechnology is multidisciplinary.
This means that many disciplines arenvolved in any
biotechnological activity. They include microbiolag
biochemistry, genetics, plant and animaloldgy, chemical
and processngineering.

Biotechnology is therefore defined as the techesgjuhat make use of
living organisms or parts of organisms such asscéb make

or products, to improve plants and animals, or to davel
microorganisms for specific applications (Okonkw896). The aim of

using these techniques is to increase the produatio goods and

services for the benefit of mankind.

Some of the techniques of biotechnology are asvali

1. Cell and tissue culture technique;

2 Fermentation technology;

3. Cell fusion;

4, Embryo transfer;

5 Recombinant DNA (r DNA) technology (or genetic
engineering).

Genetic engineering is the hard core of biotechgwldrhat is
the reason why many people mistakenly assume thaedhoblogy
means genetic engineering (Okonkwo: 1996). Our esighin this
section will be on genetic engineering.
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3.1.2.1 Genetic engineering

Can you imagine a potato plant that makes plaattopacco plant that
glows in the dark or a truly tasty tomato frorhe tmarket (Moore et
al: 1995)? All these products have already beenemiaygl genetic
engineering.

What is genetic engineering? It is the transfer génes from one
organismto another. A gene is the basic unit of heredity.
Heredity is alsaransmission of characteristics from parents to
offspring through thegametes. Does this remind you of anything?
You would recall that in uni8 of module 1, we discussed Darwin’s
theory of evolution by naturalelection. Darwin was worried that
his theory could not explain hdawvourable characteristics are
passed on to the offspring from the parents.

Let's retrace our steps a little. You mighanw to know the
exact function of a gene. Genes are responsibleall the
characteristics ofliving things. This means that there are genes
responsible for the colour of the skin, the shap¢he nose, height,
flower colour in plants and so on. So when itagdshat genes are the
basic units of heredity, it means that the gewoedifferent character
istics are what are transferred from parents tepofhg. If | tell you
that | resemble my mother in height and if my Insotis tall, it means
that my mother transferred her gene for tallnessi¢ through her
gamete called the egg or ova. The male ganmetlefather is
called sperm. Every human being is built up throdigh fusion ofa
sperm and an egg. Whatever characterigtaoents pass on
to theirchildren are contained in the genes found in bo¢hsperm and
the eggs.

What happens in genetic engineering is thisydti have a chicken
which lays only small eggs, but you will want @ start laying big
eggs, what you will do is this. Find a chicken tlats big eggs, collect
the generesponsible for those big eg@bere are techniques
used for this) andransfer them into your own chicken. Your
chicken will start laying big eggs. An interestifect here is that no
matter where you put a gene, it will still perfothat function assigned
to it.

Genetic engineering was born in the 1980’s. Sihem tthe technique
has been applied in pharmacy, medicine, agriceiltundustry, etc. In
the examples that began this section, the potadotphas bacterial
genes that make polymers, which can be used to make
biodegradable plastics. tither words, there are some bacteria that
are difficult to grow but theynake small amounts of polymers
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(which can be used to make plastics). The polynee@eg were obtained
from that bacteria and put into another bacterat tirows fast, while
the second bacteria called E. coli started produpolymers.

However, polymer production is still low. Sciemsisare working hard
to see how to increase the quantity of polymeoadpction (Raven et
al: 1986). Would you be able to tell the advantafethis? If the
polymer production is increased, it means thatégradable plastics
will now be produced. They will therefore replabe petroleum - based
plastics whichremain in the environment for too long, thereby
causing pollution. Thanplication is that the old plastic cups, buckets,
basins will not be lyingaround the compound. They will be
decomposed by decomposioiganisms.

Exercise 3.2

1. The disciplines involved in biotechnologicatigity include
a) b) C)
d)

2. Some of the techniques of biotechnology are-a)
b) c) d)

3. What is genetic engineering and in what yeaditdegin?

Let's continue from where we stopped. We were disig the
application of genetic engineering technique stdving practical
humanproblems. In pharmaceuticals, some of the medicalportant
proteins now being produced include the following:

1. Human insulin for the treatment of diabetes;

2. Human interferon, a rare protein that iases human
resistance teoiral infection;

3. Tissue plasminogen activator, a protein predugy the body in

minute amounts that causes blood clots to dissolve. Its
effectiveness irpreventing heart attacks and strokes is being
studied;

4. atrial peptides, small proteins produced mltkarts of mammals
that regulate blood pressure and kidney functigenetically
engineeredersions are being tested as possible new ways
treat high bloogressure and kidney failure (Raven et al: 1989).

In agriculture, applications of genetic gerering include
thefollowing:

Herbicide resistance: soyabean, maize and cotton plants
resistant hoerbicides have been produced. The presence ofsneed
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any form is a source of concern to any farmerraditional agriculture,
weeding of thdarm is done at intervals, and it is a
tiresome activityln agriculture, herbicides, which are chemicals,
are sprayed on the farm. The disadvantage is trat gimes both the
plant you are trying to protect and the weeds trdged. Through
genetic engineering of specific crops, the craps now resistant to
the herbicides. So herbicides can now be sprayefiets harbouring
such crops without any fears.

Insect resistance: There is a bacterium called bacillus
thuringiesis. It produces a toxin that kills insects fast. Through
genetic engineering, thgene responsible for producing that
toxin was extracted from tiheacterium. It was then cloned
into tomatoes, potatoes, and tobacco sothe other plants. This
resulted in the production of the toxin e plants. Thus,
whenever any insect larvae eat, for instance, éaeds of anypf the
plants, the digestive process of the insisctinterrupted and
the insect dies (Arntzen: 2000). The only problem hisréhat these
results of genetic engineering are being enjayedtly by farmers in
Europe and
America.

There are other applications of genetic engingerAn example is in
human cloning. This means producing offspring thae
geneticallyidentical to the individual from whom a cell nucgeuhas
been obtained. There are various reasons peopdefgi wanting to
do this. It involves getting a cell from say ‘Mrhid. The cell is
manipulated in certain ways in the laboratory. Aftesome time, an
embryo will start developing from that cell. The lenyo is transferred
back into, let's say ‘Mr John’s wife’. After nin@onths, another ‘Mr
John’, but now in a baby form of him will be boffhis is because the
adult Mr John and the baby Mr John will have thes genes in their
bodies. It is important that you take note of oaet in this process. The
new baby originated from a body cell of Mr Johrdamt from the
fusion of the sperm from Mr John and the egg flaswife. Presently,
there are laws, in the United Kingdom and some rott@untries,
against human cloning. Bills have been passedthe US
congress tprotect the cloning of humans.

Exercise 3.3
1. Match the items in ‘A’ with those in ‘B’ bylhng in the blank

space provided.
A B

human insulin (i) confers insect resistance
human interferon (ii) causes blood clots to digsol
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tissue plasminogen activator (iii) diabetes

atrial peptides (iv) resistance to viral infectso
Bacillus thuringensis (v)regulates blood egsure
and kidney function

3.1.3 Transport and communication

The 20th century has witnessed dramatic changesngmdvements in

the areas of transport and communication. Do yoawkn that the

aeroplane is an invention of the 20th century?gdima how people

who lived before that century coped without thastest means of
transportation. It was in 1903, that two Americacyble makers called
Orville and Wilbur  Wright built the first petrolrgine aeroplane
(Arkady: 1977). It became the first aeroplane nalydo lift a person

into the air, but also to fly successfully. Sinceng other people before
these Wright brothers had tried to build a flighdahine but they were
not successful, the two brothers got the credit dailding the first

aeroplane.

Aeroplanes with jet engines were built during tage 1930°'s by
Germanengineers. The first supersonic passengernairli called
the Concordepegan flight services between Europe and the United
States in 1976. These are called supersonichetaause they travel at
about 2,400kph, whicmeans that they exceed the speed of sound.
Normal aeroplanes, on tlwher hand, travel at 800 to 1000 kilometre
per hour.

Do you know why the 20th century is called thecgpage? Although
men of the previous centuries studied the planeis ather
heavenlybodies from the earth with the aid of instrumeittis the men
of the 20th century that actually decided to gesdme of those planets
and heavenly bodies to see what they looked like27Ayear- old
Russian called Yuri Gagarin was the first persorbé in space. He
orbited the earth for the first time on 12th Apt®61. He stayed in
orbit for 108 minutes. He was called the Columbiithe interplanetary
age. The first American in space is called Alldrefard. These days,
men and women enter the space and return to Beetlany normal
journey. It will not be out of place to also cdlet20th century the age of
communication. The world is now a globgllage as a result of
development in the transport and communicatiaustry. The
traditional electronic means of communication suab the
fax, the telephone, the radio, and television ap& rcommonplace
devices,despite the improvements made in some of tHeon.
instance, cellulatelephones were introduced in 1979. They have made
it possible for people to communicate without thestriction of
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telephone lines and geographical locations.

What about the telephone? Do you know anything thisu
development? It is one of the additional developmenf the 20th
century that made it possible to use single telephiimes for several
simultaneous transmissions. This line, for examplay transmit cable
TV broadcastand phone calls simultaneously. Many TV stations
in Nigeria bothgovernment-owned and privately-owned now use the
device. The singléelephone line can also serve as a picture phone
or video conferencinglevice (kellerman: 1993). Picture phone or
videophone is where the callers pictures are tatesd along with
their voices. It was first introduced in 1964. CNiINd BBC often use
this technology for their broadcasts.

The first communication satellite called Echo ksMaunched by the
United States in 1960. A communication satellite @&
transportatiorvehicle launched into space to transport existmgné
of communication devices, such as cameras, radedsyision Etc.
The satellite enables the communication devicesperate at a far
greater distance and add vashounts of information to man’s
knowledge (The World BookEncyclopedia: 1992). Therefore,
communication satellites serve as relay statidifey can relay
several television programmes or many thousandtet#fphone calls at
once. Thus, if you install the necessary equipsyeydu can turn your
TV on and watch programmes from any TV stationairychoice. You
can watch programmes from BBC, CNN, Hallmark, étc just sitting
in your house. The TV stations are changed wite thd of a
remote control.

There is hardly any sector of human endeavout ishainaffected by
computer technologhhomes, schools, universities, military, police,
banks, medicine, agriculture, etc. Indeed, the agmp revolution is
total and has completely replaced the industriablgion of the last
150 years or so (Okwuosa: 1997). The first elestrdigital computer
was built in1946, and was called ENIA(EIlectronic Numerical
Integrator andomputer). It was built by two US engineers dhlle
Presper Eckert, Jr. and John William Mauchly. Bubsequent unit, you
will read about the contributions of two great Niges to the computer
industry.

Exercise 3.4
1. The first aeroplane to lift a person into th& and fly
successfully wabuilt by a) and b) ——
in the year c¢) -The aeroplane
had) engine.
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2. a) —————jets exceeds the speed of sound and it travels
at b) kilometres per hour (kph).

3. The first American and the first Russian im@p are a) ———

and b) ——————respectively.

4. Cellular phones were introduced in a) year. b)
What is the advantage of using them?

5. Picture phone otherwise called a) erb)
was introduced in c) year. d) What is the

characteristic feature of picture phone?

The Internet is another invention of the 20timtaey. It began in the
early 1970's as a US Defense department networleccaddRPAnNet.
What then is an Internet? What is a network? A petws a group of
connectedcomputers that allow people to share informatiod an
equipment. Thénternet is a collection of various computer netks
linked together and communicating by a common mat&nown as
TCP/IP (Transmission Control Protocol/Internet Protochi. order
for your PC (personalcomputer) to communicate with other
computers using TCP/IP, you must have the apprtgprieCP/IP
software installed and properly configured. Whemeone talks about
being ‘on’ the Internet, it means that his/her poer is connected to
one of the interconnected networks that make uplrbternet (Adibe:
2000).

Some of the facilities and services akhilnternet can
provide tosubscribers are as follows:

Electronic mail (E-mail). The e-mail works just like a post office.
Your e-mail address provides all of the information regdito get an
electronic message to you from anywhere in the dvdrhe e-mail has
two distinct advantages over regular mail. The fasvious advantage is
speed. Instead of several days or even weeks, yoessage can
reach the other side of the world in hours or emenutes. The other
advantage is that you can use your e-mail addessdess databases
and file libraries.

File Transfer Protocol (ftp). By using this, one can copy afilefrom a
computer in New York to one in South Africa at aykast speed.

Telnet. Many institutions of higher learning in advanced countries
have made their library catalogues available fararshing by
anyone on thénternet, through the telnet. Library catalogugive
information on thebooks, journals, and periodicals, etc, that
are available in a particuldbrary. Most universities in
Nigeria still use the manual, that is, ceathlogue (Okoye:
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1994).

In Nigeria, as you might be aware, @bmpanies, banks,
tertiary institutions of learning, many governmeritodies,
have acquiredgnainframe computers. Many individuals, businesses
(small and medium), homes, now have computers. Qoenpscience is
now taught in primary, secondary and tertiary togsbbns of learning
(Okoye: 1994).

Satellite dishes can be found in a number of hometels, offices, etc
for the reception of broadcasts from foreign stat®dTELIn
conjunctionwith SIEMENS, the German contracting firm to
NITEL is trying doigitalise many of the telephone exchanges in
Nigeria. Mobile telephone services have been astadd in major cities

in the country.

You can see that some building blocks that willlde@aNigeria join the
information super highway are already in place. Wha country needs
is a well thought-out and integrated master plan & National
Information Infrastructure (NII). This will try terovide solutions for
current needs andoroblems, but will be flexible enough to
accommodate future chang@&xkoye: 1994).

Exercise 3.5

1. What is the Internet?

2. When someone talks about being “on” the Iregerwhat does it
mean?

3. Some of the facilities and services provided the Internet
include a) b) and c¢)

4. The atomic bomb was dropped in two Japaness ci
a) b) and by the
C) , in the year d)

3.1.4 War

Science in the 20th century has also been a keyictory in wars
(negative contributions). That is why many natidreas’e now entered
into the race of who will be the first with radavith an atomic bomb
or with a nuclear submarine. The greatest proldeimg man and his
ecosystem today is the possibility of a nuclear r.wehe nuclear
weapons of destruction such as the atomic, hydrogmh neutron
bombs have been stockpiled by both developed anelal@ng nations.
Nuclear weapons are real, and couyddt the human race out of
existence within a twinkle of an eye. Théxenbs derive their energy
from the nucleus of atoms.
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Can you give an example of the use of atomic bomthe 20th

century? You might have heard of Hiroshima and ds¢a§ii. These
were the two Japanese cities leveled with atomimtbaluring the
Second World War in 1945. The bombing was donehleyAmericans.
They did this in retaliation of the Japanese ssepmattack on the
American fleet at the pearl Harbour in 1941. Aseault of this, the
American Arizona ship was sunk with a loss of abb@®0 navy (Ene:
2000).

The effect of atomic bomb is also devastating. Waeratomic bomis
released, the radioactive fallout or dusts haagioactive particles
or iodines, chemical element of carbon, hydrogen nsimon etc. These
aredangerous to health since they contaminate thk vaater, air
and allliving things. They damage the Central Nervous &yst
cells of theintestine lining and bone marrow. Anaemia, leukaemi
cancers of thbreast and stomach are some of the results of datoag
the bone marrow.

40 CONCLUSION

There has indeed been a scientific revolution the20th century.
This revolution has touched all aspects of lifelsas industries of all
types -pharmaceuticals, chemical, clothing, woodeditine, etc.
Transportation and communication have already $htii@ world into a
global village. Even in wars, science has also lse&nry factor - hence
the race to be the first with radar, with an atorbmmb or with a
nuclear submarine. So in the 20th century, we hseen both the
ingenuity and stupidity of man.

That is why philosophy of science is very imtpat. Scientists
do not worry about planning, direction and guidance ireith
activities. This is why there is overpopulatiomniclear proliferation,
environmental abuses, etc. Philosophers of thenses pay close
attention to all these. They tryo rationalise most scientific
inventions, and try to give directions tscientific activities.
Philosophy of science will be discussed in detas isubsequent unit.

50 SUMMARY
The main points in this unit are as follows:
° The chief idea that guided the advanceshef 20th

century was formulated before 1901.
o Physics of the 20th century was characterised byrua
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revolution in thought.

Discoveries that led to this revolution include:

(a)
(b)

the discovery of x-rays by Wilhem Rontgeri895.

The formulation of theory of Relativity by Adbt Einstein in

1905.

Chemists of the 20th century used the new inforomatn the

structureof the atom reported by physicists to improve

their ideas abouthemical bonds. This led to their production

of many new compounds and products such as plastinghetic

fibres like nylon and polyester.

Astronomy and Cosmology were transformetinost

beyondrecognition due to the inventions of new instems

such as raditelescopes, orbiting laboratories etc.

The first men to walk on the moon were Neil Armsgoand

Edwin Aldrin, while Velena Teres Kova in 1963 be@athe first

woman in space.

Modern Biotechnology is now recognised as one @f thost

important developments of the 20th century.

Biotechnology is not an academic discipline likeolBgy

or Chemistry. It is not a product, but a process. Mnode

Biotechnology is multidisciplinary. The disciplinesclude

microbiology, biochemistry, genetics, etc.

Techniques of Biotechnology include the following:

(@) cell and tissue culture technique

(b) fermentation technology

(c) cell fusion

(d)  embryo transfer

(e) recombinant DNA ( or r DNA) technology (or ropic
engineering)

Genetic Engineering, which is the hard core of &bhology,

started in 1980.

It is the transfer of genes from one organism ttlaer and the

technique has applications in pharmacy, medicine,

agriculture,industr vy, etc.

In pharmaceuticals, genetically- engineered prsteimnclude,

human insulin human interferon, tissue plasminogetivator

and atrial peptides.

In Agriculture, genetic engineering is used to eonf

herbicide resistance to plants, such as soyabean and cotton

plants.

Genetic engineering is also used in human cloning.

The 20th century also witnessed dramatic changed an

improvements in the areas of transport and comnatioit.
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The
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The first petrol-engined aeroplane was built i©3. %y Orville
and Wilbur Wright.

plane became the first to Ilift person into
air anduccessfully.

The supersonic jet began service between EuropeUamitd

States in 1976. It exceeds the speed of sound diricavels at

about 2,400 kph.

The 20th century is also called the space age.

A 27-year -old Russian called Yuri Gagarin was fih& person

to be in space. He orbited the earth for the fisé on 12th April

1961. He stayed in orbit for 108 minutes. He waBedathe

Columbus of the interplanetary age.

The first American in space is Allan Shepard.

Cellular phones were introduced in 1979.

New developments in the telephone industry haveaddtie use

of single telephone lines for several simultanetoaissmissions.

(@) It may transmit cable TV broadcasts and phone
callssimultaneously.

(b) It may also serve as a picture phone or videterencing
device.

Communication satellite is a transportation vehialenched into

space to transport existing forms of communicatt@vices,

such as cameras, radio, television etc. It enalhiesdevice to

operate at a far greater distance and add a vaeuranof

information to man’s knowledge.

The Internet began in the early 1970’s. It iodection of

variouscomputer networks, linked together and commumcati

by a common protocol known as TCP/IP (that is

Transmission ContrdProtocol/Internet Protocol). Some of the

facilities and services which the Internet canvpie include

(a) E-mail

(b)  File Transfer Protocol (ftp)

(c) Telnet

Science in the 20th century has also been a keigtory in wars

(negative contribution), hence the race to be itst With radar,

with an atomic bomb or with a nuclear submarine.
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6.0 TUTOR-MARKED ASSIGNMENT

la) Mention two of the discoveries that led taetrrevolution in
thought of the 20th century physics.
b. How did the discoveries influence physics loé 20th
century?
2a) Define Biotechnology.
b. List 5 techniques of Biotechnology.
3a) What is genetic engineering and in what ykdit begin?

b. How would you go about it to make your chicketnich
lays small eggs, to start laying big ones?
4. Write short notes on the following items:
a. Communication satellites;
b. The Internet;
C. E- mail.
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1.0 INTRODUCTION

In unit 3, we discussed about the 20th centurynsifie revolution.
Without doubt, science reached its zenith at that century.
However, most of the advancements we discusséduta had
their origins in the Europeacountries and America. It is then
pertinent to ask where is Africa in teeheme of events? What
have we contributed to knowledge? Have we @weented anything or
explored something? If you would remember, these
guestions were partly answered unit 5 of moduletigre we discussed
the origin of Western science in ancient timeseréh some evidence
was given to show that Western science owe a IdEdggpt, a North
African country.

However, European and American historians depribkatks of
the knowledge of their early contributions to sciengeidgnoring
or subtlymisrepresenting the black identity of the anci&gyptians.
However thaliscovery of a seminal black kingdom in the Nikdley,
which predates the Egyptian dynasties, has settledquestion, once
and for all, of the roots of classical Egyptiantatg and technology. In
other words, Egypt even owes their culture antinetogy to a black
kingdom, which flourished before it came into earste.

While going through these materials, a question @ulikely to ask is
‘How come Africa is in shambles if science and teulbgy really
started with it? You will find the answers as yaad along. As the
topic of this unit is the lost sciences of Afrieanphasis will be on the
lost sciences in areasutside of Egypt. Just an overview will be
given. If you are interested metting more details, you can consult

101



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

the book on the reference page of this unit.
2.0 OBJECTIVES

At the end of this unit, you should be able to:

o describe briefly, the process of smelting in yoarea and
compare iwith that of the Haya people of Lake Victoria.
o write a short note on Sirrius B.

3.0 MAIN CONTENT
3.1 Thelost sciences of Africa
3.1.1 Introduction

Recently, archaeology has revealed the distindi@atures of a lost
African science, at least, in areas outside Eglgps. also only within
recent yearghat the discovery of a rudimentary black kingdom
in the Nile valleypredating the Egyptian dynasties, has settled the
question, once and for all, of all roots of claak Egyptian culture
and technology. Right from early 1980's some ena#e have been
obtained in the field of agricultural ap@storal science, architecture,
aeronautics, engineering, mathematics, mining, ey,
medicine, navigation and physics. These a&storg discoveries
have shaken the whole world, including somericAhs, who
were not aware of the major contributions of bladks modern
technology.

Africans, just like the Europeans, or Asians, oreXimans were
characterised by the slow spread of new techniquéschnologies from
thecentres to the edges, or peripheries oir theilisations.
Thus, a skilledAfrican surgeon could for example, be performing
delicate eye operation ithe city of Jenne in middle age Mali,
while certain villagers in a villagewould be going blind with
cataracts, a few hundred miles away, on the edge
of the same empire. This happens as sultreof lack of
he surgeon’sxpertise.

It is necessary that you understand that this phenomexion
concentration of high technology in a cerfsech as a scholar
or priestcaste, trading post or royal capital) and itssemce or
slow spread to the periphery (village or deseitposts or forest)
was the same all over tieorld, before the industrial revolution.
The fact that the world is nowg#bal village does not change this
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fact. If you use this statement to compare thegmesountries of the
world, you would agree that the centres of higiht®logy(with their
complex information network) are concentrated powerful
industrial countries (cities of the super-powerdjhile at the edges
would be found whole countries or continents witkt fragments of
that technology.

It is important to understand the above paragraphwe are to
understandhow science or technology may rise and fall with
civilisation. The destruction of a centre coulddea the almost
instant evaporation afisappearance of centuries of knowledge and
technical skills. For instance, auclear war could destroy the
primary centres of twentieth centueghnology in a matter of
days. The survivors on the periphery, althoughy thheuld remember
the aeroplanes, the television sets etc, they wawlt be able for
centuries to reproduce that technology.

What do you think would follow? A dark age wouldrtainly follow.
Centuries afterwards, the technological brilliamdéethe 20th century
would seem dream-like and unreal. The saving egraould
be if archaeologyould begin to pick up the pieces. It is believed
that this is what happened to Africa, althoughinahe same way. The
catastrophic effect has been the low technologlaaw-how of
Africans of today. Another traumatic effeetsited on Africa was
the slave trade, which Ilasted for centuriesst\(gpulations
were uprooted and displaced, whole generatiorsapgeared,
family network disintegrated, the threads of cuwdtuand historical
continuity were severed. Therefore, one would htvehink of two
‘continents’ Africa: the one before and the one after the
Holocaust. Five centuries latearchaeologists, digging among
the ruins, began to pick up some offileees.

3.1.2 Metallurgy

In 1978, an anthropology professor called Petenfathand a professor
of engineering called Donald Avery, both of them leeta at
Brown University, in USA, announced that between 1,%00l
2,000 years agdifricans who lived on the western shores of Lake
Victoria, in Tanzania, had produced carbon stediai\'s steel? It is a
malleable mixture of iron and carbon elementss lused in producing
tools,weapons, etc. For example, the Ajaokuta stEshplex in
Kogi State ofNigeria is being built with the aim of supplyimgw
materials to the tool industries.

According to Prof. Schmidt, the method the Africarsed waspre-
heated forced draft furnaces’. He said that the houbt was

103



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

technologicallymore sophisticated than any developed in
Europe until the midentury. He went on further to
say thatTo be able to satgchnologically superior culture
developed in Africa more that 1,500 years ago ¢wevis popular and
scholarly ideas that technological sophisticati@vedoped in Europe
but not in Africa’.

How did he obtain this information? Peter @ak was an
historicalanthropologist.

He was studying the history of the Haya people wbw live on the
shores of Lake Victoria. In the course of his kyahe Haya people
told him thatone of their ancient kings had climbed a pillar of
iron to ascend to tHeeavens. He was shown the site of this
‘shrine tree’. He carriedarcheological investigations there and
confirmed what the elders had tdldn, that this was a site
on which steel had been produced as long088years ago.

Schmidt, who saw some similarities between thdestdre was told and
his archaeological findings, did not understandcdyahow they
fit. He therefore enlisted the help of a metallurgist, Ddnavery.
They decided to find out if these descendents hef @ancient iron
smelters would be able to construct a traditiomah ifurnace and
produce iron fragments. Their magim was to compare the
iron they would produce with the onesagated. Their
criteria for comparison were temperature in the&ge and structure of
iron fragments (in the form of crystals).

In 1976 again, Schmidt was able to discover a gafugdacksmiths and
other old men who had smelted iron in the traddloway during
their youth, some fifty to sixty years ago. He persuathean to
construct draditional furnace. This is shown in figures 2®Ri&.4.
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Fig. 2.3 Tuyeres

A

Fiz %4 A Haya iron smeliing fomees |

The results of the experiment showed that tempeysiin the blast zone
of the furnace exceeded 18000 C (3,2750 F). Tlas ®00-4000 C
higher than temperatures observed during smeéixgeriments based
on Europeararchaeological evidence. They also observed tleat th
Haya peopleintroduced a process in their smelting that wasy ver
original and in advance of their time. They matie steel through the
formation of iron crystals rather than by ‘thentsring of  solid
articles as found ifcuropeanmelting’. Avery commented that ‘this is
really semi-conductor technology -the growing ofstals - not iron-
smelting technology.

Thus they concluded that two characteristics of thaya

smeltingprocess were unique: the preheating of the airt dnabugh

blowpipes so as to increase the temperature, andotimation of iron

crystals rather than by ‘the sintering of fine,idgbarticles as done in
European smelting’.

You can now see how archaeological evidence caectlaith the oral
history of the Haya and the oral history had beasspd down without
major alterations for 2000 years. This technology was not
confined to Victoria. Further investigations showdtt there
was a widespreadistribution of early Iron Age industrial sites in
West Lake and neighbouring areas, such as RwamdlaJganda. The
nature of the industry also indicates that thesdricAns lived in
densely populated centres, with an organised, yighbperative labour
force.
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Exercise 4.1
1. In 1978, a) and b)
announced that between c) to-d)
years ago, Africans who lived on the Western shafetake
Victoria in e) had produced carbon steel.
2. Two characteristics of the Haya d<imgl process
are a) b)
3.1.3 Astronomy

In units 4 and 5 of modulel, we discussed aboutesoegularities in
nature such as the rising and setting of the wdm¢h coincide with
day and night, seasonal cycles, planting cycles [etom unit 5 in

particular, we learnt that the ancient Egyptianedushe cyclic
appearance of the moon to invent teendar. Their initial aim
was to know when to plant their crops. Ttasrelation of the
cyclic movement of the sun with certain fesls andplanting

seasons is also common in today’s Africa. (Goybu think of
some examples of festivals, which take placeadaryarea
with gppearance of some heavenly bodies? In igboland, ryam

festival is one of such. Find out other examplesifiyour area).

It has been reported that in an attempt to fixesgldor their festivals,
rituals, optimum planting and harvest times, theg@opeople of Mali
in West Africa acquired an extremely complex knalge of
Astronomy. Their knowledge of the heavenly bodiedien it was
revealed, sent shock wavésoughout the scientific world. In order
to make their calendanore accurate, the astronomer priests of
many African families, such as the Dogon of Malconporated the
rising and setting of certain stars or groupsstdrs into their various
calendars. One of the stars important to them w&isius’, the
brightest star in the sky. Many temples and evereest
throughoutMexico and in Egypt are aligned to the rising afl&i.

But for the Dogon, the most sacred of their 700ry#d tradition do not
revolve around Sirius, but to its small and incbégidense companion
star called ‘Sirius B’. Sirius B (see fig. 4) canm® seen with the naked
eye.

Therefore, the Dogon’s extensive knowledge of habvéodies,
particularly this invisible star, is a mystery tHas sent shock waves
around the scientific world.

It will interest you to know that this informatiomas revealed by two
French anthropologists called Marcel Griaule andn@éne Dieterlen.
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Theystudied the Dogon very closely and over a caraiole period
of time-from 1931 to 1956. For a whole generationytlieed and
worked with these people, looked at and listenedeverything and
wrote down all they could find out. The Dogon lowbém so much that
they initiated them into the tribe. Despite theinm#cy, Griaule and
Dieterlen had to go through the Dogon’s systemedhication in order
to learn the secrets of the univefsem them. At first, Griaule
and Dieterlen received th&vords atvdue’ (simple knowledge),
then the ‘word on the side’, then the ‘word from
behind’. It was only in 1947, sixteen years latattthe elders decided
that they were ready to receitthe clear word’ which was the
abstract an@soteric knowledge. It was at this time thatytheuld
learn the Dogon’s most sacred knowledge, which isted of: the
realisation of the nature of creation, the creatd stars and spiraling
galaxies, the creation of plants, and the purpdseiman existence.

Yet according to these French anthropologists, thag only reached
‘the slight acquaintance’ level, which was onéhdf levels of the
eightlevel, ‘clear word’ phase of knowledge. The sumyna know
what theylearnt are as follows:

1. Although Sirius B is invisible, it's the mosaportant star in the
sky. It is the egg of the world.

2. It has an elliptical orbit around Sirius A thakes 50 years to
complete.
Modern science confirms this orbit.

3. The Dogon drew a diagram showing the coursktiaectory of

this star up to the year 1990. Modern astronompcajections
are identical with this. The diagrams are showowel

4. The Dogon stated that this tiny star was casagdoof a metal,
which was brighter than iron, and that if all menearth were a
single lifting force, they could not move it. Modeiscience
confirms that this is the nature of thigtpe of star usually
called ‘a white dwarf’. This type ofccording to modern
science is so compacted that its mass may be nrarg greater
than a star, which appears many times bigger.

5. But the Dogon went even farther than thathieirt observation
about this  star, beyond what modern science kndWwsy say
it has an orbit of one year around its own axiseylwere so
certain of this that they heldspecial celebration called the
bado celebration to honour that orbit.

Modern science has not yet been able comfirm or
deny thisobservation.
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Fig 2.7 Dogon tribal dlagrem
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Fig 2.4 Mudem dstrotamical diagrum

To provide such details about something that ¢hé/ most advanced
observatories can detect today, and to have doaigead of them, is
what sent shock waves throughout the scientifidavor

To show the profound contempt for African sciewtitapabilities,
which still dominates world scholarship, European(Burocentric)
scientists believed the Dogon obtained this kndgée from either
spacemen, Jesuit priests or European travellersveder, Hunter
Adams Il of the Argonne National Laboratory beks the Dogon
people, since the Sirius traditions among them lbe@h on for up to
700 years. He observed that other black people lsdse the Sirius
traditions in their culture.

Archaeologists have excavated a wooden mask ctilked<anaga. It is
used by the Dogon to celebrate their Sirius-relatidui

ceremoniesArchaeological methods of giving dates to objextiew

that the mask dates back to the 13th century, hvindicates the
Dogon’s preoccupation with this star for at lead3d years.

A source of concern to Eurocentric scientists &t tihe Dogon
apparently did not use either Western technology itsr
scientificmethodology to obtain their results. It has beeported
that <ience is a research without illumination. That teas
societies such dhkose of India and Africa do not have this problem.
This is because there ane distinct separations between science
and religion, philosophy anasychology, history and mythology. All
of these are viewed as one reality and are gldskeinded into the
structure of daily life. You will recall that in unl of module 1, we
discussed how the various scientific disciplines r@ow trying to unite.
Examples given include physical chemistry, biopbysibiochemistry
etc.
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Thus, Hunter Adams |ll believed that early Afmcscience used both
intuitive and empirical methods to make their dismies. He
thereforeemphasised that modern science should be revoisgidrby
combining both methods in scientific research.

Exercise 4.2

1. The brightest star in the sky is ledhl a)
The Dogon’s 700-yearold traditions centre on a stzilledab)

2. Where can the Dogon people be found?

3. a) and b) studied
the Dogon people over a considerable period ofe firam c) —

to d)

4. The Dogon’s system of education comprises lefv8ls, the first
four of which are a) b)
C) d)

5. Mention two astronomical observations, which Dogon made

and which science has confirmed.

Griaule and Dieterlen learned much more frothe Dogon
people.They were told that the moon is dry and dead, diked blood
and that it turns like a conical spiral around #&aeth. Modern science
confirms thatthe moon revolves round the earth. Their chief
instructor calledOngnonlou, drew in the sand a picture of the
planet, Saturn showing its rings and told thent thase rings are
permanent. A fact which modern science confirmseyTtvere further
informed that the earth is in the Milky Way Galaayd that the Milky
Way has a spiral structure. Modern science confitiis. They were
also told that there are an infinite number ofstnd spiralling worlds.
Modern science also confirms this.

Fig 2, L0 "Dlee ieliacel cisiogg of Sarius
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Frg. 2.9 A photopraph of Sivina B Lahes in 1970
40 CONCLUSION

This unit has given incontrovertible evidence tidticans outside
Egypt also originated the sciences of Metallurgg &stronomy. So it
can be concluded that civilisation really started\frica.

50 SUMMARY
The main points in this unit are as follows:

o In 1978, Peter Schmidt and Donald Avery both Bfown
University, USA, announced that between 1,500 - 2,000 years
ago, Africans who lived on the western shores Latke
Victoria in Tanzania had produced carbon steel.

o The Haya people are the present occupants of th&tenwn
shores of Lake Victoria.
o Peter Schmidt excavated iron crystals from the witere the

Haya people said that one of their ancient kings$ ¢tlanbed a
pillar of iron to ascend to the heavens.

o He persuaded some Haya blacksmiths to carry ouheltiag
experiment.

The results showed that temperatures in trestbkone of the
furnaceexceeded 1800 oC (3,275 oF). Thus was 200-400°g@ehi
than temperatures observed during smelting expetsndased on
European archeological evidence. The Haya peopiéewed this by
preheating of the air draft through blowpipes.

o The Haya people introduced a process in their smgethat
was veryoriginal and in advance of their time. They made t
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6.0

2.

112

steel through the formation of iron crystals ratitban by
‘sintering of solid particles’ as found in Europesmelting.

The Dogon people of Mali incorporated the risimgl &etting of
certainstars or groups of stars into their varioudermdar.
One of the stars ofportance was the star called ‘Sirius’. It is
the brightest star in the sky.

But for the Dogon, the most sacred of their 700rad
traditions do not revolve around Sirius but to @smpanion
known as ‘Sirius B’. This star is not visible teethaked eye.

The Dogon’s extensive knowledge of the heavenlyidmd
especially‘Sirius B’ sent shock waves around the scientific
world.

Two French anthropologists called Marcel Griauld &ermaine
Dieterlen were the people that revealed this infdrom on the
Dogon people.

They studied the Dogon people form 1931 to 956.rTdmabition
was to fully understand the Dogon especially theligion.

They had to pass through the Dogon system of educhefore
they could learn anything from them. Their educatiasted for
16 years.

From the Dogon, they learnt that although ‘SiriugsBinvisible,
it's the most important star in the sky, and thdtas an elliptical
orbit around Sirius A, which takes 50 years to clatg

They drew a diagram showing the course and trajgatb this
star up into the year 1990; they say that this $itay is composed
of a metal brighter than iron and that if all m@mearth were a
single lifting force they could not move it. Modern
scientists have confirmed all thedmservations.

They also made an observation which modern scidrasenot
been able to confirm, that ‘Sirius B’ has an orbitone year
around its own axis.

TUTOR-MARKED ASSIGNMENT

Visit local blacksmith in your area. With thed of a diagram,
describe briefly their process of smelting. Compaveth that of
the Haya people of Lake Victoria.

Write a short note on ‘Sirius B’
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1.0 INTRODUCTION

In unit 4, we discussed about the first part of lthst science of Africa.
Some evidence were given to show that Metallurgy Astronomy also
originated in Africa in areas outside Egypt. Thrst is a continuation

of unit 4. The materials in this unit will give ieence that mathematics
also originated in Africa, in areas outside ofygg Special emphasis
will be on the Yorubanumber system. We shall also consider the
evidence given for Africa’'sclaims to the origination of
medicine. After studying this unit, yoexpected to have achieved
the objectives listed below.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

write, in not more than 2 pages, short notes oogsi®f evidence of the
use of numbers in Africa, andhow with examples, that the
African traditional doctor had mudknowledge of anatomy and
physiology and also fundamental public health ppies.

3.0 MAINCONTENT

3.1 Mathematics
The tendency to deny an African astronomical sa@ens

because suchccurate observations over long periodsolires
the most precise recokdeping. That means a capacity to measure
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complex distances and times, to calculate orbisimaths and
convergences. That calls for mathematics and rsttthe simple hand
count of one, two, three, etc.

Among the earliest evidence of the use of numbessfiica, is a carved
bone discoveredat the fishing site of Ishango okeLEBdward. Lake
Edward is in Zaire, Democratic Republic of the Gonlt dates back to
the period between 9000BC and 6500BC. The discovef¢he artifact
called Dr Jean de Heinzelin, suggested it may Hasen used for
engraving or writing. He was particularly intrighey the markings on
the bone. This is illustrated by the diagram below:

]

] o e
e

[
:-‘:E'

s 22

e

Fiz. 2,11 The ishsmn-o e

From Dr Heinzelin’s observations, there are trseparate columns in
the bone, with each consisting of sets of V-gdadentifications (or
notches)arranged in distinct patterns. One column has foroups
composed otleven, thirteen, seventeen and nineteen notchies F
the knowledge omathematics, these are the prime numbers between
ten and twenty. What do we mean by prime numbers@y Tare
numbers, which cannot be divided, by any other remdxcept by
themselves and one (1).

In another column, the groups consist of eleveventy-one,
nineteen and nine notches in that order. The pattere maybe 10 + 1,
20 + 1, 20 -1, and 10 - 1. The third column hasrtbehes arranged in
eight groups in the following order: 3, 6, 4, 8, 505, 7. The ‘3’ and ‘6’
are close together, followed by a space, then4heahd ‘8’, also close
together, then another space, followed by 10 and 5. To Dr
Heinzelin, this arrangement seems to be relatethéooperation of
doubling. He concluded that the bone may have bleerartifact of a
people who used a number system based orateh who were
also familiar with prime numbers and the operatoup
lication. However, to Dr Marshack, who also exasdirthe notches, it
was used as a lunar calendar.

Mathematics develops according to a need. itumtson calls
for a simple count of objects, a people will develop m@e set of
numbers. If their cultural demands amore complex, a more
complex mathematics system will evolve. Tharuba people of
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Nigeria belong to the latter group.

3.1.1 TheYoruba number system

The Yoruba people are one of the tribes in Nigeara can be found in
the

Western part of the country. The map of Nigerisolweshows where
they

can be found.

PIg. w1 % Map f Mlgesle Fhuwling ~hi Tom T aprAling IR

They have been urbanised farmers and traders foues. They have a
complex number system. The mathematician named r@arals

it ‘the most peculiar number scales in existence’ sHié that one has
to be really bright at mathematics to handleYloeuba one. Itis a

system based otwenty, of which there are many examples in western
Africa.

The unusual feature of the system is that it rediesubtraction to a very
high degree. To the Yoruba person, it seems pérfeetural and he
uses it with the same ease with which a EuropeatesvIX (ten
minus one) fomine in Roman numerals. In a study of the Yoruba
numerals, it has been stated that the numerals eggnaence that the
Yoruba have the capacity for abstract reasonings Tis the reason
why they could have developed and learned suclstarsy The Yoruba

express forty- five, for example, as ‘five from téom three twenties’.
In symbolic form it is written as: 45 = (20 x 30 -5
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One hundred and s ix is expressed as ‘four franfrigm six twenties.
Symbolically, it is written as 106= (20 x 6) -10-Phis is quite a feat of
arithmetic involving addition, subtraction and niplitation to express
just one number. A summary of the system is asvidl

1. From one to ten, different terms are used. Kample the numbers:
1 =o00kan 6= eefa

2= eeji 7=eeje

3 =eeta 8=eejo

4= eerin 9=eesan

5= aarun-un 10=eewa

2. Different terms are also used for 20, 30, 200 400. For example,
20 = ogun, 30 =o0gbon, 200 =igba, 400 = irinwo

3. The rest of the numbers are multiples and comg®uFor example,
11= ookan laa (laa from le ewa meaning in additmten) 12= eeji laa
13= eeta laa

14= eerin laa

4. 15 to 20 are ascertained as follows:

15= eedogun (from arun din ogun meaning 20 lesy fiv

16= eerin din logun (meaning 20 less four) (20 - 4)

17= eeta din logun (meaning 20 less three) (20 - 3)

18= eeji din logun (meaning 20 less two) (20 - 2)

19= ookan din logun (meaning 20 less one) (20 - 1)

20=ogun

Exercise 5.1

1. Among the earliest evidence of the use of renin Africa is a
a) —— discovered at the fishing site of b)
on Lake Edward. It was discovered by c)

2. The Yoruba have a a) rumber system. Its
peculiar feature is that it relies on b) te-a very
high degree.

If you didn’t get all the answers correctly, dot be disturbed. With
practice, you will understand the system. Now letstinue.

3. From 21 to 24 are ascertained as follows:

21= ookan le logun (meaning one on twenty = 20 + 1)

22= eeji le logun (meaning two on twenty = 20 + 2)

23= eeta le logun (meaning three on twenty = 2) + 3

24= eerin le logun (meaning four on twenty = 20)#425 to 30
are ascertained as follows:

25= eedogbon ( or arun din ogbon meaning (30 -hbytless
five) 26= eerin din logbon (meaning 30 less fou {31))

27= eeta din logbon (meaning 30 less three (30 - 3)
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28= eeji din logbon (meaning 30 less two, (30 - 2)

29= ookan din logbon (meaning 30 less one, (30 - 1)
Then 30 = ogbon. This is the procedure for obterall figures that
are in tens.

5. The multiples of 20 are obtained as follows:
40 = ogoji ( a shortened form of ogun meji, megntwo
twenties or twenty in two ways)
60=o0gota ( a shortened form of ogun meta, mearimge
twenties or twenty in three ways, that is 3 x 20)
80= ogorin ( a shortened form of ogun merin, megniour
twenties or twenty in four ways, that is 4 x 20)
100= ogorun-un ( a shortened form of ogun mam
meaning fivewenties or twenty in five ways , that is 20 x 5)
This is continued up to ten twenties, that is 200@en the new word
igba is used.

6. The intermediate numbers such as ‘50" areiobtbas follows:
50= aadota [ (20 x 3) - 10] this is expressed aty/ dess ten.
70=aadorin [(20 x 4) -10] This is expressed abtgitess ten.
Let us summarise what we have discussed so far.

Summary: We have seen that with numbers that go by tens, fiveis
used as the intermediate figure, that is five less thaa ttext higher
stage. In those by 20, ten is used as the inteateedi

The constructions for unit fractions are:

ebu = fraction

idaji = one half (divide into two)

idameta = one-third (divideinto three) idamerin = one-fourth
idamarun-un = one-fifth, etc

Doublings are constructed as follows:,

ilopomeji = two time or doubling

The constructions for powers of a base are:
Erin lona meji = 42

Erin lona meta = 43

Erin lona merin = 44

The following tables summarise what we have besoudising:

Table 1 shows the words for the first ten numbarshe four
principalapplications, that is, in the four ways they aredis

Table 1: Yoruba numerals from one to ten

Table 2. Names of the numbers for the countingeseand their
derivations
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Cardinal Counting Adjectival Ordinal

1. ookan ookan = eni kan ekini ni = ikin ni =
akoko

2. eji eeji meji ekeji = ikeji

3. eta eeta meta eketa = iketa

4. erin eerin merin ekerin = ikerin

5. arun aarun-un marun- un ekarun = ikarun-un
6. efa mefa mefa ekefa = ikefa

7. eje eeje meje ekeje = ikeje

8. ejo eejo mejo ekejo = ikejo

9. esan eesan mesan ekesan = ikesan

10. ewa eewa mewaa elewaa - ikewa

Table 2 shows the names of the numbé&s the counting
series, as well as derivations.

Table 2 -Y
1 ookan

2 eeji

3 eeta

4 eerin

5 aarun

6 eefa

7 eeje

8 eejo

9 eesan

10 eewaa

11  ookan laa (laa from le ewasi = in addition to)te

12 eeji laa

13 eetalaa

14  eerinlaa

15  eedogun (from arun din ogun = five reduces twent
16 eerin din logun (20 - 4)

17 eeta din logun (20 - 3)

35 aarun din logoji (five less than two twentie&Gx 2) - 5)
40 0goji (twenty in two ways)

50 aadota (20 x 3) - 10)

60 ogota

(3 x 20, or more literally, ‘twenty in three ways’)

100 ogorun = orun

(20 x 5)

105 aarun din laaadofa

(20x 6) - 10-5)

200 igba
300 oodunrun = oodun
(30 x (20 - 5)

315 orin din nirinwo odin marun-un (400 - (20 x-4)

119



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

400 irinwo

2000 egbewa (200 x 10)

4000 egbaaji (2 x 2000)

20,000 egbaawaa (2000 x 10)

40,000 egbaawaa lona meji (ten 2000s in two ways)
1,000,000 egbeegberun (idiomatically 1000 x 1000)

Table 3 - Analysisof Yoruba Numerals 35 - 54

Twenty ten  unit
35 2 0 -5
36 2 0 -4
37 2 0 -3
38 2 0 -1
39 2 0 0
40 2 0 0
41 2 0 1
42 2 0 2
43 2 0 3
44 2 0

45 3 -1 -5
46 3 -1 -4
47 3 -1 -3
48 3 -1 -2
49 3 -1 -1
50 3 -1 0
51 3 -1 1
52 3 -1 2
53 3 -1 3
54 3 -1 4

only five do not involve subtraction at all, anddinumerals involve
subtraction in two columns.

The idea of infinity is expressed in the followiNg@ruba proverb ‘There
iIs nothing as numerous as the locusts; they aredi@at home and in
the farm’.

Although, some farms were as much as twenty miiesn the

towns inwhich the farmers lived, the locusts covered euaiyof
foliage on the route.
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3.1.1.1 Origin of the subtractive system

Early investigations concluded that the originlastcomplex system
for large numbers could be due to cowrie counting. Esvare shells
(shellsare hard outer case covering eggs, seeds or bsirabtained
from smallsnail - like animals found in Indian Ocean.

They were used as money in Africa and South Asizden days.

Cowrie counting was the earliest occasion thatireduthe Yoruba to
count in such large denominations. The proceduredmwrie counting
among the Yoruba was as follows:

a. First, the bag of 20,000 shells, for examEeemptied on the
floor.

b. The cowrie counter kneels or sits besidehbap and rapidly
draws four groups, each group containing five Ishdlhis will
make a small pile of twenty.

C. Five twenties, that is twenty into five plac@se combined to
make a pile of one hundred; then two hundredst thaa
hundred into 2 places, are combined to form thgomant unit
of two hundred.

Thus, the subtractive principle in the numeratgatem originated
because of the practice of counting cowries by sfivalthough this
methodof cowrie counting was widely used, only the Yoruwdrad

a few otherdormalised the procedure in this unique subtracsiystem

of counting. It isimportant for you to know that mathematical
system is not alwayscoverable. It is also not always blessed with
historical continuity like that found among the Yiba and a number of
large African communities.

Other ways of knowing that a certain ancientugrof people had
mathematical knowledge include the following:

a. It may be hidden in architectural design foaraple, as found in
the Granary of the Master of Pure Earth (amondibgon).
b. It may be in abstract patterns like that oladinfrom the

combination oftwo geometric operations such as translation
and reflection on aaxis. This can be seen in decorations on
bowls and cloth of the Kuba of the Congo.

C. It may be in measuring systems such as thetibdabrass
weights for measuring gold dust currency amongAtbleante of
Ghana.

d. It may also be in the complex network gameg $8hongo

children play or in mathematical recreations, whiate the
delight of many Africans.
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An example is the traditional game called Ayoidtalso known a
the ‘Warri Game’ and it often sharpens one’s mentgbacaty for
calculations.

The Ayo game is very common in many Nigerian vidagYou may
wish to find out how it is played in your village.

Exercise 5.2

1. Give the Yoruba terms for the following numbers
@ 1= (®O)2=(c) 3= (d)21= (e) 22=
(f 23=

2. (@) was the earliest occasion that required the
Yoruba to count in large denominations.

3. When a mathematical system is not recoveratter ways of

knowing that certain group of people had mathemétic
knowledge include:

(a) (b) (c)
3.1.2 Medicine

The numbering system is not the only thimgt originated
from Africa. Medicine has its roots in the contihert is
important for us toremember that Africa has been subjected to
centuries of almost continuous political, sociatl acultural disruption.
Since many of our cultures rely heavily on oransmission of
knowledge, a lot of knowledge has been lost. Tleeefthe state of
traditional medicine today does not reflect the tbet what the
traditional doctors knew. Surviving fragments oeeytness reports of
what we see in some of our villages indicate thay knew quite a
lot. There is an element of ritual and magic imsoAfrican healing
practices. This has been highlighted so oftendose sensational
effect in films and books, and has resulted inirfgdthe serious
scientific superstructure of the African mediciéou also may be
aware that traditional medical practice is intinhat@mmiliar with the
psychic, social and cultural inclinations of tlpatients. The
traditional African doctor is, therefore, often aaxpert
psychotherapist, achieving results with his pasetitat conventional
western psychotherapy cannot.

Western medicine is, however, gradually apatemn the use
of suggestion, hypnosis and the placebo, in addibomternal and
external treatment, as the case may warrant. tibisous that every
profession has itgjuacks, but western-trained doctors who have
studied the traditionalmedicine man agree that African
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doctors have much knowledge aMman body and anatomy.
For example, an African doctor usually givescareful diagnosis,
beginning with a history of the disease, followleyl athorough

physical examination.

Africans are known to have many plant medicinesluising thosefor
abortion, for retarded labour, malaria fever, rhatiam,
neurotoxic venoms, snakebite, intestinal parsasiteskin ulcers,
tumours, catarrkgonvulsion, veneral disease, bronchitis, etc.

Most of the treatments for these are asceffe as those
being used imvestern medicine.

Though there is no single pattern of medical pcadthat applies to all

of Africa, many of the essential features of theioas traditional
systemsare comparable and even identical. Among the Mdno o
Liberia, for example, all children’s diseases,dddbtetrics, all of
the ‘everyday’ complaints are handled by women, paltidy the
elderly women; surgernyjhone setting and special diagnostic and
therapeutic problems are handblohost exclusively by men. This
is the pattern that repeats itself throughoutdsiri

Most commentators have discredited the traditiodalkctor’'s
knowledge of anatomy and physiology. The Mano, hmwe have
names for most major organs and know the diffezdretween normal
and abnormal anatomy. A Hausa manoeuver test footeemce has been
described:

An individual is stripped and placed on a mat lyarghis back. A pin or
thorn is lightly rubbed over the inside of hishigh. If the
scrotum ortesticles do not move, the individual is consader
impotent. There is physiological basis for this procedure.

The manoeuver in effect, tests the cremastericexeflThe
cremaster muscle contracts and pulls the testigasard on stimulation

of the inside of the thigh. This passage countées tnotion that
African doctors do not have a knowledge ome of the body’s
physiological processes. However, these interesting fragments do
not prove that African doctors have a sophistidairatomical or
physiological knowledge. They show that they haveyraater
degree of knowledgeperhaps in past ages, than has yet been
recognised.

In some parts of Africa, traditional doctors areolwm to

understandome fundamental public health principles. In Libethe
Mano developed an admirable quarantine systemsrfallpox. They
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were very well aware that it was contagious archsile a ‘sick bush’
for affected patients. This was situated far frdme willage and the
patient was attended to by only one person; noetse was allowed to
approach the area. The patient was put on a catefulHe was rubbed
with topical anaesthetic medications to prevenatsting which could
lead to super infection. When the patient go wélle area was
burned. The ‘sick bush’ approach would do a modern
epidemiologist proud.

Another interesting fact is the practice of dpwmt variolatin (that

is smallpox markings), which is carried out all ovekfrica. The
practice iscenturies old. What is involved here is thatrig an
epidemic, material from the pustule of a sicksperis scratched into
the skin of uninfecteghersons with thorn. In some other cases,
there was no reaction and tipersons inoculated were protected
against smallpox.

In some other cases, the inoculation would prodagaeild, non-fatal
form of the disease. This would also confer permammmunity on the
individual It is a noteworthy achievement that Africans had
devised an effectivevaccination method against smallpox,
centuries before Jenner, who firdevised a vaccination against
smallpox in the western countries.

Exercise 5.3

1. Traditional medical practice is intimately fdiar with the
a) (b) and (©)
inclinations of the patient.

2. A quarantine system for smallpox was develdmedhe

people of Liberia.

3. A smallpox patient was rubbed with (a) to
prevent scratching, which could lead to (b)

4. Smallpox vaccination involved (a)
It was an effective (b) ——— method against
smallpox.

In the area of surgery, the best evidence indicéibas some
African surgeons attained a level of skill comparable, andome
respects superior, to that of Western surgeonsoupd 20th century.
Just as in ancient Egyphe bonesetter guildsor associations were
separate from those whditional doctors, and were well known for
their skill. In many places in Nigeria, you wodldd that these guilds
are very much in operation. Many accident victifitg example, have
more faith in them than in orthopedic hospitals. ndabonesetters
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treated a patient with a thigh fracture by placimm in the loft of a
house. They allowed the affected leg to dangle Wik a heavy stone
attached. This was a very effective traction meth@dce thefracture
was reduced, the leg was immobilised with a tigplint.
addition, the patient was encouraged to exerciseaetured leg. It is
widely known today that a new bone is laid downrencapidly over
the fractured site, when there is some exerciskeofimb.

The following is an interesting story from Nigerilt was reported
that a man who had his abdomen cut open by amatepvas treated
by a traditional doctor in the following way. He rep&d the
intestines in thebdominal cavity, secured them in place with a
calabash covering, anéinally sutured together the overlying
abdominal wall and skin. The manon recovered and went back to
work.

A caesarean section (figs 2.13 & 2.14) performea Banyoro surgeon
in Uganda in 1879 is one of the most remarkablemtes of African

surgery ever documented. It is an eyewitness ad¢dmyia missionary
doctor called Felkin. Quoting him:

The patient was a healthy looking primipétiest pregnancy) of about
twenty years of age. She lay on an inclined bedh v head
restedagainst the side of the hut. She was half imc@mbed with
banana wine, was quite naked and was tied downhe bed by
bands of bark clotbver the thorax and thighs. Her ankles were
held by a man... Whileanother man stood on her right steadying
her abdomen....the surgewas standing on her left side holding
the knife upwards and muttering encantation. He then washed his
hands and the patient's abdomen fivéh banana wine and then
water. The surgeon made a quick cut upwards frainghove the pubis
to just below the umbilicus severing the whole abho@l wall and
uterus so that amniotic fluid escaped. Some blgedoints in the
abdominal wall were touched with red-hot irong.he surgeon
completed the uterine incision, the assistaljgihg by holdingup

the sides of the abdominal wall with his hand andking two fingers
into the uterus. The child was removed and the&l @eas cut. The
child was handed to an assistant.

The report went on to say that the surgeon squeteedterus until it
contracted. He dilated the cervix from inside whil fingers (to allow
postpartum blood to escape)- He removed clotst@glacenta from
the uterus and then sparingly used red-hot ironsetl the bleeding
points. A porous mat was tightly secured over wwund and the
patient turned over to the edge of the bed to gedmdinage of any
remaining fluid.
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The peritoneum, the abdominal wall and the skinewapproximated
back together and secured with seven sharp spikesot paste was
applied over the wound and a bandage of cloth tiggdly wrapped

around it. Within six days, all the spikes were osad. Felkin observed
the patient for 11 days and when he left, motheramld were alive and
well.

In Scotland, Lister had developed antiseptic syrgest two years
before the event described above. But universaliagiipn of his
methods in the operating rooms of Europe took mgesrs to be
realised. You will be interested to know that caesa sections in
Europe then were performed only under the most alasp
circumstances and only to save the life of the nhfaA caesarean
section to save the lives of both mother and chddunheard of in
Europe at that time. Also there are no recordpradedure
among the great civilisations of old.

The surgeon understood the sophisticated concg@aaesthesia
and antiseptics. He also demonstrated advancegcaltechnique. In
his sparing use of the cautery iron, for exampke,showed that he
knew tissue damage could result from its overuse Gperation was
without question a landmark reflecting the besAincan surgery.

It is good for you to know that, in Nigeria, in ®7he root bark of a
plant called Annona Senegalensis was found togsssstrong anti -
cancerproperties. Even earlier, 16969, herbal preparations that
were used in Nigeria to treat skin infections wéyand to have
definite bactericidal activity. This was against gram-positive
bacteria, the very organisms tleause skin infections.

This section of the unit has attempted to shitvat the traditional
doctors of Africa had a high level of medical asargical skills

from the earliest times. They had much more thay thave been given
credit for.
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i, 3,13 Tustostinn s De R Pkl deceripion of the vatadteat i

Fig, 514 Niusteation of poot-aeesresn snmmd cleawre from Fellinta desctipton: also knife used i the cuw-arean
_ marticn deduribed by Falkin o LET3 ;

Exercise 5.4

1.

One of the most remarkable examptds African
surgery evedocumented was (a) —performed by a
(b)———surgeon in Uganda in the ye@)————— It is
an eyewitness account bymassionary doctor called (d) —

The surgeon that performed the surgery nstded the
sophisticated concepts of (a) and

(b)
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4.0 CONCLUSION

In this unit, pieces of evidence to supptre fact that the
sciences ofmathematics and medicine also originated in Afiica
areas outside Egypt were given. Thus, Africa’s nekaihave been
vindicated.

50 SUMMARY
The main points in this unit includes the following

o Among the earliest evidence of the use of numbefiica is a
carved bone. It was discovered by Dr Jean de leémat the
fishing site of Ishango on Lake Edward, Democr&sepublic of
Congo.

o The Yorubas have a complex number system, whiddased on
twenty, and the unusual feature of the systemas ithrelies on
subtraction to a very high degree.

o In the system, in numbers that go by tens, fiveiged as the
intermediate figure, that is, five less than thetri@gher stage.
In those that go by twenty, ten is used as thenmdiate.

o The subtractive principle in the Yoruba number sgst
originatedbecause of the practice of counting cowries bysfive
. When a mathematical system is not recoverableothays of

knowing that a people had mathematical knowledgtude the
following: it may be hidden architectural desigh;may be in
abstract patterns; it may be measuring systems and it
may also be in complex network gambk#dren play or
in mathematical recreations such as the Ayo game.

o The state of traditional African medicine today slo®t reflect
the best of what the traditional doctors knewisTis because
of the fact that aremendous amount of knowledge has
been lost due to variowssruptions of its culture

o There is an element of ritualand magic
in some Africarneapactices. This has been highlighted
so often for sensational effect in films and bookih the result
that it has hidden the serious scientific supecsime to African

medicine.

o Africans have various plant medicines for many asss and
conditions such as abortion, retarded labour, dritketc.

o Traditional doctors had much knowledge of anatoand

physiology, and understood some fundamental pubéalth
principles, for example the use of the quarantigstesn for
smallpox.

o They also developed a vaccination method againatlgox long

128



GST 105 MODULE 2

6.0

7.0

before Edward Jenner’s vaccination method becardelywused,
and also hadvery early knowledge of psychotherapy,
anaesthesia, antiseptics amwoagical techniques.

TUTOR-MARKED ASSIGNMENT

Write short notes on

(@) the Ishango bone (b) the Yoruba number system

With examples, show that the African triadal doctors

had mucltknowledge of

(@) anatomy and physiology (b) fundamental pulkigalth
principles.

REFERENCE/FURTHER READING

The contents of this unit were adapted from: SextihV. (1992) (ed.)

lacksin Science: Ancient and Modern, Transaction Bodkesyw
Brunswick.
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MODULE 3

Unit 1 Science, technology and inventions

Unit 2 Social implications of technological advangent
Unit 3 The nature and scope of philosophy of smen
Unit 4 Man and his origin

Unit 5 The nature of man

UNIT 1 SCIENCE AND TECHNOLOGY AND
INVENTIONS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 The impact of science and technology on $pcie
3.2  Definitions/distinctions between science tazhnology
3.3 The beginning and importance of technologyhiman

affairs

3.4 The importance of science, technology andentions
today

3.5 Subdivisions of science and technology
3.5.1 Science

3.5.2 Technology
3.6  Methods of acquiring technological advanceimen
3.7  Some early contributions to science and teldgy
3.8  Some modern contributions to science andhtdolyy
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

We have entered a new module - module 3. The first of our
discussion will be on science, technology and itie@s. In the last unit

of module 2, we discussed about the lost scientédrwa. Evidence
was given to showhat whatever we know today to be science,
originated in Africa. Sincecience and technology can be likened to
a pair of identical twins, it means that techiggi@lso originated in
Africa. You will read about this as we go along.isThunit will also
introduce you to the differences between sciemcktachnology, their
subdivisions and how a technology can be acduire
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

o mention at least five areas where science andhtdahy
have hadmpacts on the society

o distinguish clearly between science and technology

o describe briefly the development of technology

o outline vividly the importance of science, techrgyoand
inventions to the nations of the world

o classify accurately science and technology

o list and briefly describe the methods of acquiring
technological advancement

o name and discuss some early modern contributiorscience

and technology.
3.1 The impact of science and technology on sogiet

Where do you live? In a village or in a town? Wiwereyou may be
living, you are likely to see, hear, and touch se warious objects in the
course of asingle day. Such objects include soap, toothpaste,
broom, knife, safetyazors, hot water, telephones, cars, buses, trains,
objects in offices, factories, homes, schoolstawsnts and theatres.

In addition to all these, you are likely to touchdause such devices
designed to save physical labour suclirastors, those designed to
help in communication, entertainmemtansportation, high-speed
computers and medicines. All these and mamye are called
products of technology.

It is interesting to note that before each of theeeluctsdeveloped,
a significant scientific discovery had been madeaclE of these
examples demonstrates a symbolic relationship letwsxience
and technology. For example, knowledge obtained frongheentific
disciplines of mathematics and electronics weredus® produce
highspeed computers. What other connections cannyake between
science and technology?

Has technology had any effect on your lifesty@&@hsider how it
hasaffected the way you eat, drink, travel, work, ptand sleep. Think
about technology and environmental implicationsowhsome of the
products suclas cars can cause air pollution with the exhdustes.
Also think aboutechnology and life and death - about how babies a
born today and how old people live before they die,compared to a
hundred years ago. Yanight now be aware that key influences
in all these are sciendechnology. These have been the most potent
forces for social change in the history of man.
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3.2 Definitions/distinctions between science anddhnology

In unitl of module 1, various definitions of swe were given.
There, science was defined as:

a. a body of knowledge such as chemistry, phybicéogy, etc,
b. a method or process of acquiring knowledge;
C. an institution.

Thus, science is both the process and the proddct
investigation andesearch. The process involves research and the
product is a set of ideatheories and principles, which make up the
various body of knowledge.

Technology is therefore defined as the applicabbrscientific
knowledge and research, with the aim of developgmmgducts or
processefor the use of man. It consists of the pradticowledge
of what can be&lone and how. It is not a body of theoreticallyated
laws and principles. It is characterised by techeg] devices,
procedures, processes and materials.

It is more of a collection of practical infoation that can be used
to dosomething.

Let’'s consider an example from agriculture. A lacgep of vegetables
isin danger of destruction by insects. Agricultusadientists have
already developed insecticides to be used to fight the cisself a
decision is taken to spray the crops with the itisge from an
aeroplane, that decision is matdy an agricultural engineer. He
will take health, economic andnvironmental factors into
consideration in making the decision. The actuehging is carried out
by a technician. The technician is a specialisb\wnows how to load
the insecticide, fly the plane and spray the cr@ykthe techniques,
procedures and materials used make up the technobdg
insecticide spraying from an aeroplane.

It is important for you to know that in spite oliet seeming differences
between science and technology, they are intimaletked or
symbiotic. This is because technology will be clggpand blinded, if
not for the new knowledge which science provides i

Science, on the other hand, will not progress miudechnology does
not supply it with new instruments, new techniques arew

powers. Let's illustrate with the following examples. The
practice of photography(technology) originated before the
theory of photographic process wamrmulated (science).
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Photographic materials were made by trial and etogr till about
1950’s, the methods used in manufacturing phajagcmaterials
were a little advanced than the basic science bé ghotographic
process. A point was reached however, when progress
photographybecame slow. Progress was only accelerated wieen t
physical chemistry underlying the photography pssceas understood.

X-rays were discovered through scientific reseafdte knowledge of
these x-rays enabled the technologists to devel@y xnachines. These
x-ray machines, in turn, now help scientific reshars to
examine, gample, the arrangement of atoms in crystals. So
both science antkchnology go hand in hand. Do you still remember
who discovered x-rays? Remember we discussed &daunodule unit

3 of module 2.

Now let us consider what motivates scientistsd gachnologists.
What drives the scientist when he is acting asiensist is the longing

to know and understand. The key word here is sityioThe scientist

is curious to knowand understand nature. He is not bothered
about application of hienowledge. Other characteristics of the spirit
of inquiry include:

a a questioning of all things;

b. a search for data and for relations that g¢een meaning;
o a demand for verification;

d a respect for logic.

In other words, the principal activity of a scietis research.

What drives the technologist, on the other hanthesdesire to translate
ideas and plans into concrete products or prose3dee key word is
know-how. His aim is to produce things and not to formulate
theories about the devices and techniques used in the process. It is
important for you to know that the ideas implemeénby technologists
are derived both from science and non-science areas

The corresponding plans are often developed byneegs.

Exercise 1.0

1. Science is both the (a) and (b)) ——
——— of investigation and research.

2. Technology is characterised by (a) )
() and (d)

3. Scientists are motivated by (a)

while technologists are motivated by (b)
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3.3 The beginning and importance of technology imuman
affairs

Technology is as old as man himself. In his dewr@rovide for his
basicneeds of food, clothing and shelter, he made aed usols
(origin of technology). With time, man not only sought to sigtihis
needs but also his wants. Technology also helped tmaget what he
wanted. These includaay, leisure, houses, exotic foods, travelling,
faster communication withthers etc. Do you know that man’s earliest
natural tools were his hands and teeth? He gradiuatstones, and then
to sticks shaped to be used as tools. As time wenhe developed tools
of special types to be used for hunting, fishind #re making of clothes
and shelters.

Man’s technical progress is believed to be goweime two elements,
which are discovery and invention. A discovery isnew way of
looking at an old phenomenoimvention, however, is defined as a
mental process in which variodsscoveries and observations are
combined and guided by experience into some nelotoaperation. In
other words, experience guides somebody to makeol$es various
discoveries and observation to produce new tool®pmration. It is
important for you to know that much experience éeaed to lead to
truly important inventions. This may be the reasadmy the material
progress of ancient man was very slow.

The next stage in the evolution of technologyhis discovery of fire. It
is the most important discovery of Stone Age mae.uded the fire to
warm himself and to prepare tastier food. Firenthedl to the birth of
cooking andsubsequently to the invention of suitable kitchen
utensils and cookingnethods such as baking, frying, steaming etc.

Can you imagine what it's like to eat uncooked fodde discovery of
fire was therefore a very important event.

Man later began to cultivate his own crops and as@mals for a more
regular supply of food. This led to the establishiréf communities.
He domesticated animals and developed agriculttoals. He made
textiles, produced pottery, invented the wheel and the sail t
improve histransportation. Man also learned to mine and etilis
metals such as copper and iron. Technology thusenmassible the
beginning of civilisation in Egypt and Babylonia.
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3.4 The importance of science, technology and invons
today

It may interest you to know that the factors tHetinguish our age
(20thcentury upwards) from the past are: the reitmgn of the
importance ofcience and technology in human affairs, the irsgda
pace of scientific antechnological development, which makes it
part and parcel of our daily living, and the reation that science
and technology are not simply lamited or local factor. It
encompasses all men everywhere, anohtesrelated with nearly
all-human endeavour.

The 20th century as we discussed in unit 3dirie2as
characterised by rapid advances in science, téogy@nd inventions
(ST &I). We all feel the impact of them (S T&ih) our daily lives as
well as in our social and political institutionSor instance, modern
man has replacethe heavenly implements and tools of primitive
man with tractors arnmoughs for tilling the soil. This represents
a higher level of technology. The hydrogen bomb,clear
weapons/missiles have replaced the bow and arrongdogies of the
old eras. Even on the home front, housekeepingpbar happily made
a lot easier for the housewives with the introduciof labour saving
machines such as microwave and electric ovensuwaaleaners etc.
Without doubt, the standard of living of a nataepends on S T and I!

Developing nations such as Nigeria and other Africauntries,
are beginning to realise one essential difference betw®em and the
so-called developed nations. This is the fact tha&ise (developed)
nations have been able to create, master and wsksrmS and T. This
means that S, T and | form the foundations of mo@sistence.

A highly developed education and research progranmméhe
basic sciences is needed by any country (including N&gerthat
would want a secure and stable society.

Knowledge of the basic sciences such as physiokdy and chemistry
areof indispensable value because it is throughr tleeearch

effortstechnological growth can take place. The stableespshould be

one where industrialisation, public health carejaated agriculture etc
can flourish.

Long- term progress is only possible if a perceata§ government
funds are used for teaching and research.

In the past, especially during the colonial er& $ did not feature in
the policy of the colonialists, and generally ne¢is as an mechanism
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that could contribute to the development of theidsin continent.
Its recognition in today’s Africa is a significaistep forward, even
though much still remains to be done to make STaad integral part of
national development strategy of African countries.

Exercise 1.1

1. Man’s earliest natural tools were (a) and
(b) :

2. Two elements that govern man’s technical pesg are (a) —

and (b)

3. Mention three factors that distinguish theh2&¢ntury from the
previous centuries.

4. A stable society is characterised by manyghkiamong which
are (a) (b) and (c)

3.5 Subdivisions of science and technology

While science is usually subdivided into basic sces and sciences
and sciences in application, technology is subdividedo i
classical lowtechnology and science-based high technology. Vaé sh
discuss them one after the other.

3.5.1 Science

() Basic sciences

These can also be called pure or fundamental sesenthey can be
defined as man’s systematic effort to understand natural
phenomena. Thénvestigator's primary aim here is to have fuller
knowledge or understanding of the subject undeidys They are not
bothered about practical applicatiof the results obtained. These
basic sciences play a fundamental rolemadern society. It is
through  deeper understanding of nature that mankind
has learnt how to derive the greatest benefit fitowhether for good or
bad.

Basic sciences comprises of five sub-disciplinesiclwhare:
physics,chemistry, mathematics, biology and basic medic&nEes.
This is whyresearch and training for basic sciences are aadun
the Universities or in the research centres spgc@akated for this
purpose.

(i)  Sciences in application

These are concerned primarily with applying theultss of basic
sciences to practical uses. There are five areasi@fces in application.
They are: medicines, health and population, energy policies,
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environment angollution, as well as the earth sciences (including
irrigation and meteorology, oceanography and sdisgy).

However, it is important for you to note that rasdh and development

in applied sciences are carried out under the sigien of research
councilsor by private industries. It is also worth notitigat today,
especially inindustries, basic and applied sciences work hartad.
Many conclusionsarising from basic sciences cannot be tested
unless the applied scientigliscovers the means of testing.
Conversely, before the applied scientist paoduce desirable new
products, years of basic research may fagtired. Thus, basic
science is dependent on applied science, as amiapplied science is
also dependent on basic science.

Another important thing for you to take noté ie that despite
the largetechnological contents of some of these areas ofiaap
science, they are not areas of manufacturing tdoggpdut of applied
science.

3.5.2 Technology

As we have mentioned before, technology may sod-divided
into two groups, which are: classical low technology and
science based highchnology. The generic word ‘technology’ is used
here to refer to the wholgrea of manufacturing technology. High
technology differs from lowechnology because high expertise in
the relevant basic sciencedike physics, chemistry, biology,
mathematics, etc) is crucial. The materials usedigh technology
are minimal in bulk. Just likebasic versus science, the
distinction between the two areas of technpltmt is low
versus high is often not clear. This is noticedipalarly when methods
andtools of high technology such as micropssoes are
used in industrigbroducts of low technology.

Exercise 1.2

1. What is the primary aim of a basic scientist?

2. Four areas of sciences in application are{a}
(b) (€) (d)

3. Research and training for basic sciences@rducted in th
(@) or (b) :

0] Classical low technology

There are five sub-areas here and they are: hdkncals, fabrication
of iron, steel and other metals, design and fabrinatio
(indigenous) industries(for example, cotton, leather, wood, food
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products, tobaccapnstruction materials), petroleum technologies, as
well as power generation and transmission ( indgdieavy electrical
industry).

In these areas there are no new scientific lasi to be discovered.

However, designs, adaptation and modification obdpicts
need to baleveloped from time to time. These areas are
the traditional areasaftsmanship and skills. Thoroughness (in all
aspects of manufacture aaditer service), beauty of design, the
quality of workmanship, cost anufacturing competitiveness are
all-important. Do you think Nigeriabelongs to this area of
technology? If you do try to categorise the Kkindsf o
industries in Nigeria, do they fit into the divsub-areas of
classical lowtechnology?

While the basic processes of classical low techypolaemain

unchanged as stated above, new high technologiesh sas

microelectronics, robotics and new materials arenghantroduced.

These have helped to modify some processes, maeagemd control
of existing ones. When people talk about transfeteohnology from

abroad, they are referring to this area of clasdma technology. A

country that wishes to industrialise will have &vdlopone or more
of the technologies listed above. Japan, tienér Russian
Federation and South Korea became industrialisexi¢iin that method.
The same is true with regards to other developiogntries such as
Nigeria. As it was in the case of those countriegarted, low

technology is now playing a big role in building apour technological
base.

(i)  Science-based high technology

You may have observed that the last two decadethef20th century

hasbeen characterised by an unprecedented pace obbgevent

of new technologies and rapid change in their adaptatems

utilisations. Thehighest achievement in this ultramodern technology

may be divided into sixareas, which are: communication,

informatics and other sciences. Thegasist of two sub-disciplines

(@) Microelectronics. It includes development of softeja
microprocessors, computer - aided design, evefdabalkation of
microchips. All these are in use in industries suah the
automobile industry.

(b)  Microphotonics. It includes the developmentlasgers and fiber
optics.

Of these two, Microphotonics is the less depetband it requires
greaterresearch effort to bring it to fruition.
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Others here include space technologies such asnameifacturing
of rockets for space travel, composite materials amgh h
temperaturesuperconductors, nuclear energy, pharmaceuticats a
fine chemicals, asell as biotechnology and gene splicing.

Do you think Nigeria belongs to this group? | dathink so. Very few

of the developing countries with the exception thfe Confucian belt
countries(such as Singapore, South Korea, China, Malaybidja

and Brazil) areconscious of the need for or have made progress in
high technologies. Thgeneral feeling in many developing countries
Is that these new areas hegond them. You may agree with me
that it is this feeling of lack of faith imheir own scientists and
technologists that one must fight against. TlE®ecause the future
of these countries undoubtedly lies in making difecuse of these
specialists.

Exercise 1.3
1. Five areas of classical low technology incl{a)e
b) (c) (d) and e)

2. What 3 aspect of new high technology can leduced into
classical low technology to help improve processd an

management?
3. Two sub-disciplines of communication/inforneatiare (a)—
— and (b) what does each consist of?
4. Which countries make up the Confucian Belt?

3.6 Methods of acquiring technological advancement

Technological advancement can be achieved in tHewimg ways:
Technology transfer: This is a situation where the productive sectors

of the economy(that is the manufacturing industries in a cognt
import from another country, both the productivaaminery and
equipment and thexperts that will organise the systematic transfer
of the required technology.

Acquisition technology: This is an advanced form of technology
transfer. Unpackaged technology: This refers to technology obtained
through relevant software and during the repairs/maintenance of
the item. Through sucéxposure, a local replication of the technology
is made possible.

Adaptation technology: Here, the technological product is first
obtained. It is then dismantled and reproduced with infused logalit,
based on useful indigenous technology.

Poached technology: Thisis the covert taking away of technology
without the consent of its originator or producer. Thisyrba achieved
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through the help of spies or unscrupulous prieat@epreneurs, with
occasional supportof their governments. Occasionally, key
scientists behind importamtnovations are kidnapped or attracted
to the seeking country by monetary inducements.hSactivities
infringe on the patent law and the internationalperty rights.

3.7 Some early contributions to science and techiogy

Some scientists who have contributed monumentadly stientific

knowledge by their pure or basic research include:

a. Robert Boyle (1627 - 1691). He is regardedhas Father of
Chemistry. He is famous for his discoveries on pihsics of
gases.

b. Marcello Malppghian (1628 - 1694). He haserbeeferred to
as the'Father of Microscopy’. This is because of his nuouws
anatomical andbotanical investigations with the newly
invented microscope. Thwalppghian layer in leaves of
plants is named after him.

C. Christian Huygens (1629 - 1695). He was a texpu
mathematician and an astronomer. He built the fasturate
pendulum clock.

d. Robert Hooke (1635 - 1703). He made his gvas a surveyor
and an architect. He was a research assistantyte Bde carried
out variousresearches in biology and physics. He is
most remembered for hmsicroscopic discovery of the
cells of plants.

e. Isaac Newton (1642 - 1727). He was a ianil
mathematician anghysicist. He is remembered mainly for
his laws of motion, and the discovery of themposite
nature of white light using a sunbeam arnatiam.

f. Michael Faraday (1741- 1867). He was a brilliant
physicist. He isemembered for his discovery of electricity
in 1813 during a series of deliberate researchéswery simple
apparatus.

On the other hand, the production of steam poweechnical
development is the most important in the whole dnstof modern
industrial civilisation. This technical productigmoceeded without any
help from pureor basic science. The original incentive fosthi
inventionwas cormcmlyercial and industrial. That is htowsolve
the problem of pumping water from a mine. The oslgnificant
contribution form theory was thavention of separated condenser
in 1764 by James Waft736 1819). Apart from this the steam engine
was invented and improved by a succession of macinventors
without any training in mathematics or physics.
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3.8 Some modern contributions to science and techiogy

It is important to know some modern contributioastience and
technology. Invention is an outstanding feat emagatfrom
science andechnology. The claim is often made that modermutigy
depends on basic science for its supply of intiowa. It is also said
that the support of pure science is justifiableawuse it would lead,
eventually to economic benefits through improvetlustrial products or
processes.

For instance, the zip used to fasten a piece bfigt especially
women’s dresses was invented by W. L. Juddde was
an Americanmechanical engineer. He applied for the first patédn
his invention in 1891. (The patent is an open tdtmn the government
of a country, conferringhe sole right for a period of time to
make, use or sell some inventiodudson’s invention was a unique
one. He formed a company to try to madked market a saleable
product. But the company failed after a periodtwénty years. It
took another company called the Automatic Hook Byd Company
and a Swedish electric engineer called G. Sackiif1913) to
improve and finally come up with the essential gesive know today.
But public acceptance of this new product only came 1918.

Another notable invention was that of antibisti®he invention was
a technical innovation that sprang directly from pure basic
scientificresearch. In 1928, Alexander Fleming accidentatigesved
the effects of microorganisms (fungi) named Pelnicni on a bacterial
culture. He wasleeply interested in natural products that cdiild
bacteria. He immediately started research on the penicillium
phenomena. Over a period of three to four yelaesextracted the
active agent in the fungi, tested its action onrei$ and humans. He
found out that it was not toxic to animals and homade published his
results in a journal. But because Fleming wasian who didn’t like
publicity, his discovery was almost completé&yored. Again, he
didn’'t have the money to isolate and purify theive agent for
commercial purposes. Additionally, he didn’'t seekbitity
because commercial pharmacists of that time gdgerahsidered
the concept of a non-toxic bactericide, a contradiction

Ten years later in 1939, a group under Howard klarel Ernest Chain
began work on natural antibiotics. They came acFkdeming’'s paper

in theliterature and soon confirmed Fleming’s work thgnicillin
was highlyeffective and could be concentrated and purifiddrey
went to the Unitestates in 1941. Since that was wartime and
many people were eunded, he was able to convince the
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pharmaceutical industry to commgome amount of money to
develop and produce penicillin. In eighteeronths, they had
enough active penicillin to treat 200 cases. Afténirty months,
processes for large-scale industrial productioraberavailable. For
all these, Fleming, Florey and Chain were awardedNobel Prize for
hysiology and Medicine in 1945 and also receivemykinoods. Being
basic scientists, they were well satisfied witke Honour and glory.
The industrialists had to comfort themselves with tHaancial
profits of theoperation.

Exercise 1.4

1. Where the productive sectors of an economgpms productive
machinery and equipment and also experts, thaintdoby is
called

2. A technology that is acquired through the negpmaintenance of
an item s called .
What is poached technology?

Match the items in A with those in B filling in the
blank spaceprovided.

A B

Robert Boyle a. Zip fastener

Marcello Malpighi b. Laws of motion

Christian Huygens c. Father of Chemistry

Robert Hooke d. Discovery of electricity

Isaac Newton e. Father of microscopy

Michael Faraday f. First accurate pendulum clock
Judson g. Discovery of plant cells

Hw

4.0 CONCLUSION

This unitis a very interesting unit, particulady it has exposed us to
the distinctions between science and technology, itinportance
of sciencetechnology and invention@opularly called S, T & I)
to the standard diving of any country of the world today. We have
also learnt some of the methods of acquiring teldgical
advancement. So if you are interested in helpingr yapuntry to be
more technologically developed, you can choasg method of your
choice with the exceptions of Poached technoléggmples of
some early and modern contributors to science aokdnblogy ended
the unit.
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5.0 SUMMARY
The main points in this unit are as follows:

o Science and technology have affected dtestyles.
This is moreobvious when lifestyles of today and that of 100
years ago are compared. So they have been the potent
forces for social change in the history of man.

. Science is both the process and product of imyasdn and
researchwhile technology consists of what can be done
with the products ahvestigation and how they can be used.

. Curiosity motivates scientists to carry out invgastions and
research, while the desire to know how to transideas and
plans into concrete products or processes, is whativates
technologists.

o Technology began when man-made and used,tool
his desire t@rovide for his basic needs of food, clothing and
shelter. Man’s earliest natural tools were his lsarahd feet. He
later graduated to stones, to sticks shaped toskd as tools,
and then he developed tools of special types touded for
hunting, fishing etc.

o Man’s technical progress is believed to be gosdrby two
elements, which are discovery and invention.
o The discovery of fire is the most important disagvef the

Stone Age man. With it he learnt how to cook, whicén led to
the invention of cooking methods and kitchen utsnsi
. Man later domesticated plants and animals, and thus

invented Agriculture. This led to the establishment of

communities. Technology thus made possible the

beginnings of civilisations in Egypt aBdbylonia. The

20th century can be distinguished from the jo@scenturies

by the following:

(@) the recognition of the importance of science and
technology iluman affairs;

(b) the increased pace of scientific and technological
development, and by The realisation that sciencg an
technology are not simply a limited or local factor

o The standard of living of any nation is dependemtsgience,
technology and inventions.
o Science can be subdivided into basic and applieshses.

Basic sciences include physics, biology etc, while applie
sciences include agriculture, medicine etc.

o Technology can be subdivided into classical - l@eghnhology
such as fabrication of iron, steel etc, and scienbased high
technology such as space technologies, Nucleaggmtc.
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o Methods of acquiring technological advancemantlude:
technologytransfer, acquisition technology, unpackaged
technology, adaptatidmchnology, and Poached technology.

o Some early contributors to science and technologgiude
Robert Boyle, Marcello Malpighi, Christian Huygesis.
o Some modern contributors to science and oy

include W. L.Judson, Alexander Fleming, Howard Florey and
Ernest Chain.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the differences between science,ntdogy and
inventions?
2. Write short notes on the following:

a) Basic sciences

b) Applied sciences

C) Classical low technology

d) Science based high technology
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1.0 INTRODUCTION

From the discussions in the last unit, that is dnityou may now be
aware of the relationship between science and t@ogy. You may
also be able todentify several situations in life where scienc
and technology havenriched men’s lives. The topic of discussion in
this unit will help to refreshyour memory of some of the
gains of science and technologspecifically, the unit will
acquaint you with some of the negative or adveestects of
technological development on society. It is arpnt to know
these because.

a. They will enable you to develop an awareness pybblems
which confront human beings everywhere.

b. They will also help you to be aware of thetfdat the solution
to socialproblems depends on every human being and on
bringing togetheknowledge and understanderived from every
known discipline.

Since we have discussed the relationship betwssance and

technology and their uses in the previous unitsdi 2, unit 3 and
module 3, unit 1), you will not find this unit tabfficult to understand.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

o outline some of the gains of technological develepm
. discuss vividly, how technological development haffected
society in terms of
(1) increase in population
(i)  environmental pollution (iii) poverty
(iv)  pursuit of peace

3.1 Gains of technological development

Can you remember the meaning of technology? Dawottry if you
cannot! Let us try to understand it. The widespreashning is ‘the
application of scientific knowledge and researclthwthe aim of
developing products or processes for the use of.’nmdese products
and processes can be found in the areas of agmeuknd food
production, medicine, architecture, engineering, transport and
communication, spacexploration, pharmaceutical industries and so
on.

In the field of agriculture, for example, technakg equipment
comprising ploughing machines, tractors, harvsstehas
tremendouslyincreased production. Agricultural raw materials/dna
also been turned into various forms of manufactugesdds. An
example is the use of animal skins in the productd leather for
manufacturing handbags, wristwatch handles anchs&@an you think
of other examples?

In the field of medicine, new drugs and new techem for
curing diseases have been discovered. These have helped to
improve the life ofindividuals in society. Better surgical techniques
and better understanding of the body’s immune systave led to
increase in organ and tissue transpl@nich as lung, liver, kidney
etc). Do you know that through ultra sourdhniques, the
condition of a developing baby in the womb can hevwkn clearly and
quickly?

In the areas of architecture and engineering, dible structures such
as dams, pyramids, artificial lakes, canals, hoasesso on have been
built. Biotechnology has helped to improve agrictdt and food

production by increasing yields of plants and nzals. It has also
helped to medicine by the development of drugshsas the human
insulin used for the treatment of diabetes.
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We have now outlined some of the gains of techyiold
development. Let us now turn tothe negative olvease effects of
development.

3.2 Adverse effects of technological developmem society

You may be aware that some of the worst probleiaumanity have
either been brought about or increased by sciandeechnology. This

is in spite of the many in which ways they haveidm@d men’s lives.
Can you mentiosome of the problems? You are on the right
track if you saytechnological development has:

a caused an increase in world population
b. caused pollution of air, land and water
c caused poverty or

d threatened the pursuit of peace in the world.

The mnemonics device for remembering these are fole P’s:
Population, pollution, poverty and pursuit of peatley are intimately
interrelated with one another and with sciencetantnology.

We shall discuss them one after the other.
3.2.1 Population

You probably may not know that one of the mostmesiadverse effects

of science and technology is overpopulation. The werld
population isdoubling approximately every thirty-five years. The
global population inl974 was approximately 4.0 billion. By the year
2006, it is expected to have increased to 6.8obilli

Seventy - five per cent of the world’s inhabitalive in the developing
countries and the highest immediate incrementbavad to take
placethere. The population of Africa, for example, wa® 2nillion in
1960 and it was projected to be 853 million by ylear 2000. Nigeria
alone has over 100 million people already.

What do you think has caused these spectaculaeases in
recentyears? Well, you will be correct to say advancesagricultural
and health technologies have brought death ratesvti®rth rates.

During the10,000 year-phase of agriculture, minor improvetsen
in agriculture made it possible to obtain a slow hbigtidctive growth
in the world population. This was at a rate of s@rhat less than 0.1
% per year.Then aroundl750 AD, the agricultural revolution
was in full swing. lbrought about three areas of development:
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1. Improved crop growing methods such as in croptimia
which eliminated land fallow method.

Advances in livestock breeding.

The invention of new farm equipment such achmnes for
planting, cultivating and harvesting crops.

wn

The effect of these was ‘increase in food produrctiThis effect when
added to that of industrial revolution, which iscriease in standard of
living resulted in increased birth rate and decreadedth rate.
This trend hasontinued till today in spite of that fact thatnse
countries are trying to curtail birth rate througdrious means, such as
natural family planning or the use of condoms.

You will agree that the links between these popuoitat increases
and technology are obvious. For instance, adverse ssasould no
longer causefamine because of improved food production and
distribution. Epidemialiseases no longer reduced population because
standard of feeding had risen and advances inramental
sanitation and increasing sophistication of meditehtment had
decreased death rates. Is it not both interestdgterrifying to consider

the fact that what was apparently a beneficial etspktechnology-the
reduction of death rate due to the effectivetmrof disease
and famine - has generated the problem of overpatipal?

3.2.2 Pollution

It may interest you to note that too many peoptan cause
depletion ofnatural resources, and energy; It also givese 1
poverty and pollutionThey are all interlinked and are aggravated
by overpopulation. Theeterioration of the human environment,
in particular, is a problem thatarises as a result of
industrialisation brought about by science &utinology.

When man was using his hands as his only toot (than the ancient
times), his impact on the environment was snilk as soon as
he hadpower tools and machines to extract coal, oil, atigkr fossil
fuels from the earth in large quantities, he bet@margenerate power
(such a electricity, gagerosene, etc). He also began to deplete
the natural resources amprecedented rate. Power, however,
is absolutely necessary to run sdustrialized society but power
also pollutes.
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Exercise 2.0
Complete the following sentences:

1. techniqgues can be used to clearly see a
developing baby’s condition in the womb.
2. In 1974, the global population was while it is
expected to be by 2006.
3. The increase in population was brought abgutb
and

That was a nice break. We were discussing abouitmoi - that power
pollutes. Power includes the use of petroleum, gaspsene and
otheraspects of crude oil.

If you can get some copies of Nigerian dailies neagazines, you can
read stories on the pollution of the land, waterd air of the states
of thesouth-south and other oil- producing states ofctientry.

- Wig, 2.3 Mag of MNigetia showing ofl prodvcing stassa®

From the map of Nigeria above, you can observettieabil producing
states are Delta, Edo, Rivers, Bayelsa, Imo, ebe fiatives of these
states are noparticularly happy about the activities of the oill
companies located ther&uch oil companies include the Royal
Dutch/Shell Group, Chevron, Exxon -Mobil, Texacogig (Italian)
and EIf (French). The unhappiness of these peogfe be gleaned
from the following statement:
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Since Shell began drilling oil in Ogoni land 1858, the people
Ofgoniland have had pipelines built across thaimlands and in front
of their homes, suffered endemic oil leaks from thesey
pipelines, beerorced to live with the constant flaring of gas.igh
environmental assault has smothered land wittkitiéd masses of fish
and other aquatic life and introduced devastatid eain to the land of
the Ogoni. For the Ogoni, a people dependent u@mihg and
fishing, the poisoning of the land and water hasl l@vastating
economic and health consequences.

The above passage has said almost everything giedlution. If you
are now asked to define pollution, can you do soBelieve you can.
You are right if you say that pollution is the r@te of substances or
energy into the environment in quantities which laaemful to man or
other living things. Apollutant therefore is a substance whose
presence in the environmentharmful. Examples are chemicals,
garbage, noise, heat, acids, etc. hasessary to know that although
some pollutants occur naturally (like @éepage from undersea
deposits and from volcanoes), most of them pasduced by
human activities. They can affect air, water anttdlaCan you list air
pollutants? You are right if you list things likeheust fumes, domestic
and factory smoke, poisonous gases like carbon-omde, ozone,
etc. Air pollution affects human beings directly lmausing
smearting of the eyes, coughing and respiratoyesis.

Air pollution can alter the earth’s climate sificantly. The threat

to climate arises from the retention of a high lesklcarbon dioxide

in the atmosphere, which gives rise to a green é@ffect. Human
activities suchas combustion, deforestation and release gases such
as carbon dioxidemethane, chlorofluorocarbon€CFCs) etc in
high quantities into theatmosphere. These gases are called
greenhouse gases because they change the floghoahd heat energy
through the atmosphere. Together, they act asnsrating blanket
covering the planet. They do this by absorbing estdrning to the
earth’s surface much of its outgoing heat (tlsaihfra-redenergy
radiations). They trap this heat within the #&@watmosphere thus
warming it. This is known as global warming.

You might also have heard of global warming in tiegvs. It is a natural
or human induced increase in the average temperafuihe atmosphere
near the earth’s surface.

Various studies have provided sufficient evidemcendicate
that thischange in climate would have important effects it® IFor
instance, it camaffect agricultural livestock, increase rise in sea
level, modify oceamirculation, cause regional famine, desertification
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forest fires and flood.

Water pollution as you might be aware of it incladeindustrial
wastes, oil spillage from oil refineries, leakadresn petroleum tankers
etc. These are washed into rivers/ streams after Adl these render
the water unfit fodrinking. Oil pollutants constitute danger also to
aquatic life througlsuffocation. This is what happens in the Niger -
Delta region of Nigeriawhere the oil companies operate. Other
water pollutants include huméaeces, fertilizers, soap, detergents
and so on.

Rainwater ordinarily is slightly acidic because dissolves
atmospheric carbon - dioxide to form carbonic a@dientists in
1970 discovered thasome countries like Scandinavia, Nofth
East USA, southern Canad¥grthern Europe and Japan experience
rains that were becoming more acidic and more datiag. This is as

a result of accumulation of nitrous oxides (fromwgo plants and
automobile emissions) and sulphuric oxides (maifiym power
plants and smelters) in the atmosphere.

These dissolve in rain water to form nitric aciddasulphuric acid.
Theseacids in the rainwater fall on earth to bathe ftwemnd cities
and fill the lakes with corrosive mix. The rains cause reduction
elimination of fish in many lakes.

You may be aware that land pollution is caused tpdg industrial
wastes such as ‘tarlings’ from steel plant (ih cause the land to be
rock -
like and deprive it of its nitrogen). Otherdustrial wastes from
tanning, textile and iron industries; refuse from the ezt metal
scraps as well adandoned garbage cause land pollution.

Do you know that noise is a form of land pollution?constitutes a
social problem in many developed and developinghtraes. Very often
noise inexcess of 90 decibelavhen noise can cause permanent
loss of hearing)exists in technologically advanced societies. Such
noise often comes from jet airplanes, jackhammedsvary loud music.

In addition, such noise could be damaging to huhesith.

Let’s take a break.

Exercise 2.1

1. Oil- producing states in Nigeria include
—, and

2. What is a pollutant? Give 2 examples.
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3. What is green house effect? Give 3 examplegreén house
gases?
4. What do you understand by global warming?

Pollution, as we have already said, can affeciahd, water and air. It

Is important to know that pollution crisis goésind in hand with the
energy crisis. In advanced countries, the so mamgnities, which
make life so convenient, are often responsible afoinsatiable energy
demand. Homes are heated and air - conditionechbygg consuming
devices and many of them use electricity. The afftucountries are
the worst offenders. It hdseen estimated that the US alone, whose
population is only6% of theworld’s population, consumes 40% of
the earth’s natural resources output.

The rich invariably pollute more than the poor. Theor people in
rich countries suffer the effects of pollution more thitae rich. This
inequality can give rise to social and economici@ms.

3.2.3 Poverty

Do you know what it means in human terms to be padbr
mal rutrition, protein deficiency with possible brain dage in
children, corrosive hunger, famine, lack of medical care, rpoo
health, diseasessuffering, illiteracy, unemployment, apathy and
despair.

Even in the richest of countries there are poclodétpoverty.
The majority of people in the world, however, areop and
further more,although the rich consume the world’'s resourcesa at
much greater rate than the poor, they are geticier faster than the
poor.

The continent of Africa has the lowest Gross biai Product (GNP)
per capital in the world. GNP is a measure of matiovealth. There is
obviously a strong link between overpopulation pogerty. It is due to
the fact that food and other resources are notasing at the same rate
as populatiorthat there is poverty. Although there have beewy ver
significantimprovements in world food production, it is stidlr
below populatiorgrowth despite all current national, bilateral and
international efforts toeverse this trend.

3.2.4 Pursuit of peace

It is an irony that man throughout his long andtuad history has
pursued peace mostly by waging war, and when amviak of peace is
achieved it is often utilised to prepare for wér.time of peace’, they
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say, ‘prepare for war’.

The pursuit of peace arises simply as an indoatf the
kinds problems that pose a major threat to mankind. Ram®le is
the case opossible extinction. This is because of its intgoas
with sciencetechnology and education.

The founders of UNESCO considered peace importamtigh to cite it
in the very first sentence of the constitution, evhreads:

Since wars began in the minds of men, itnsthe minds of
men that the defences of peace must be estahlished

This suggests at once that UNESCO, the internaltionganisation
devotedto education, science and culture, considerspthsuit of
peace its longnge target. Let us briefly review some of thestn
recent examples of the impact of science and tdogy on warfare.

Since the days of the bow and arrow, the skiteohnologists and the
ingenuity of engineers have been utilized in théesign and
production of weapons. Modern industrialised sgcistcharacterised
by mass production of goods, thus mass produaforveapons and
their use were felt for thérst time in the First World War. The
war led to inventions that rapidlymproved methods of
communication  (radio), transportation (the aerop)an and
reconnaissance (aerial photography) to cite justet examples. It also
generated the development of huge cannond chemical
agents, whiclwere used for the first time in the most widesdrea
lethal and destructivevar, which had ever taken place.
Science and technology thus madeeastation possible on an
unprecedented scale.

Only twenty years later, however, the Second Wovithr
produceddevelopments that dwarfed those of the First Wavkt. The
participation of scientists in warfare, which hadooff during the First
World War, wasincreased and magnified during the Second
World War. But a nevdimension was added and that was the use
of scientific knowledge, which had just barely babscovered in the
laboratory. The commonest example of this was, obree, the
development of the atomic bomb.

The financial, scientific, industrial and technaleag efforts that were
required to produce the first bomb exceeded anyipus similar effort
in history. It required a two-year crash programmet thiarought
together thdeading scientists of the world and it cost $2biili
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The bomb was dropped by the Americans on two Jaeaciées of

Hiroshima and Nagasaki ih945. A total 0f152,000 people were
killed within a few minutes of dropping the bombheTl scientists who
participated in the Second World War were notragteentific pursuits,

that is they were not primarily motivated by a desio understand
phenomena in the natural or man-made worlds.

The period of uneasy peace, called the cold wat, fitllowed
the Second World War was characterised by suspicionngniormer
war-time

allies. Itwas also characterized by a furious and extremasyiyc
technological race that led to the developmenthaysuper powers of
the fusion or Hydrogen (H} bomb. This bomb is at least fifty
times morepowerful than the atomic bomb.

Later, these super powers felt there was the nemd f
sophisticatednethods of delivering nuclear weapons. This led t
another spectaculadevelopment that is the orbiting earth
satellite. The Russians were tp®neers and many nations then
joined the mad race for supremacy of ogeace. To illustrate this, in
1974 alone, there wefs00 earth satellitegrbiting the earth at the
same time. They were clearly used for scientifiestigation, but it
was obvious to the whole world that the technology also be used for
reconnaissance and rapid delivery of nuclear wesmince it takes
less than 90 minutes for a low-altitude satellt®tbit the earth.

3.3 The social responsibility of scientists and #éreciprocal
responsibility of society

One interesting thing to note is that having séenhavoc wrought by
the misuse of science and technology and othereats posed to
mankind by it, some scientists have begun to reesddthe issue in
respect of what can be done in order that man&imdliour planet may
survive. How can we, they ask, put science antnelogy to work
for the benefit of mankind? Thevents of the Second World
War awakened many scientists to ttasponsibility. Some of them
joined existing organisations or formed new ornmsthe purpose of
giving expression to this concern.

The physicists who had worked on the bomb and atkérnce projects
were among the most active. Einstein, a pacifiegretted the
disastercaused by his brainchild, the atomic bomb. Befasedeath

on 18th April, 1955, he urged scientists worldwide to realize tha
it was their duty tgrevent the annihilating weapons from being
used.
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Some of the groups that were formed include:

1. Scientists and Engineers for Social and Faliti Action
(SESPA). It was formed in 1969 by a group of USststs and
engineers who pledged not to participate in waeaech or
weapons production but to counsel their studentslwage their
colleagues to follow their example.

2. British Society for Social Responsibility ici&nce (BSSRS).
It was formed at about the same time as SESPA. This
organisation was signed to make scientists awarthefsocial
significance of science, and of their social resuaifity as
individuals, and to assist scientists in creatingrdormed public
that can exercise a choice in scientific matters.

Exercise 2.2

1. What kind of bomb was used in Second World War?
2. (&) Where was the bomb dropped during the war?

(b) Who dropped the bomb?
3. How many people were killed by the bomb?

4.0 CONCLUSION

This unit has revealed to us the adverse effectssaénce and
technology. It is because the scientists and ¢lcriologists do not
pay much attention tplanning, direction and guidance that these
adverse effectever population, nuclear proliferation, environmental
abuses, depletion of natural resources - maniféss. suggests that new
and improved ways of teachirand learning science must be devised.
Science education must be closkmked with social responsibility.

5.0 SUMMARY
The main points in this unit are:

e Technological development has improved every daspéc
man’s life agriculture, medicine, architecture, engineering,
transport angommunication.

e Some of the worst problems of humanity have eitheeen
brought about or aggravated by science and tecgyolo

e Some of these problems include:

(@) population increase,

(b)  pollution of air, land and water,
(c) poverty,

(d) threat to the pursuit of peace.

e Some scientists joined existing organizations comed new
ones inorder help both scientists, technologists and other
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laymen to be aware of the social responsibilitg@énce.

6.0 TUTOR-MARKED ASSIGNMENT

1. Technological development has resulted in ease in
population; Discuss.
2. Write short notes on

(a)  air pollution
(b)  water pollution
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1.0 INTRODUCTION

In the previous unit- unit 2, we discussed the social
implications echnological development. There we were made to
understand that some d@he worst problems of humanity have
either been brought aboutaygravated by science and technology.

This is in spite of the many ways they have endchen’s lives. Thus,
theseproblems and others will require more and wisese wf the
scientific andtechnological ways of thinking to solve. And it asir
belief that science and technology will continueirtgprove the lot of
mankind if they are guided kpyroperly motivated men. This is the
reason why philosophy of science viery important. It will
enable science to be man-centred in terroducing products
that would really be useful to man without sideset6. Thus in this
unit, we shall be discussing the nature  anccopes
philosophy of science.

After studying the unit, you are expected to hachieved the
objectives listed below.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain vividly the meaning of philosophy of scienc

o outline the common characteristics of philosophg acience
o recognise the scope of the philosophy of science

o explain the nature of scientific method.
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3.1 Meaning of philosophy of science

It may interest you to know that philosophy of science is a
branchphilosophy. As we said in module 1, unit 5, philplsy initially
embraced althe various disciplines. In other words, knowledge
about the worldgeneneral was called philosophy. But with
specialisation of knowledgearious disciplines such as the sciences
were separated from philosophy. To get back to wietvere saying,
philosophy of science is the systematic study thfe nature of
science especially its methods, its concepts angresuppositions. It
attempts to answer such questions as:

What is science?

What is the nature of scientific knowledge?

How does it differ from other forms of knowlexfty

How do we arrive at a scientific truth?

What are the aims and objectives of sciengeth8t, it is meant
what is the goal, end or purpose of science?

A

If you have read the previous modules very welly will see that we
havetried to answer these questions in module Herd we
discussed definitions, ranches and aims of seieli¢e tried to
show the differences between science and non<eEidisciplines.
We have also examined the historical developmerdgcance in a
general outline.

In thisunit, we shall examine the nature of sceeimca philosophical
manner.

Scientists work on the assumptions of some facid @am general
principles.

For example, one fundamental notion in sciencénésitlea of law of
nature.

And the idea of law- governed universe assumes that the
universeusniform. So the assumption of the uniformity afture
poses a problerwhich philosophy tries to explore. According to som
philosophers, the laws of nature are not the samikd planets, yet the
scientists use the same law of gravitation for theecause of the
scientific faith in the uniformity ohature. Philosophy questions the
empirical generalizations, which thescientists feel are
unquestionable.

Before we go on, let’s discuss the common charatites of philosophy
and science.
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3.2 Common characteristics of philosophy and sciee

It is important for you to know that though philggy and its offshoots

- the small sciences, are not identical yet they elarlot in
common in theirsystematic pursuit of knowledge. Their common
characteristics include:

1. They are both critical, skeptical and nordogmatic in
character omttitude. In module 1, unit 2, we explained what a
critical attitude means.

2. They both show the curiosity to know and tharage to explore
every question within no-go areas and heresy.

3. They both search for knowledge which is raiprsystematic,
universal,
objective, certain and verifiable (that is provabler
demonstrable). The

demands for evidence or grounds of belief are alsoy
important. Logic is central to both philosophy asulence. The
principles of valid or true reasoning are importdat both
philosophy and scientific inquiry.

4. They both lay emphasis on method. The dedeiatnethod is
important
for philosophy while both the deductive amdluctive
methods aremportant for the sciences. We shall discuss about

this in a later section.
Analytic method is also very important in philosgph
5. They both search for general laws or prinapbnd

theories forexplaining the nature, character and functioning of
the universe or any of its parts.

6. Whereas philosophy focuses on the general iptex and
fundamental assumptions of the sciences such adatheof
uniformity of nature, the sciences focuses on lbth general
laws and particular laws such as the law of inaade.

7. Philosophy is very reflective in that it medés or reflects on
the nature, methods and concepts of the scieftes.is why
we have philosophy of science.

Exercise 3.0
1. Define philosophy of science.
2. List 3 characteristics common to both phildgpopnd science.

3.3 Scope of philosophy of science

From what we have discussed so far, philosophy@t&nce embraces
the following:
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1. Definition of science
Here, such questions as the nature, branches amimgeof science are
explored.

We discussed this in module 1, unit 1.

2. The aims, end or purpose of science

That means that philosophy tries to understandhbjectives of
engaging in scientific activities, this was dissed in module 1, unit
1. It also inquires into the utility or uses of esace. Scientific
knowledge as waow know leads the world to attaining progress
and better conditionsl'herefore modern science has contributed to
improving the lots of man with regards to food/plgsroduction,
housing, health, clothing, communication, etc. Bcgée has also
influenced other disciplines of man’s engagemehis s with regards

to the skill or art of doing things. And we now dum that the
skill or art of producing and application etience starts with
the art ofcorrect observation and experience.

3. The methods of science

Philosophers examine the experimental method. piaetice of a
scientists as we saw in module 1, unit 2 is dartbe following steps.
The scientist works with some data to solve a paldr problem. He
formulates various©wypotheses which if true would solve that
particular problem. Heexperiments to discriminate among the
competing hypotheses. The performed experimentctseland
adopts the hypothesis that verifies pheblem.

4. The above practice for the philosophy of sagefited up with
problems because it is just like the activity efery person.
For instance, a female cook can adopt this proeeda
establish that she is an excellent hoso®nomic woman.
The philosopher tries to find out how etrthe result
obtained through this method is.

To the philosopher, scientific opinions, beliefctaand results are not
the only criteria of knowledge. Some scientific ibi often conflict
with eachother, therefore they are sometimes unstadten
with the experimentadata, while a sound philosophical knowledge
is always permanent. With thestablished results of empirical
sciences, it is difficult for the scientist dlbange his opinions. For
instance, the early scientists viewed the worldeing flat. Later when

it was proposed that the earth was spherical, ak tilhe scientists
some time to change their view. Philosophy ageflective
discipline sometimes rethinks it own views.
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A hasty implementation of some scientific discogsrlike the atomic
bomb explosion in Hiroshima and Nagasaki in tleedhd World
War (1939 -1945) does not improve human life.oirsd philosophy
must encourage thexamination of scientific inventions. This
iIs  why philosophy of scienamiticizes scientific opinions and
practice. (or method). When the scientific metisgroperly analyzed
by philosophy, it describes or presents an idgalasbon which every
scientific activity or practice tries to satisfyou will learn more of
this in the next point to be explained.

5. Analysis of scientific concepts and theories.y@u know what a
concept is? It is an ‘idea of a class of objects’ a ‘general
notion’. Many concepts are encountered in scief8mne of
them are listed below:

a. There are general concepts which appsctence in
general such ascience, facts, theory, law, motion etc.

b. There are concepts which apply to scientifichods in
general such as

observation, experiment, hypothesis, theory, induagt
deduction, etc.

C. There are those concepts that are basic tousalranches
of science such as time, atom, electron, protantl{e
physical sciences) and gene, cell, etc ( in théogioal
sciences).

You may not be aware of it that philosophy triesaalyse these
concepts.

One of the chief tasks of philosophy is the analysi the
language oscience or semeiotic.

Semeiotic is also called the theory of signs ardsignification of terms
or semantics.

Semantics means the science of the meaning of wBeaieantics
as adepartment of semiotics is the study of the refabbsigns to the
objects to which the signs refer to or designateace applicable. For
instance, if one uses the word ‘cell’, philosoghetry to study the
relationship of that word ‘cell’ to the objectwdich it refers.

Philosophers also analyse theories. Apart from ysigd the
relationship of this word theory to what it refdéos philosophers
also present someonstraints or limitations, which are used in
establishing the quality andature of theories for good scientific
practice. These limitations are tleteria for determining the
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practicability of a hypothesis. One of thesgeria is falsifiability.
This principle was introduced by Karl Popper.sitnmeant to take care
of those statements which cannot be verified namdwhich may
be verified in future. Such statements have ¢oabcepted in
principle until experience or test falsifies overifies them. For
example, a theory about the origin of the univenss not be verifiable
in the meantime but it can be falsified. The faddaflity principle
advocates that a theory be treated as a possiblgtific one if there are
reasonable grounds to believe it until it has bs&eswn to be false.

Let's take a break.

Exercise 3.1

1. Mention 4 aspects of science which philosogiuylies.

2. List 4 concepts in science.

3. What is semantics?

4. (@)  The falsifiability principle was introdutdy ——M—

(b)  What is the principle all about?

Let us go on with the discussion on the criteriadetermining how
practicable a hypothesis is. The next criterion sgnificance.
Significance is what something means. We haveearatliscussed this
in connection with analysis of concepts. The finaterion is called
paradigm conservation. It is a device against irofpcal proposal. It
suggests that insistence on the past model orytheqreferable when
a new model conflicts with the past one. It is usspecially if a
reliable datum has been previously establishedyippthesis and laws.
Thus conflicting explanations of data can be offeon the basis of
paradigm conservation.

Please remember we are still discussing the scbpailmsophy
of science. The last but not the least is:

6. The nature and character of scientific knogtednd its relation
to other branches of knowledge.

If you would recall from module 1, unit 1, we dissed the
characteristics of the scientific knowledge anddle differences
between science and non-science. But we can stilhgarize the
characteristics here. A genuine scientific knowked@dgcording to
philosophy is characterised by:

(@) Systematicness: The propositions of any sifieknowledge
must be logically related. They must exhibit a ddoe
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character

such that no proposition which is true could relatgcally to a
false one. Scientific knowledge must be pursued gystematic
manner. The steps leading to results or losians must
be repeatable or be capable of being repeated. mhlges it
possible for a true scientific statement, propositor theory to
guarantee certainty.

(b)  Universality: Every true scientific statememust show a
universal character. This means that it must be tnuall cases
under the same conditions. If an exception occure
proposition must be so qualified and the limittsapplicability
must be indicated.

(c) Objectivity: This refers to the absence ofspmal bias to
recognise that there is a fixed external realityichhrefuses to
quit whether we accept it, know it or not. Thus a
scientific proposition or statement must be true irrespeative
the interest of the scientist. It must be factual aon subjective.

All experts in the area must be able to confirntotigh logical or
experimental demonstration, the truth of the statgm

3.4 Nature of the scientific method

Do you still remember what is meant by the stifie method? You
will recall that it was the topic of discussionnrodule 1, unit 2. In that
unit we discussed the steps of the scientific metihn this section, we
shall discuss the philosophy behind the method.

A brief introduction will help you understand thapic. Philosophy has
many branches and they include, metaphysics, epidtgy, logic,
ethics and aesthetics. But only epistemology and logic are
relevant to theliscussion on the philosophy of science.

Epistemology and logic are branches of methaogipldethodology
is one of the divisions of philosophy. Methodology deaith
ways attaining knowledge, that is the process of iettlial inquiry,
research and reasoning. In philosophy, epistemoisdlie branch that
deals with how we discover true knowledge from eedti process of
investigation while logic enables us to arrive atvnknowledge from
existing knowledge.

This then means that the process of discovering kreswledge is not
the same as the process of inferring or deducirmviedge
from implications of what we already know. Thus the eliénces
between the two are as follows:
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1. While logic is concerned with validity or ‘sodmess’,
epistemology is concerned with the truth of oureassns or
propositions. 2. Epistemology is important in theogess of
discovery and research while logic is important ftire
systematization of knowledge and also in deducingw n
knowledge from what we have already discovered.

These two aspects of methodology can be found nvithe scientific
method and they are essential for all branchesnoWkedge. Weshall
discuss logic then show where it can be found withescientific
method.

3.4.1 Logic

Logic as you may already know is concerned with a&om
reasoning othought. It studies the structure of human thowghtvell
as the principles or laws of valid reasoning. Iltcancerned with the
validity or soundness of the inferences and comnmhss which we make
in our arguments. To reasonts infer, to judge or to argue. To
infer or argue is to move from certgremises to other premises
or conclusions. That which is inferred froamother premise(s) is
the conclusion. In an argument or reasoning we niova knowledge
to new knowledge or from a supposition (premise) tioat
which validly follow from it.

Before we proceed any further, we need to explanam terms. These
arepremise and conclusion.

When we have a sequence (a number) of statemeraddiiion to a
claim,then we have an argument. Sequence itself is mpde
two or morestatements while the claiming is one of the statéme
called the conclusion. Other statements in anraequi are called
premises. The following is an example of an argumen

All dogs are mammals.

All mammals are animals.

Therefore, all dogs are animals.

The first two statements are called premises whidelast statement is
the conclusion.

Thus conclusions are always derived from premises.
Exercise 3.2

1. Genuine scientific knowledge is characterisgda)
(b) and (c)
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2. Methodology is a sub-division of (a)

Its two aspects are (a) and (b)
3. The following is an example of an argumenteniify the
premise(s) and conclusion
. All men are mortal.
. Peter is a man.
. Therefore Peter is mortal.

We are still discussing logic and now, we shallki@ the two types
of logic, which are relevant to the scientific method. The tw
typesdeductive logic and inductive logic

1. Deductive logic (or method of reasoning)

Here we move from a set of premises, which we asstonbe true to a
conclusion. If we reason correctly according te thles of deductive
logic, then the conclusion will be valid. And ifetlpremises are true,
then the conclusion will be necessarily true.

For example, the following argument is a deductive:
X All men are mortal.

John is man.

Therefore, John is mortal.

\/
S

X/
0‘0

3

4

The conclusion ‘John is mortal’ is a deductiveWwtedge. Its truth is
derived from logical implications that it followshich happen to be
true atthe same time. Therefore in deductive method,mee
from a generaprinciple or law to particular instances, which
fall under such a dictive reasoning is applied mainly in formal
logic, mathematics anghilosophy. But science also applies the
method especially with regard to theorganisation and
systematisation of knowledge, as well as in makinfgrences
from what we already know. Deductive method isoatalled
platonic method. It gives knowledge that is certain

2. Inductive logic (or method of reasoning)

This is the type of reasoning in which we go froome& particular
statements to a general conclusion. It is useempirical (scientific)
generalisations. For example:

" Many Africans are black.
= Therefore all Africans are black.

The inductive method is also called the Baconianthioak

becausd-rancis Bacon founded it. The inductive methodemethod
of discovery which emphasizes observation, experimentation,
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verification and theoryconstruction. The problem with induction is
that it is possible for a member of the class to tout to be different
from what we have generalised for all the membérstlee class. For
instance, some Africans are white (such as in Saiftlca). Therefore
induction gives us probable knowledge.

Probability shows the degree of reliance to whighaan place on the
inductive generalization. To say that an eventrabgble is to say that it
is likely to occur. When the scientists talk of pability they must
indicate the degree of probability of the occureeraf the event in
question.

In summary, therefore, the scientific method has phases, which are:

1. The method of discovery which is inductivet-emphasises
observation, experimentation, verification and tiyeo
construction.

2. The method of organization of scientific knedde, which is
deductive and systematic.

Thus logical reasoning runs through the scientifethod. It is the main
tool in

1. Formulating hypotheses;

2. Judging the correctness of ideas juced up by
imagination andhtuition;

Planning experiments and deciding what obsemvato make;
Assessing evidence and interpreting new facts

Making generalization and

Finding extensions and applications of a discy.

o0k w

You will recall that we discussed all this in moald! unit 2
Exercise 3.3

1. (a) Mention the two types of logic and (b)idefthem.
2. Give examples of each.

4.0 CONCLUSION

In this unit, we discussed the meaning of the @ojdhy of science,
the common characteristics of philosophy of scienamps of the
philosophy of science and the nature of the sdiemiethod. From all
this you would havéearnt that philosophy of science is a sort of
a guard that guides scientdaough the way it chooses to gain
knowledge of nature.
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5.0 SUMMARY

The main points in this unit are:

. Philosophy of science is the systematic study efrhture of
science
especially its methods, its concepts and its prgssifons.

o Common characteristics of philosophy of sciencduite the
fact that it

is critical in nature, it show curiosity, it laysmehasis on
methods etc.

o Definition of science, aims, end or purpose otiesce,
analysis  ofscientific concepts and theories and finally the
nature and character of
scientific knowledge and its relation to other afiches of
knowledge
were treated under philosophy of science.

° A genuine scientific knowledge is characterised by
systematicness,

o universality and objectivity among others.

o The scientific method makes use of both inductivel a

deductivemethods of reasoning.

6.0 TUTOR-MARKED ASSIGNMENT

=

Outline 5 characteristics common to philosophyg science.
2. Write short notes on

a. Falsifiability principle

b. Paradigm conservation

C. Inductive reasoning
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1.0 INTRODUCTION

In the last unit, unit 3, we discussed the natme scope of philosophy
of science. In unit 2, we discussed the social inaplbms of
technologicaldevelopment. From that discussion, we found out tha
some of the inventions of man are harmful to hind a0 his
environment. This fact gave rise to the need toidguand direct
scientists in their activities. Thus, in unit \Be discovered that
philosophy tries to provide that guidarered direction needed by
scientists. It does this through the systematicdystof scientific
methods, concepts and resuppositions. It idestifidtmere there
may be pitfalls and enables science to sidetrack thodéalisi
Philosophy does all this for the good of man arat th why science is
said to be homocentric or man-centered.

In this unit, we are going to discuss the origimmwdn. We said that
philosophy and science are working for the goodnaikind. The
nextquestion to ask is, ‘How did this man originate’@iddid he come
into this world? These are the kinds of questiois tmit will try to
answer.

After studying this unit, it is expected that yoowid have achieved the
objectives listed below.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

discuss the various views on the origin of man
describe how hominids originated

write short notes on the factors of human evolution
discuss briefly the diversification of recent hursan

3.1 Various views on the origin of man

You may be aware that there are two main views @abwi origin of
man.

They are the religious view and the scientific vieMhese two
will be discussed one after the other.

3.1.1 The religious view

The religious view is upheld by the creationistsanyl according to
them, is created by God and in God’s image. Thaswis also upheld by
the African traditionalists.

God is variously called Allah, Chukwu, Olodumaret¢c. The most
popular accounts of the origin of man are foundha doctrines of
various religions. For instance, the Christian aotoof man’s origin
can be found in chapters 1 and 2 of the Book of&Sisnin the Holy
Bible.

We shall now discuss the scientific view.
3.1.2 The scientific view

It may interest you to know that this view is helgdthe evolutionists
- people who believe in the theory of evolntioYou may
recall that waliscussed this theory in module 1, unit 3.

The theory of evolution developed from the perspeadf science states
that man, like all other living things (animals apldnts) have evolved
from simpler forms of life by a process of sloand gradual change
(evolution).

Scientists in the field of paleontology, comga@a anatomy,
embryology, natural history, etc have provided ewice for this
evolutionary account ofhe origin of man and other creatures
from the study of fossils. Ancieahimals’ remains and skeletons
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and various plant forms spread over laageas, over a long period
of time have provided evidence to support the vikat all forms of
life have a common origin and that each form dé has developed at
certain periods in the evolution of the entiretylifef forms.

Charles Darwin, as we read in module 1, unitg8ye explicit
formulation of the theory of evolution. Accordirtg the theory, all
living things (animals and plants) have evolved from simpler
forms through agradual process of change. Every living thing
struggles to exist. To exist, both food and favbleaenvironment are
essential. Only living things witthose characteristics that enable
them to feed on available food asalrvive the effects of the
environment can continue its line of developmentewolution to a
higher form.

In the struggle for existence, no two living thin@sy. animals) are
exactly alike. As a result, we find that some arddresuited

to ervironment than others. If the adaptable variatiotrajts or

characteristics are inherited, then evolution wilbceed through their
natural selection and the fittest will survive. Tha to say, evolution
involves struggle for survival and in that strugglaly the fittest

survives.

In the struggle for survival, man is aided by hrgherent capacity
for physics - psychological change, through various forms of
physical, intellectual and spiritual nourishment darthe
transformations of hisnvironment.

Darwin’s wealth of information also made him putvi@ard evidence
that man and higher primates originated from Africaefde
then, formerevolutionists believed that man originated fronmtcal
Asia. At about 85 years after Darwin’s proposalsilosvidence was
found to show that he was right, and that it waghie continent of
Africa that the basic stock whidventually gave rise to apes as
well as man as we have knowneeged.

According to evolution, man evolved from apes, d¢stinsg of
the monkeys, gibbons, gorillas and chimpanzee. Amomgapes, the
pre-human that had tools were the Australopitheatrecanus and
Arubustus discovered by Raymond Dart near Kimbénl South
Africa. The main ancestors ahan are the Homo habilis which had
small hairs with small supra orbitaidge developed neck and
forehead but with jaws. Language amidimentary culture started
with them and they also introduced the use of tools
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From the Homo habilis evolved the Homo erectus adisced first in
Java in 1893 and later in Perking in 1970. Its kne@s more
developed and this made its head not to look hagndinhad a more
elongated forehead, a modeveloped nose than that the
Homo habilis and it fashionedl/anced tools and also controlled
fire.

From the Homo erectus evolved the Homo sapiens rt\eéhal),
which looked very much like the modern man. Theraugbital ridge
and jawbone is much smaller than others butdyigipan that of man.
From the Homasapiens evolved the Homo sapiens sapien (modern
man), The brain and other organs were more developed because of
more extensive usage. Details of these groups kel discussed
subsequently, but first let’s take a break.

Exercise 4.1

1. People that uphold the religious vieww the origin of
man and thecientific view are called (@)  --------—----

and b)---------------- respectively.
2. The pre-humans that had tools were the (a}—------------
and (b) --------------- and were discovered by {¢}---------------
3. Homo erectus was discovered first in (a}——--------- in
1893 and later in (b) ------------ in 1970.

3.2 Origin of hominids

You may not be aware of what hominids are. Hominids
constitute theoological family to which human beings belongeTh
family has only a single surviving specie Homo sapi The first
hominids emerged 5 million to 10 million years agdat was during
the Miocene period. Fossils dfuman-like forms discovered in
Africa were about 4 million years ol¥arieties of hominids were
found but many had three features in common namely:

1. Pedalism - ability to stand on two legs
2. Omnivorous feeding behaviour
3. Brain expansion and elaboration.

These hominids possessed the ability to be flexab had a wide range
of demands.

For instance, the first hominids that appearedewatsle to use the

hands,survive on more than one type of food and hadnisrathat
enabled them learn how to adapt to the changingamment.
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The earliest known hominids were members of theugen
Australopithecus (meaning southern ape) and they survived for 3
million years. At least four distinct species were distisgable:
Australopithecusfarensis, A. africanus, A. boisei and A. robustus.

These early humans were found only in Eastern@mdahern Africa.
Each of these is briefly described below.

Fig. %2 Reranrttuetion of an wdult feimale Avsldapitbonus, 1 numnber of the penine that gave raa to pur own, Harn
Hovroe: Raven & Jofreon {2558

Australopithecus aferensis

This genus was found in 1978 at Hader in Ethidyyialohanson,
Yves Coppers and co. They were regarded by paleonstogis the
stem stock leading to later Australopithecus amanbl sapiens. Their
fossils exhibited a mixture of human and ape dattarsstics.

The skulls were ape-like -- small with langejecting
faces.

common features included the teeth and the jawskle&ton, arms and
legs.

A . aferensis individuals stood only 1 - 4 m tall and must have weighed
only 18 - 23kg.

They were probably tree dwellers. The brain sizd aarface-
folding pattern were each a little larger than that of a
chimpanzee; hence theitelligence was a little higher.

There is no evidence to show that this group maase of tools
(stones or bone) nor was there any to show grouagirigior butchering
of prey.
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Australopithecus africanus

This was discovered in 1924 in South Africa by Rayh Dart. This
fossil shared many anatomical features with those offéreasis. A.
africanusindividuals were relatively small bipedal humanghw
protruding face, alightly larger brain than that of A. aferensis.eTh
body differed a little from that of the earliestrhimids. Analysis of the
hand and foot structure showed that these homspdsit time on trees
probably while sleeping or feeding or perhaps fafety. The teeth
looked more like those of human than ape in thezes and shapes.
The cheek teeth (molars and premolars) were @iatgfinding and
crushing and were set on heavily built jaws. Thesee probably for
processing coarse abrasive food such as tubers.

Australopithecus boisei and Australopithecus robustus. These
last two

appeared in East Africa abo2i6-3 millionyears ago. Fossils
of pecimens showed large flat teeth and jaws. Theb kkeleton
was likethose of the early Australopithecus but their isaand bodies
were slightly bigger. There is evidence to showt thaform of A.
robustus had stone tools and fingers and thumbsedhem.

Fig 3.3 Comparison of size and stature of austrddspwith modern
humansSource: Sarr & Taggart (1992).

Succeeding these groups of hominids is a new typkeaminid whose
first member is the genus Homo to which man bedoidnere are four
species in this genus namely: Homo habilis, Hctge H. sapiens
(archaic) and Hsapiens (modern).

1. Homo habilis (meaning handy man)

These are the earliest humans. Homo habilis suyeii
resembles itsforebear- Australopithecus but was different in
several aspects. Fanstance, the brain is more than half of
humans’ unlike that oAustralopithecus that was about one-third
that of humans’. The increase in brain size ofhibilis implies that
they have higher intelligence than the Australmgmus. There is
controversy amongst anthropologists as to theargin of H. habilis.
Some claim that they originated from A. ednus.However,
this is yet to be resolved.

The trunk and limbs of H. habilis were fully adegtfor upright
bipedal locomotion, but the hands showed featurédsiman hands like
thumbs and finger tip bones. This suggested immrovanipulative
skills, yet the bones of its digits were heavy awinewhat curved
permitting powerful graspin@s seen in chimpanzee and gorillas.
These characteristics were taken résearchers to mean that H.
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habilis lived on the ground during the day, butreel to the trees at
night to sleep.

H. habilis exhibited two characteristics of human activities: tool
making and butchering of large animals. They may havehrred
both large and small games, as cut marks on tmedothat were
excavated long time ago indicated. The use of taold animal
carcasses may have started the shift in animaltiadapatterns that
were to dominate subsequent human evolution.

| hope you are not finding all this difficult tonderstand. But if you do,
don’t worry.
Your tutor will further explain it to you.

Exercise 4.2

1. Hominids differ from all other mammals becatiseir normal
posturewhile walking is erect. True or False?

2. The two critical steps in the evolution of hanmbeings

were theevolution of bipedalism and the enlargement of the
brain. True or false?

3. The first Hominids appeared about 5 millio@ays ago in
Africa. They belong to the genus -------------—--

Let's continue with our discussion. We were dising about
the four species in the genus Homo. We have talked aboutmddo
habilis. The next one we shall discuss is Homotagsec

2. Homo eretus

This appeared in the fossil record around 1.5 armillyears ago. They
also had the capacity to make tools and there evadence to show
that they were more skillfulhan the H. habilis. They were much
larger than the Australopithecus. édectus underwent evolutionary
change during their tenure. The face and teeth decreased in size and
massiveness and the brain increased in size. [@hger brain
correlated with the wide travel of H. erectus atsb withrefined
tool making. Among the tools were carefully fasl@drhand axes and
scrapers. These tools were used for food prepatatioluding clearing
of bush and cutting of meat, scrapping hides, aiggnd cutting wood.
The first evidence of the use of fire by humanguned at the
campsite of this species in the Rift Valley of kanat about 1.4
million years ago. The species were replaced byoour species Homo
sapiens in Africa 500,000 years ago and in Asiaual250,000 years
ago.
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3. Modermn human beings (Homo sapiens)

There are two groups of the species:

(@) An early group known as achaic Homo sapienssisting of
the wellknown Neandertals (Neanderthals) among others.

(b) A later group - Homo sapiens which were pbaty
indistinguishabldrom modern humans.

Neanderthals: The Neanderthals lived in Europe and Western Asia
from 70,000 to about 32,000 years ago. When compardd madern
people, theywere powerfully built, short and stocky. Their B&u
were massive witlprotruding faces, projecting noses and rather
heavy bony ridges over tharows. They had larger brain than
modern human beings probably as a result of thassime bodies. The
distinctive physical features of the Neanderthatgdme apparent in
Europe about 200,000 years ago. Similar populatiohH. sapiens
were also widespread in Africa at that time.

The tool making ability of the Neanderthals wastguhigh. Tools like
scrappers, borers, spear points and hand axesmate. They lived in
hut-like structures or in caves; took care of ithejured or sick and
buried their dead. They often placed food and weapand perhaps
flowers beside the dead bodies thus indicating tls¢rong belief in
life after death. They also made simple body ornameBoth the burial
of the dead and the making ajrnaments indicated growing
consciousness, socialization and espmituality. These acts went
further to indicate thought processes that aezastieristics of modern
H. sapiens - Cro-Magnons.

4. Cro-Magnons (modern Homo sapiens)

These were a more modern set of people that repldoe
Neanderthals about 34,000 years ago. This replacemas
sudden and took place all over Europe.

Some evidence pointed to the fact that the Cro-Magncame from
Africa where fossils of essentially modern aspeavere found in
southern Africa and Ethiopia.

The Cro-Magnons made and used sophisticated tAolgide variety
of tools were made from bones, ivory, and antlematerials that had
not beerused earlier.

They were hunters who killed game with compleidence
from their social organization showed that theygimihave been the
first to have had full modern language capabilitidhey showed
creative abilities and made ritual paintings ineavl he period then was
cooler than the present and thus favoured the growth of
grasslands, tundra ancbniferous forests that inhibited larger

176



GST 105 MODULE 3

herds of grazing animals acrdsgrope.

Human beings of modern appearance later spreadsa&iberia to the
New World, which they reached at least 12,0003@®Q0 years ago.
The period was warmer and as people spread througtheut
world, a largenumber of animals and plants became extinct due to
hunting activities - aprocess that has been accelerated only
recently. By the end of theleistocene Epoch, about 10,000 years
ago, there were only about 10 million people in ¢néire world. When
this is compared with the world populaticdtoday, one would
understand more clearly the reason for thereasediuman
pressure on world ecosystem.

Let’s take another break.

Exercise 4.3

1. The first evidence of the use of fire by husiaccurred at the
campsite of (a) -------- species in the Rift Valley Kenya at
about (b) ---------- years ago.

2. Which species started indicating a strongebelin life after
death? -------

3. Which species were the first to fully have mod language
capabilities? --------------

That was a nice break. Our next discussion willobethe factors of
human evolution.

3.3 Factors of human evolution

There are speculations that man arose from theaogithecine-
like ancestors.

The origin of the human stock from progressive g@itfeecene apes
probably occurred in late tertiary times, for mas essentially a
pleistocene animal. Man evolved during the pleiste period and
was differentiated from his primate relatives thgbuperfection of
details.

The evolutionary development of man from an ape-lkimate
wasmarked by four important factors, namely:

1. The growth and elaboration of the brain;

2. The perfection of erect posture;

3. A slowing down of postnatal development; and
4. The growth in human population.

These four factors of human evolution will be cdesed.
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1. The growth and elaboration of the brain

Man has been a thinking animal in the course af évolution.
Structurally and physically, man is inferior to nyaof the larger
animals that share his environment but has disitsgal himself from
them because of his superior intelligence. Man helsieved great
success in adjusting himself to changes in tharemwment and in
overcoming his enemies as a result of this supantetligence. This is
attributed to the size of the brain in relationdther primates. For
instance, the largest of modern apes, the gorillas a brain
case with a capacity of abot00 to 600 cubic centimeters. In the
most primitive man, of Pleistocene age, the craceglacity was about
900 cubic centimeters whereas in late Pleistocene and recent
man, the figure hasanged from a minimum of about 1,200 to a
maximum of over 2000 cubic centimeters. The sizehef brain is a
rough index to mental development. Thus as thenbyets larger over
time, the intelligence of man increased. As evohgiry trend
progresses, the Dbraincase gets increasingly largehen
compared with other parts of the skull. It was atsded
that cevelopment of the human brain manifested in growththe
frontal region. Thus the cranium has bulged in from give men of
Pleistocene and recetimes a high, broad forehead. Consequently,
the face has becomancreasingly vertical and the jaws
proportionately short and small. Thdsatures led to changes in the
shape of the bones containing the teeth from a ldrghaped arch in
the ancestral type to a short parabolic curwhéimore modern man.

Fig 3.4 Reconstruction of the skull of Homo ewsct and
Homo sapiershowing comparative features
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Apart from the physical changes brought abouh&skull and jaws
as aresult of the increase in the size of the rigrather less
tangible changesccurred as a result of the growing intelligence of
man. For instance, growinh the intellect has resulted in the ability
to communicate ideas by facgéstures and especially by speech.
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It also made man to become a tawking animal at an early stage
in his history. The manufacture and use of todds kpeech has helped
man to progress beyond the status of a rferest-living animal that
competed with other animals in making a livifiggm the
environment.

2. The development of the upright posture

Man has, by this development, distinguished him&elin most
otherprimates which are either tree or ground livingnaals that walk
and run on all fours as baboons and gorillas dothiByyupright posture,
the hands have been freed from being used for lodom and have
been made available for handling things, for deéerand for
manufacturing tools. The ability to pick up thingsd examine them
has made all higher primates especially marbéo curious. This
curiosity leads to experimentation through whietoreknowledge
IS acquired.

Do you know that the upright posture of man désbto changes in
the shape of the spinal column? In the ancestonmarf eg. ape, the
backbonebetween the skull and the pelvis formed a samqirve,
so that the bodieaned forward from the hips, and the head wa
thrust forward from thehoulders. In man, the vertebrae are aligned
in a complex, S-shaped flexure that throws the baaly the neck into
an upright position, with the head balanced on dbghe neck. This
posture is possible because the forelimbs are ffemd locomotive
function and the entire body from head to heelsaligned along a
vertical axis in line with the force of gravityuRhermore, the upright
posture and the development of bipedal locomotied to the
development of long legs for fast running on theugd and arms that
are shorter than those of other higher primataswialk on four legs.

i - B (1T T

Figii Comparism betwesn the shelaton of s ape and Uies ol e hunan being, shewing details of the palvis sod
ather bspaclunl Alreiasea
Souree: Roever eid Adnsan [ T8E6H
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Exercise 4.4

1. The evolutionary development of man from ae &ke

primate ismarked by four important factors. These are(a)

(b)-------- -=--=-m--- , (€) =---mm-mmmem e and (d}--------------
2. As the evolutionary trend progresses, the-------------
getsincreasingly larger when compared with other parts
of the skull.
3. In man, (@) --------------- and (b) ---------- led to the

development of long legs for fast running on theumd and
arms that are shorter than those of other highiengbes that
walk on four legs.

We have taken a good break and we shall contintie tve factors of
human evolution.

The next factor to be considered is the slowing down
postnatabevelopment.

3. The slowing down of postnatal development

The increase in the process of growing up is amotli@ctor in the
evolution of man. A gorilla matures at age 10 wheré takes a man
twice that age to reach his full stature and pow&he long period of
maturity implies that young human beings spentyér time under
the care of their parents than other primatess Th turn leads to
perfection of family life. As man gromsp within this period, his
intelligence increases and his abilidy moaking also develops. All
this puts man in a better stead than other animals.

4. The growth of human population

of

Within the last few thousand years, man has inegas

tremendouslyopulation wise.

The progression from family to clan to tribe toioatand continents
was in quick succession as the years rolled bys Ti@nd of human
evolution has depended on the social behaviouranf first developed
within the family group. It has been made posstifeman’s capacity
for co-operation and by his realisation of the res@tg for restraint in
his behaviour. Knowledge of the growth in human yapon is
important for modern world as well as world of théure. Man’s
social relationship together with other intangipleysical aspects of
evolution has made him unique among the otrenates, has
made him a being with a culture.
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3.4  Arecap of the evolution of man

The nature of man makes the study of its evolutiontroversial. A
number of studies have been carried out on théuggn of man but
there is still a lot to learn. Because most ogsthstudies had to be
carried out on fossils and fossils are not comngpaat care had been
taken to examine the fossil man. Although there anperfections and
disagreements among different authorities that e@ré&n that field of
knowledge, the general outline of the evolutionnmdn is fairly well
defined.

Man, as stated earlier, arose from australopitleeltke ancestors. The
first true man, the pithecanthropids evolved bylyeao middle
Pleistocene period. These men were known from lfogsund in Java

and in China neaPeking. The Javanese fossils were designated as
Sinanthropus. Becausigese early men were essentially the same, they
were placed within a single genus Homo and belorigetthe species
erectus (Homo erectus).

The early men were definitely more primitive thaodarn men. Their
cranial capacity was smaller (900 to 1000 cubidioesters as opposed
to an average of 1,500 for the modern man). Oth#erentiating
features include low cranium, heavy eyebrows, gfrand large jaws
that projected farther forward than the jaws ofodern man and a
receding chin. The teeth were like those of humaumsheavier with
the canine longer than the other te@these early men through their
skeletal evidence were ground-living ardct-walking primates.

The pithecanthropoids were probably forest men tiaaeled in small
family groups and sought shelter in caves. Theywkhew to use fire
andutilise simple tools and weapons of stone anddvdhey
had a lot ofdvantages over other animals around them and had m
great strides along the path leading to modern mdihe
pithecanthropoids were not knownkurope but some fossil fragments
were seen in the region during the finatf of the Pleistocene period.

In the late Pleistocene times, the Neanderthal appeared. A
considerable number of their skulls and gkele were found in
Europe,Asia and Africa as earlier stated.

They were of the Stone Agehe period in the development of
humanculture. One of the last of the Old Stone Age meas \ro-
Magnon man of Europe. He was a modern man belortgitige species
Homo sapiens. The essential features of thisciepehave previously
been discussed. The Cro-Magnon man has displaced fiaally
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exterminated the Neanderthal man in the old world.

At the close of the Pleistocene period and dutirey sub-recent times,
various men spread over most of the earth’s sarfahey spread to
North and South America from Asia, others spreanfrAsia to East

Indies and Pacific Islands. As men became proficieith tools, they

learnt to make clothes and dwelling places. Theseveble to spread out
to other places and learned to live comfortablynemePolar Regions.

Man is a very restless being and the perfectiorrapid and easy
methodsof transportation and communication has made hiane
more restlessConsequently the races of men have been
mixing with each othethou sands of years and this is further
accelerated in modern times. Thakhough the racial stock remains
distinct, the integration among the different raceseases as the years
progress.

Exercise 4.5
1. A gorilla matures at the age of -------------
2. The cranial capacity of early men were (2)——----- to-

---------- as opposed to an average ofc)  ---------- for
the moderman.

3.5 Diversification of recent humans

The earliest humans of modern appearance, the Ggnbhs, unlike
their predecessors have developed greater ability totattap
variousenvironmental conditions.

Anatomically, they differed from the Neanderthalchese they have
higher and rounder braincase, no brow ridge, athbetdy (particularly
the limbs). As people gradually became less nomaditopted
agriculture and became urbanised during the pag000to 15,000
years, physical changes continue.

With the appearance of modern humans, elaboratmaémgy emerged
based primarily on fabrication of tools from variedaterials and
throughmore sophisticated techniques. Arts appearedaridim

of sculpture, painting and engraving and this suggested a major
development in symbolic communication through tee of art (a form

of abstraction). People lived and associated mane, human burials
became more common and often included elaborétemds.

These cultural manifestations led to massive mignatand
generalpopulation explosion. Before then, people wermadic
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hunters andgatherers who followed games and collected diverse
seasonally availablglants. Further cultural evolution of humans was
marked by the transition from hunters and gatheteragriculturalists.
Agricultural revolution took place about 10,000 seaago. People
began planting seeds, harvesting crops and doraBsgc animals.
These agricultural practices improved with tiemed more varieties of
crops and animals were planted and reamspectively. The
agricultural revolution greatly modified the ermiment and had far
reaching consequences, including stable commuratiespecific sites,
career specialization, writing, written number apdpulation
expansion.

It is however expected that a species as numerdisvalely dispersed
as H. sapiens should have genetic differences anibagvarious

populations and the product of different environta¢ pressures must
have led to the formation of such species - raciesaeus recognised
long ago the basic unity of living humanity when flaced all people
in our single species - Hapiens. We now understand better that this

biological unity came about as a result of common evolutionary origin.

4.0 CONCLUSION
In this unit we have discussed the origin of mawoTpopular accounts
of the origin of man were discussed and these wererationist

and theevolutionist accounts. The evolutionist view or @aagt was
then discussed in details.

5.0 SUMMARY

The main points in this unit are:

o Two views on the origin of man are the religiouscogationist
view and the scientific or the evolutionist view.

o The first Hominids emerged 5 to 10 million yearsag

o The earliest known hominids were the members ofgéeus
Austral opithecus

° They were succeeded by the early Homo - Hilisa

These wereomnivorous and had larger brain. These were the

first knownrepresentative of the human lineage.

They used simple tools and showed some social dewent.

o Later on came the Homo erectus, which had larga@inkthan
their predecessors.

They lived by gathering, scavenging and sometinuggihg. They were

the first humans to use fire and to live at timesaves.
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These were replaced by our species, Homo sapiebsuta
500,000 years

ago in Africa and about 250,000 years ago in ABidl human
forms that is Homo sapien sapiens evolved abol@0@0years
ago and formedocieties that increased greatly in omplexity
especially with thelevelopment of agriculture.

TUTOR—MARKED ASSIGNMENT
Write short notes on (a) Homo Habilis (b) Cradwhons

Discuss the growth and elaboration of theain as a
factor in humarevolution.
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1.0 INTRODUCTION

In this unit,we are going to discuss the naturemain-his
chamcteristics and innate qualities. In the last wnitf 4, we discussed
the origin of man. There you were taught that theeee two views on
the originof man. These are the religious and the sdieniews.
Deciding whichview to believe is a matter of personal conviction.

Having discussed origination, we will now, in thisit, study the
nature of man. This unit will help answer the sfien, ‘What are
the chaacteristics and innate qualities of man?’ Afteudsting this
unit, you are expected to have achieved the obgstisted below.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

describe man’s nature vividly

explain what chromosomes are

indicate with an example how sex is determined

discuss how twins are produced and how the enviesrim
modifies

inherited traits.
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3.0 MAIN CONTENT
3.1 MAN’'S NATURE

You are aware that man is a living being. i.e. he life (just like plants
and other animals). He grows and dies and hasrtheigdes of growth
and death (or the things that make one grow andmilt in him.

Man eats, breathes, moves, etc. These charaateristihas in common
with other animals. In addition, man reasons, comgaies with his
fellow men through speech and other forms of camcation and
produces the means of his subsistence in a mdané&eyond what
any other animal canlo. Man has attained the highest level of
cultural and intellectuatievelopment unthinkable for any other
living being. These have enablewn to become master of the created
beings in the universe.

Thus, what distinguishes man and places him higbvelall other

earthly and visible creatures is his infinite capato create. The
abundance of his creative capacity is seen in tagsive and profound
systems of thought art, technology, morals, rehgiaw, society, etc,
which he has created. It s also seen in thedemn of the

interplanetary intercourse he has initiated, theisible forms of

communication of the computer age, his destruatapacity, i.e.,

ability to destroy himself, all forms of life andl ¢hat man has created,
within a split second.

All living beings, including man, are composed c¢lls, i.e., the basic
unit of life. Man is made up of the most quex type of cell
structure.There are six kinds of specialized cells in maresghare:

(@)  Skin cells called epithelium tissues

These tissues cover the outside of the bodycandr those parts
that communicate with the outside. These are the mottimat,
stomach, theest of the digestive canal, the nose, wipdpithe
lungs. Epitheliuntissues are also found in the liver and the kidney
The liver is the greaftactory of the body, where dissolved
substances from the food arepared for ‘burning’ to produce
energy or for building new cells.

The kidney, on its part, is a filtering plant whewraste substances are
filtered out of the blood.

(b) Bone or connective tissues cells
These include all supportive structures of the bimdjyuding the bones
and cartilages.
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(c) Muscle cells
These are the fleshy parts of the body which edpend contract and
thereby enable other parts of the body to funabiomove.

(d) Blood cells
(e) Nervous tissue cells
)] Reproductive cells.

The nerves are like the telephone wires of theypadhrrying
messages from one part to another. One group ofvesecarries
messages from the brain to the muscles. Anothelesamessages
from the other parts of thHeody to the brain. The brain, together
with the spinal cord, forntelephone exchange. Each nerve cell
has a central body with very loritaments reaching out from it,
some to the particular area it serves and someetet the filaments of
neighbouring nerve cells.

Let's take a break.

Exercise 5.1

1. Outline four characteristics which man hasammon with other
animals.

2. Mention the six kinds of specialized cells iamm

3.2 Reproductive cell

This is the cell responsible for the birth of nemganisms. It is called
the seed or egg of reproduction. The father's cgllcalled the
spermatozoa (or sperm) which fuses with the mosheell called the
egg, to produce a new organism or life.

It was Dr William Harvey who showed that everyiig thing comes
from the union of the sperm and egg. The truthualdhether human
beings and other creatures were created as tleelpday and whether
man has a special place in the scheme of thingsndispon the truth of
the theory of evolution. It was Anton Van Leeuweal{®632 - 1723), a
Dutch naturalistwho made'a detailed study of the spermatozoa
and showed that at tlmeeeting of the male sperm and the female
egg, if fertilisation takes place, then a new Btarts’. The hitting of
the ‘spot’ or nucleus of the ovum of the mothertbg nucleus of the
father is the vital stage in the starting of avrie.

Embryologists are the scientists who study the ldgweent of life from
the point of fertilization. They have shown tHeam the point of
fertilization, the development of the individualeature appears to
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resemble that of its ancestors in the long coafsolution.

The embryo of man is first a single cell, likeratozon, then a&luster
of cells together, like some of the little wataeatures,then a
folded-in ball, like a jelly- fish, and so on, until backbone
appears and four limbs borne out well- developdd Ita never looks
like an actual fish, but goes through a stage okilog like the embryo
of a fish, and another stage of looking like énebryo of a quadriped.

3.3 Chromosomes (carriers of hereditary materials)

There is a group of 46 chromosomes within the nuglef each
reproductive cell. Each chromosome contains segraés. Genes are
the determinants of heredity - the process by Wwhiental or physical
qualities, abilities, or illnesses pass from paseatchildren in the cells
of the body.

The genes are composed of what is called deoxyuiddeit acid
or DNA. DNA is the protein substance, which contrdie form and
function of the cells and tissues of each particuldividual so that they
harmonize with his hereditary pattern. DNA has giamolecules with
characteristics, which enable them to perform theictions.

DNA is thus responsible for transmitting hereditaharacteristics and
for the building of proteins.

DNA molecules in the chromosomes function like aelprint with
every cell in the body having a copy. This enalesregulation of the
function ofcells so that each performs its function inoperation
with the rest. Atconception, the father's sex cell is united witle th
mother’s sex cell to form one single cell.

Cells multiply into two in a continuous pattern. us) one multiplies
into two, two into four and so on. This makes gitoywossible. Each
group cell makes possible the correct developmértach part of the
body.

In order for the chromosomes to control the ford &unction of the
body, every cell formed must have an exact copyths
chromosomesontained in the original cell. The 46 chromosonas
arranged in pairs of 23. Each pair contains omerabsome from the
father and one from the mother, each being idehwith its original.
Thus, every cell in the bodyontains 23 chromosomes, which
carry over the hereditary influence of the fathemd which are
paired with 23 chromosomes, which carry tiezeditary influence of
the mother. Consequently, one’s father and motmer of equal
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importance in their influence on what kind of pmrs man is.

The other major influence on a person’s charadeheé society
and itsculture.

Since each cell contains 46 chromosomes, it is aggethat the union

of the father's sex cell and the mother’'s sex waluld yield one cell
with 46 x2, i.e. 92 chromosomes. But this is never the case.
Before the cells aravailable for initiating a new life, one member
of each pair is eliminatefdom the cell. The elimination is random. It
could be the chromosome that came from the paréatt'®r or mother
many years ago when the parent was conceived.

Owing to this chance eliminationn, no two cells garoed
by individual would be identical and have the same contiposi
of chromosomes when they become mature. This charleetisa

operates in preparing both the male and femaleskxfor conception.

It is estimated that there are 281 billion diffdareembinations
chromosomes possible when the sex cells from hulséad wife unite at
the time of conception.

Thus, no two brothers and sisters in the same yaar# exactly alike
with the exception of identical twins.

| hope the material is not too difficult to undensd. You may test
yourself by doing the following exercise.

Exercise 5.2

1. The cell responsible for the birth of new angans is called (a) -
---------- and it has (b) --------------------- nun@y of chromosomes.

2. The father’'s reproductive or sex cell isedl(a)  ------------
while the mother’s cell is called (b) ---------- ---

3. Why are brothers and sisters from the samdyamaver exactly
alike?

We have discussed the reproductive cell and tihencosomes. Let'’s
now go to sex determination.

3.4 Sex determination

Are you a male or female? How do you think yourex swas
determined? Read on and you will get the answer.

189



GST 105 HISTORY AND PHILOSOPHY OF SCIENCE

One chromosome in each pair of chromosomes is beaxmosome
while the rest of th&2 cells are autosomes. In a female, this
pair chromosomes are alike and may be designed as x xand
chromosomes (i.e, xx). In the case of male theyd#ferent, designed
as x and y (i.e.-y). At conception one pair ismehiated. In the case of
the female, the one that - is retained will always x while in the case
of the male it could be x y. If X female unites wiX male (xx) then a
girl results. If x female unites with male (x y)etha boy results. So the
sex of a child from this union is a matter of chend is the father’s sex
cell, which determines the sex of the child. Thsisllustrated in figure
3.6.

Farents’
body cells

Clametod or
sex valls -

Offaprings’
hody cedly
(erutypan)

X, Ky
Fomale child . - .Male child

Fiz 24 .chma: Robwrts (1871}
This shows that it is the man who determines thxeodehe child. The
woman always produces X - type gametes whereasnan produces
theequal numbers of x- and y- type gametes. If aype sperm fuses
with the egg, the child is female xx whereas iftype sperm fuses with
the egg, the child is male xy. Our culture tetmsriticize a woman
who produces no sons. It is clear this criticistotally unjustified as it
Is the man who in the main determines the sexetthid.

3.5 Twins

Twins? Do you know how they are determined? Thigenna will
show you. Twins may be fraternal or identical. the case of
fraternal twins, itmeans that the mother released two female sex
cells at one time for thparticular month in which conception
occurred, each being joined fertilized by separate male sex cell.
And so two lives were initiated at the same tilmeth each having a
single placenta. Fraternal twins are no closeattheother than any two
brothers or sisters. In the case of identical twihg single fertilized
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egg divided at the stage of the blastocyst ana twe individuals
developed in a single placenta. ldentical twins @ieror images of
each other. Hereditary characteristics of frateroéispring’s are
different;they may be both boys or both girls or one ,lmme girl.
But hereditarycharacteristics of identical twins are similar. Yhare
always the same sex, both boys or both girls. Aratéwins make up
75% of all twin pregnancies while identical onessitute 25%.

3.6 Heredity and environment

Most of a child’s basic physical features are nited. These include
colour of hair, shape of the face, general bodijdbwolour of the
eyes including certain preferences and abilities.

However, environment and societal culture do mothBse traits.
Before birth, the environment and home surroundifgs/e the
influence. And from childhood, the home, the school, parents,
peers, church, etcontinue to modify the character and personality of
the developing childThus, heredity merely provides the foundation
on which environmentsociety, culture and the mature decisions and
choice of the offspring finally determine his parabty.

Exercise 5.3

1. The female and male sex chromosomes can ligndésd as (a) -
--------- and (b) ------------ respectively.

2. Which sex cell determines the sex of the ¢hild

3. Two types of twins are (a) ------------ ang ¢p------------

4 Characteristics which a child may inherit frotme parents
include (a) --------------- () I —and (C) ---------------

4.0 CONCLUSION

In this unit we have discussed the general chaiatteof man. The
unit has given us information on the cell respblesifor the birth of

new organisms, the material responsible for whatexe inherit from

our parents. It has also given us information ow lsex is determined,
how twins are produced and finally the interrelasioip between the
environment and the characters we inherit frompauents.
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5.0 SUMMARY

The main points in this unit are:
o What distinguishes man and places him high aboletakr
earthly and visible creatures is his infinite capato create.
. Six kinds of specialised cells in man which are
(a) skin cells called epithelium tissues
(b) bone or connective tissue cells
(c) muscle cells
(d) blood cells
(d) nervous tissue cells
(f) reproductive cells

. Reproductive cell which is responsible for thettbiof new
organisms
and it has 46 chromosomes.

o The chromosomes which are the carriers of the argd
materials. The
hereditary materials or determinants of heredity ealled the
genes.

o The father’s sex cell as it determines the sexkefdhild

o Twins that may be fraternal or identical

o Inherited traits that may be modified by the eamiment and
societal
culture.

6.0 TUTOR-MARKED ASSIGNMENT
Write short notes on the following

(@) Reproductive cell (b) Chromosomes (c) Sex
determination

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

In module 3, unit 5, where we discussed the natfreman, we
mentioned that man reasons, and that what disshgsihim and places
him high above all other earthly and visible creasuis his infinite
capacity to create. This creative ability is seanthe massive and
profound systems of thought, art, technology wtuch he has created.

It can also be seen in the wonders of interplagatgercourse he has
initiated. This last fact is what this unit wékplain fully among other
things. It will explain to ushe between man and the entire universe
surrounding him. After studying this unit, you aegpected to have
achieved the objectives listed below.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

o explain the cosmos and the cosmic environment

. discuss about the rotation and revolution of th¢hea

. identify the components of the solar system andeilstions to
Galaxies.

. discuss measurement of distance in space.

3.0 MAIN CONTENT
3.1 Man and his cosmic environment

3.2 The cosmos

It may interest you to know that the cosmoshes world or the
universe, regarded as one orderly system with atstrecwhose parts
are linked together in an orderly manner. Both gdopbhy and
astronomy study the structure of the universe.

Cosmology is the area of study (in both disogd) concerned
with the structure of the universe.

Cosmology therefore is,

1. The branch of philosophy, which studies theicture of the
universe. It deals with its origin and general stuwe, its parts,
elements, laws. It focuses on such characterisfitise universe
as space, time, causality and freedom.

2. Also the branch of astronomy, which deals witle general
structure and evolution of the universe. It stadiee composition
extent and origins of the universe and its variocusponents.

The branch of philosophy which deals with the etioh and origin of
the universe is called cosmogony.

3.3 The cosmic environment

It may also interest you to know that the cosmigiemment is the
entire universe in which we live, especially those of dspects or
parts that areconnected with human life, survival and interests.
The structure of theosmos as revealed by astronomy includes the
earth (and other planets), their satellites, e and other stars, the
groups of stars called Galaxies, etc. Man dependair, heat, water
and other natural resources from the entire cospasicularly his own
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earth and the sun for survival.

Let's take a break. You may wish to test yourselth the following
exercise.

Exercise 1.0

1. Differentiate between cosmology and cosmogony.

2. The structure of the cosmos as revealed bgrastny includes
(@ - B () I () - and
(d)--------------

3.4 The earth

The earth on which man lives is a planet or ségetif the sun. We do
not as yet have evidence of human habitation in atimer celestial

body. The earth is one of the nine planets, wiathte on their axis

and revolve around the sun. The earth is sphencghape and moves
around the sun in space.

1.  Rotation of the earth

It takes the earth approximately 24 hours (arotnedequator) to rotate
or turn on its axis. This rotation gives rise ty @&nd night as the earth
faces or turns away from the sun. The earth derntge light from the
sun. When it faces the sun it is day for that pdrthe earth, when it
turns away, it is night for that part so affectBaes this remind you of
anything? You may recalhat we discussed about this in module
1, unit4. From the explanatioabove, it is easy to deduce that
when it is day in one part of the earth, it will tight in another part.

2. Revolution of the earth

It takes the earth about 365 days (i.e. one year)complete one
revolution around the sun. The sun is at the cemtoeind which the
earth and all thether planets(or satellites of the sun) regolYou
may recall thatis cussed about this in modylerit 2 The earth is
93 million miles away from the sun. It is 4,000 eslin radius.
Because of its spherical shape and its flatteredpes around the
poles, its diameter is 13 miles shorter at the pdhan the equatorial
radius.

The equatorial diameter is 7,9261/2 miles, while polar diameter is
7,900 miles.

The earth has a surface ared ®%,550,000 square miles. Of
55,500,000 sqg. mile surface is land, the rest iew#®o0 you know that
the greatest known height is Mount Everest, wisc?9,028 feet high?
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While the greatest known oceanic depth is the swa&ep, which is
34,430 ft below sea level. Mount Everest is in BoAsia between
Nepal and Tibet.

3. Spheres of the earth

The most important spheres of the earth are thewolig:

(@) The biosphere: This is the part of the earttrust, water and
atmosphere where living organisms can subsist.

(b) The atmosphere: This is the gaseous envelapeair)
surrounding theearth. It is of mixed gases consisting of:
Nitrogen (75,54.9) Oxygen (23
-14 %) Argon (1.2%) and Carbon Dioxide (0.05%).

The three sub-layers of the atmosphere are:

() The troposphere - the layer from the sealléweabout 5 miles
high at
the North Pole and 11 miles at the equator.

(i)  The stratosphere - up to 50 miles. Within gteatosphere is the
region of gas called ozone ( a special form of @gThe ozone
gas is being continually formed and destroyed dueatiation
from the sun.

Ozone is a powerful oxidising agent used in  water
purification. Theozone in the upper atmosphere absorbs the
most energetic ultra-violet radiation from the sun.

Radiation is dangerous to life, so the ozone layerthe
atmosphere is a protective layer important for ghstenance of
life on earth.

(i)  The ionosphere - from 50 miles t0 300 milgsbove this, the
gases become very rare. The ionosphere has twiagets - the
mesosphere and the thermosphere.

The various layers of the atmosphere differ maimytheir
temperature. For the troposphere, temperaturesdim@bout 30F for
every 100 feet height. For strato sphere, it ris@®00 F in the ozone
layer and falls to about 1000 F at the top of thget. For the
ionosphere, it rises to about 4,0000 F at the 3i0&smp.

You may wish to test yourself with the followingegkise.

Exercise 1.1

1. The earth is a satellite of (a) ---------------- . It takes it
approximately
(b) ------------- hours to rotate on its axis whitdakes it about (c)
-------- days to complete one revolution around sbe.

2. The three sub-layers of the atmosphere are-fa-------
(b) --------ee (€) -
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3.5 The solar system

You may have learnt about the composition of théarseystem
elsewhere, but read on.

The sun and the nine planets that revolve arouadd their satellites,
plus the minor planes called asteriods make upsthar system. The
system is held together by the gravitational fas€ethe sun. Can you
remember thenit where we came across gravitational fordere®
You are correct iffour answer is module 1, unit 4. The sun is a star;
one of the innumerablstars in the universe. The nine planets
which revolve around the sun different orbits are (according to
their proximity to the sun):

Mercury (no satellite) — smallest planet.

Venus (no satellite) — most brilliant planethe solar system.
Earth (one satellite or moon)

Mars (2 satellites)

Jupiter (12 satellites) — largest planet & $olar system.
Saturn (10 satellites) — second largest planet

Uranus (5 satellites)

Neptune (2 satellites)

Pluto — the outermost planet in the entirasel/stem.

©COoNOU~WNE

In addition, there are 2,000 minor planets callsteroids. Each planet
has its own moon(s) or satellite(s) which rotgtegsound it. The earth
hasone. Mars has two moons (phobos and deimos).

Neptune has two. Thplanets with large numbers of satellites are
Saturn and Jupiter. Saturn has 10 while JupitelBat/ranus has 5.

It is believed that the planets were formed frora sun, from which
they broke off as gaseous elements and graduatignbe solid bodies in
space. The sun itself is in motion in space anthatsame time the
planets rotate around it. The planets and theitellgas are held in
their relative positions around the sun by the gaéienal power of the
sun. This magnetic power holds them together aesnamon system.
The powerful energy from the sun, called solaergw is responsible
for all the energy and the light in the whole sagstem.

3.6 Galaxies

The sun, plus its nine planets and their satelfiies the solar system.
The solar system along with other stars and trsatellites form a
collection or group called the Galaxy. Galaxiee arlarge system of
stars held togethdsy mutual gravitation and isolated by similar
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systems by vast regions spjace. Precisely, our Galaxy is called
the Milky Way Galaxy. The Milky Way Galaxy containsabout
100,000 million stars. There are several othdaxges (or nebulae)
with different shapes in the universe. The origintbe universe and it
galaxies is unknown.

3.7 Measurement of distance in space

It may interest you to know that the distances letw celestial
objects,especially stars and galaxies, are so great thatan& express
them withordinary numerical notation. The unit of measueat
which is used taneasure such astronomical distances is called a
light year. A light year is therefore, a unitmeasurement of distant
objects such as stellar (i.e. star) distancesglit year is the distance
traversed by light in one mean solar year. Onet liggar is about
5,880,000,000,000 miles (abbreviated Ityr). So saliséances are so
great that they look clumsy when written in plagufes.

Hence, the use of It -year (or light year) a u@ihe set of such stellar
objects is Quasirs or Black Holes which g@verful sources of
radio energy. Hence, they are called Quasir-$t&&lio Source.

Some are as far as 14 billion light years.

It's time to do some exercises. Try your best tbajethe answers
correct.

Exercise 1.2

1. The nine planets according to their proximdtyhe sun are (a) --
--------- (b) ---------- (€) - (d) oo (€) e
(f) ---mmmme (9) - (h) -----mmmmem- (i) -

2. The energy from the sun is called -------—-

3. (a) Define Galaxies (b) Name our own Galaxy How many

stars does it contain?
4. The unit of measurement, which is used to nomeas
astronomicadistances, is called ---------

4.0 CONCLUSION

This unit has presumably been really instructive.hds given us
information on the composition of the universe, tharacteristics of the
earth on which we live, the solar system andatsgonents. It has also
given us an idea ohow distant celestial objects are to each other
and why there are day anwjht on earth.
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5.0 SUMMARY

The main points in this unit are:

o The cosmos is the world or the entire universensghas one
orderly
system with a structure, whose parts are linkggttoer in an
orderly manner.

o Cosmology is the area of study concerned with the
structure of theuniverse while cosmogony deals with the
evolution and origin of the universe.

o The structure of the cosmos is made up of (d)e earth
(and other planets) (b) their satellites (c) tlhwa sand other
stars (d) the groups of stars called galaxies.

. Man depends, for his survival, on air, heat, watad other
naturalresources from the entire cosmos, particularly dvis
earth and the sun.

. The earth takes approximately 24 hours to rotatésoaxis and
365 days to complete one revolution around the sun.

o Spheres of the earth are (a) the biosphere (b)athmsphere
The 3 sub-layers of the atmosphere are
(1) the troposphere
(i)  the stratosphere and
(i)  the thermosphere.

o The solar system is composed of the sun and tHar@{s. Each
of some of the planets have its own moon(s) orlga(s) which
rotate round it.

o Galaxies are a large system of stars held togethgrmutual
gravitation
and isolated by similar systems by vast regionspate.

. Our solar system belongs to the Milky Way Galaxyick
contains100,000 million stars.

o The unit of measurement which is used to measure
astronomicatlistances is called light year.

6.0 TUTOR-MARKED ASSIGNMENT

1. Write short notes on
(@) Measurement of distances in space (b) Galaxie

2. When the earth faces the sun it is day fot plaat of the earth,
but whenit turns away, it is night for the part so affected
Comment and givesasons.
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7.0 REFERENCE/FURTHER READING
Nwala, T. U. (1997) ‘Man and His Cosmic Environnient: Nwala, T.

U. (ed.) History and philosophy of science, Nidgoks and
Publishing Co. Ltd, Nsukka.
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1.0 INTRODUCTION

This unit is a continuation of unit. We shall discuss the
relationshipbetween man and his environment. But emphasisvadre
be on how marutilises the material resources from his natural
environment for his sustenance on earth. Afteryhgdthis unit,
you are expected to hagehieved the objectives listed below.

2.0 OBJECTIVES

At the end of this unit, you are expected to be abi

o describe the types of food man needs

o discuss how man produces food through agricultare the
influence of climate, soil and vegetation

o define and classify natural resources

. assess the various conservation methods.
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3.0 MAIN CONTENT

3.1 Man and his natural resources

In this unit, you will learn about the things whiolature supplies man,
how

these things help to sustain him and how he tresadnserve them.
Man’s existence is sustained not only through tleegss of biological
reproduction of his existence and his offspring,t karough the
utilization of the material resources  from his natural
environment. These include @specially oxygen), water, food,
economic resources (such as agricultufedhing water, animal
foods, etc), mineral resources (such as megald, silver, iron, ore,
etc), fuels (such as coal, gas, wood, etc).

The sun supplies him solar energy and light asaw in unit 1.
The plants provide him oxygen and energy througbd$oof various
kinds. Fromthe foods, he derives energy which enalias
function physically andiologically to reproduce the cells and all the
basic organs of the body. From natural resourcegjets energy and
other economic resources including thlings he needs for
technological construction — shelter, road, bridgetectrical
installations, communication and all types of inda$ plants,
equipment, spare parts, transportation equipméait,lteis important to
know that the process of interaction and the négee$ survival has
forced man to learn to manipulate natural factand #rces to his
benefit.

Man has thus learnt the science and practice afwtyre and industry,
and created massive cultural, social economic, tamyli and
political structures and institutions. He has, thus, cregtedmodern
complex society.In addition, he now reaches to other distant
planets and maintains nersible communication across continents,
lands, oceans and space. In section 3.4 we slsdusk the nature of
these natural resources and their various uses.

3.2 Man and his food

You may be aware that man sustains himself throdgbd
and essentials of life such as air and water. The foedats derives
from plants and animals. Some types are eateragititey are derived
from nature, forexample, fruits, vegetables, and roots. Some are
cooked or prepared idifferent ways, for example fruits, seeds,
vegetables, roots, animals etc.
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Some are manufactured in different sophisticategswa.g. cereals,
sugar, oil, flour, meat, etc which are canned oned into other forms.

Agriculture and industry have therefore become niagor institutions
through which man feeds himself.

3.2.1 Types of food

There are three different types of food. Generallgints are responsible
for the production of the basic food needed by hménts and animals
through aprocess called photosynthesis which is madssipte by
the energy fromsunlight and water (through their roots) and air
(carbon dioxide) through the stomata in its leaWants first convert
water and air into glucose — a simpler form of sudgais gives it
potential energy.

In the process of producing glucose, plants releagygen,
which essential for man. Animals use oxygen while nfdaneed
carbon dioxideWhen plants take in carbon dioxide, it releases
oxygen. Thignterdependence between man and plants in their ai
consumption is called symbiosis. The earth is ahly celestial body
presently known to contain enough oxygen, the mflartant element
for the sustenance and nourishing of life.

Basic foods needed by man
It is important to know the basic types of food nmeeds. They include:

(a) Carbohydrates: It is the main source of eneeeded by plants
andanimals. The three main types of carbohydratessugar,
starch and cellulose.

(b)  Fats and oil: Plants produce fats from carloio&tes.

(c) Proteins: Like carbohydrates and fats, protebntains
oxygen,hydrogen and carbon.

(d)  Mineral and vitamins: Minerals are importaot hoth animals
and plants. They are important constituents to drurbones,
teeth and body cells needed for the formation lobd, liver,
muscles, etc. Three types of mineral are ironciagal and
phosphorous. Calcium is derived from cheese andk, mil
phosphorous from cheese and liver, iron from li®ead, peas
and cabbage.

Vitamins are essential to the enzyme system ofoafjanisms,

which enhance chemical reactions necessary for congeftiod into

energy. Man needs an adequate and balanced papoftithese types
of food for his normal growth. Hence, he needsawis called a
balanced diet.
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It's time to take a break. You may wish to test ngmlf with
this exercise.

Exercise 2.0

1. Material resources from man’s natural envirentnclude (a) -
----------- I R

2. Basic types of food needed by man include-(a)----- (b) ----
----------- (c) ---------------(d) -----------------.  Examples of
each are (e) ------------ () ==-mmmmmmmmmmeee- o) ----------- (h) -------
-------- respectively.

Since we have discussed the basic types ofl ieeded by man, it

is important that we also study, how he produces this food and
the environmental factors which affect his food proie. Thus, the
topic of our next discussion is agriculture.

3.3 Agriculture

Through the ages, man has learnt to sow and peothecwide variety
of plants and animals he needs to use and eat fosurngval.
From simplest process of fruits and roots gathering hAodting, he
has developed a complicated system of plantingraadng animals.
He has progressed from using simple instrumentsiaapiements to
large-scale scientific antechnologically dependent agriculture. He
has also progressed from raansumption of food to cooking, drying
and manufacturing it into a wide variety.

3.3.1 Agriculture, climate and soll

You may be aware that man’s ability to produce fbisd
and agcultural needs depends on the type of climatather, and
soil of the region in which he lives. From anci@ntes, man has known
these secrets about nature. Hence, the areasirstasdw the earliest
human settlementand the emergence of ancient civilization were
areas favourable for agriculture and general husettiements.
Such areas include the Nilealley, the valleys of Tigris and
Euphrates in Babylonia, the Yangtse river of Crama the Indus river
in India. You may recall that we discussed thisnadule 1, unib. In
these areas, the valleys were found fertile ang eenducive for
agriculture and secure settlements. The riverheise areas often over
flowed and spread silt, rich with mineral depositsd nutrients which
helps crops to grow abundantly. In this way man afle to produce
enough food to support a large population all yeand. It is important
to know the meaning of climate, weather and soil.
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1. Climate is the generally prevailing weather ditions of a
region. It is determined by the temperature, barometric
pressure, humidity,precipitation, sunshine, cloudiness and
winds, throughout the year. It is the average dmndiover a
period of years. Precipitation is the falling dowhproducts of
condensation in the atmosphere.

Such products include rain, snow, and hail.

2. Weather is the prevailing state of the atmesphas regards
wind, rain, temperature, moisture, cloudiness, sures etc.
3. Soil is the portion of the earth’s surface sesting of

disintegrated rocks and humus.

Humus is the dark organic material in soils produced by the
decomposition of vegetable or animal matter, whghessential for

the fertility of the earth or ground. Disintegration breakdown of
rocks, which produces soil, is accomplished by a proceskted
weathering. It is done by ice and frost naturaltcurring chemicals
and lowly plant organisms such as algae or lish&oil has inorganic
components such as clay, soils and sand. Theseniaexl with the
organic portion called humus.

The totality of these factors determines the stdit¢he vegetation
which is the plants and plant life of a region.

Let's take a break. You may wish to test yourselth the following
exercise.

Exercise 2.1
1. List 5 parameters for determining climate.
2. Define weathering.

Did you get all the answers correct? If so, welheloYou can proceed
to thenext section. If you failed one question, don’orwy; with time
you will understand the topic very well. The next sub topa
be discussedegetation.

3.4 Vegetation

Depends on the type of vegetation there. The maggetational
regions Vegetation means the plant life of a region. Thpet of
farming done in an area on the earth’s surface are:

1. Tundra, mountain Flora, ice cap, eg. Antarébaoe.
2. Coniferous forest (Northern region and Russia)
3. Deciduous forest North-Eastern Canada, Russia.
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Temperate rain forest, USA, China.

Tropical rain forest, Africa, S. America, ladi
Grassland and savannah, USA, Africa.

Thuru forest and shrubs, Australia.

Scrub and semi-desert, Africa, Australia midgéest, etc.
Desert, Africa, Australia, Middle East.

©CONoOO A

References to the continents above are in respéioe oelevant parts of
those continents and regions. These zones corrésjpothe climatic
zones of the cold temperate, tropical and desewszo

Large-scale farming is possible mainly in the glasds and in those
areas of the coniferous, deciduous and tropical faiests that have
been cleared by man for cultivation.

Farming is very difficult in desert, semi-desetndra, mountain flora
and ice cap vegetations. Altitude, or height ofaama from the sea
level, affectsthe vegetation of several areas of the wood. So do
intensive and activeuman settlements. Technology has enabled man
to influence the vegetation as well as agricultp@ential of several
areas of the world. Through the use of manurellifmt and irrigation
(from artificial lakes, dams, canals, etc) andititeoduction of special
breeds of crops, man has been abletgage in agriculture and,
hence, produce foods in regions hitheupsuitable for such
purposes. This has happened in Israel, for example.

3.5 Natural resources

You will recall that we mentioned the naturalageses man needs
for his sustenance in section 3. In this sectiom shall discuss them in
details. But first we shall define the term.

3.5.1 Definition of natural resources

The term natural resources is used to signifys¢h things (raw
materials) man uses to satisfy his needs. Natwaburces in this
sense means such things as minerals, fuels, foresting lands, wild-
life, etc. However, witlthe development of ecology (the science that
explores the relationshipetween life and the environment in
which it occurs), the term natunadsource(s) was introduced to
include all the things that could be found on the surface layer of our
planet earth, namely, the earth’s crust which isuat83 km deep at
most of the oceans and seas, and the atmosplmck i made up of
three layers - troposphere, the stratosphere anmtiosphere.
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The reason for this is that it has been recoghthat the earth takes
its life supporting form from the continuous interactiari the
various elementswithin it. Thus, the earth’s surface forms an
integrated life-supporting unit, which is calledettbiosphere. The
biosphere as we saw in unit 1, includes part af dhrth’s crust, water
and the atmosphere where living organisms includiag can subsist.

Man derives his sustenance from the biosphereagi$ie makes some
input towards the maintenance of the equilibriumtioé biosphere.
However,man’s contribution towards the maintenance of tfes |
sustainingequilibrium of the biosphere is now in doubt, hentlee
present drive to curb the ecological damages pexteel by man. You
may recall that in modul&, unit 2, we talked about the social
implications of man’s technologicaévelopment.

3.5.2 Classification of man’s needs for natural mources

Man’s needs for natural resources can be classified
primary secondary needs.

1. Man’s primary needs are those he requires daistence. For
example, internal energy in the form of food, external
energy in the form aoddequate clothing, heat for cooking,
warming of homes, etc, good wafer drinking and cooking,
general hygiene and at least, marginabjtuted air with the
required degree of oxygen.

2. Secondary needs of man are those needsahatarisen due to
man’s desires to subdue nature to his satisfaci®snwell as
aesthetically and emotionally enjoy it.

These needs include the higher energy forms redjuioe an
urbancivilization, the materials required to maintaire tinodern
industrial society, as well as the parks, open cepaexperiences
and materialseeded for recreation, etc.

Exercise 2.2

1. Man’s need for natural resources can be cladsifto (a) --------
------ (b) ---------m-m---

2. Ecology Means ------==-=nmommmm e e e

Classification of Natural Resources

You may be aware that natural resources could assified in two
ways, which are:

1. Living resources. Living resources include falims of plants
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and animal life as well as micro-organisms.
2. Non living resources are those without lifer fexample,
minerals.

They could also be classified into;
1. Renewable and
2. Non-renewable resources.

Renewable resources

These are resources that can reproduce or renemvséiees, for
example plants and animal resources. Resources are alssifcdd

as renewablevhen they are maintained, rejuvenated or improved
upon by a naturallypccurring process. An example is soil formation.
The natural process of soil formation goes onldiraks, building up of
soil and restoring of destroyed soil. In additieaemingly inexhaustible
resources such as solar energy, air and wateegegded as renewable
resources.

Non- renewable resources

These are those resourg¢emstly non living resources such as fuels
and minerals), which do not usually replace theweselonce they are
used.

However, the classification of resources as rené&vagnd non
renewable is not so satisfactory, given the fhat tt is known that all
forms of natural resources are integrated in a continuum,
consisting of those that arenewable over a short time and those
that are renewable over a very long period of times, therefore,
necessary to see all forms of natural resourcésrins of their cycling
time. The cycling time of a resource is the periothkes to replace a
particular quantity of such a resource that hasnbesed with an
equivalent quantity in the same useful form. Thilg difference in
terms of renewability between the tropical treesluraber for timber
(for instance, iroko, obeche) and petroleum (aifdsgl) will be the
400 - 1000 years it takes the tropical trees ttuneaand the hundreds
of thousands of years it takes the fossil torgaewed. A resource is
non-renewable if the rate of its consumptionuilization surpasses
its cycling capacity. When an easily renewable ues® (e.g. fish) is
consumed at a rate that would render it non-renyabch a resource
is said to be ‘mined'.

The next sub-topic we shall discuss is conservaifaratural resources.
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Conservation of Natural Resources

The danger presented by non-renewability of ression a large scale
hascreated the need for the conservation of natuiedources.
The termconservation as presented in world conservatiategy by

the internationalunion for conservation of nature and natural
resources means thmanagement of human use of the biosphere so
that it may yield the greatesustainable benefit while maintaining
its potential to meet the needs asdirations of future generations.

Conservation is carried on for other reasons ajamn making
resourcesavailable on a long-term basis. These other puipose
are scientificrecreational and aesthetic.

Conservation activities serve science because ghrazonservation,
specieof life and biological communities are preserved &cientific
study. The disappearance of such species of life and biolbgica
communities when they have not been adequatelyestuat studied at
all is a great loss to science and scientific usideding of the
biosphere.

Aesthetically and recreationally, conservation egjuired to preserve
some of nature for people living in the urban ar@&o yearn to come
in contact with nature. For instance, people livingthe urban areas
usually like to see animals such as lion s andhalefs in their natural
habitats. It also provides camping sites as wselegreational facilities.
An example is the Yankari game reserve in Baudiest

We shall discuss the conservation or managememoaofliving
andliving resources separately.

Management of non living resources

The ways and objectives of managing and conserv@sgurces are

different from those concerning the management of living

resources. Non-livingesources are managed by:

1. Beneficiation: This is the process of care mebg a resource
that occurs in an uneconomical formation is ugdgoh or
improved, i.e. rendered economically viable.

Beneficiation usually depends on technological
Improvements, forinstance, manganese, cobalt, nickle and
copper that are relatively scarce on dry groundcarginuously
formed as nodules on the ocean floor.

These nodules await the technology that woulkbEnhuman beings

collect them.
2. Maximisation: This is the sum of those measuihat make
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for the avoidance of waste and which also increase the
production of a resource.

3. Substitution: This is the utilisation of relgdavailable resources
in placeof a rare one. For instance, the use of plastigdace
of metals forpackaging and other purposes and the use of
aluminum in place ofopper for certain purposes.

4. Allocation: This involves the determination tbe best use of a
particular resource and the scheduling of such a
resource for that usenechanism for allocation in the
market(capitalist) economics is thmicing system. It depends
on demand, which, once high, is likely to lead
to a high price. High price for a particular raesze will more
or less ensure its utilization for the expectedppse. This
mechanism is not very reliable because it is nategamenable
to long-term conservation purposes.

For instance, petroleum goes into all sorts of potg] whereas
one may wish to conserve it for energy purposeg.onl

5. Recycling: This is the gathering of waste ased materials,
reprocessing them, and using them again in placdresh
materials. The effectiveness of recycling depemasits being
organized and sustained on a large scale. Liviagurees could
also be recycled, for instance wood and papermdcoelreused.

Exercise 2.3
1. Classify natural resources and give examples.
2. Outline 4 ways of managing non-living resostce

We shall now discuss the management of living recssu

Management of living resources
The aims or purposes of managing living resouncelside:

1. To maintain very important ecological procesaad life
supportsystems.

2. To preserve the diverse and various life fofires plants and
animals)

3. To establish a sustainable pattern of how ge species and
ecosystems.

The conservation of living resources involves;

1. The protection and restoration of endangeregisp through the
development of parks, game reserves, etc.
2. The sustainable or wise use of resources risureng that

resources areot ‘mined’ through, for instance, fishing laws
that aim at restrictingarvest of fish.
3. Recycling which involves the processing of reatly used
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materials for re- use.

4. Specie substitution, this is the use of rgadilltivatable species
in placeof species with long periods of cycling. For imste,
the use of th&enaf trees for pulp in place of certain kinds of
timber.

Management for the purposes of conservation couwdlve more
thatone goal. For instance, wild life park could heeo to
scientific ecreational purposes. And a protected man-maderwate
reservoir, such as is developed from the dammingigér, could be
used for scientific, fishing and recreational pug®. The management
of any particular areas for the achievement ofartban one purpose
of conservation is known as multiple use management

Awareness about conservation has grown from c¢bacern of
a fewintellectuals and intellectually inclined artisis the early 19th
century to become the concern of many peoplaitinf politicians.
There is now a growing concern about conservatimasnly connected
to the increased rate of the deterioration of thesphere, especially
after World War I, by alsorts of pollutants. Th&0th century has
witnessed industrialization anabanisation, which have generated by-
products that pollute the environmangking it uncomfortable or at
times fatal to life. You may recall that wlescussed this in module 3,
unit 2.

4.0 CONCLUSION

This unit has really been instructive. We htalked about man
and hisfood, types of food man needs for sustenance, hiosv
produces the foothrough agriculture and the effects of climate on
food production. We alsdiscussed the various vegetational zones
of the world and how thewfluence the type of crops that cab be
planted there. The term naturasources was discussed in
details in termsof its classifications and conservation.

5.0 SUMMARY

The main points in this unit are:

o Man sustains himself through food and other esslsnof life
such as air and water.

o Basic types of food needed by man include carbaitgdr fats
and oils, proteins, minerals and vitamins.

o Man’s ability to produce his food and other aglictal needs

depends on the type of climate, weather and sdhefregion in
which he lives.
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o Vegetation means the plant life of a regionnftuences the
type offarming done in an area.

o Natural resources can be classified into two:
(a) living and non-living resources
(b)  renewable and non-renewable resources.

o Man’s needs for natural resources can be classiired
primary andsecondary needs.

o Non living resources are managed by:

(@) Beneficiation.
(b)  Maximisation.
(c)  Substitution.
(d)  Allocation.
(e) Recycling.
o Living resources can be managed through meansasich
(@) the protection and restoration of endangespécies
through the development of parks, game reserves, et
(b)  recycling.

6.0 TUTOR-MARKED ASSIGNMENT

Write short notes on (a) Management of living reses (b) Vegetation
7.0 REFERENCE/FURTHER READING

Nwala, T. U. (1997) ‘Man and his natural resourdes’Nwala, T. U.

(ed.) History and Philosophy of Science, Niger Books and
Publishing Co. Ltd, Nsukka.
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1.0 INTRODUCTION

This unit will bring us to the end of this coursHistory and philosophy
of science. Here, brief biographies of worthy Niges who have
contributed to science will be presented. The anoiawaken in you
the consciousness of being a Nigerian, to inspig no matter what
people think of Nigeriato contribute to her upliftment just as
Marie Curie did for her fatherlarfebland. She married a French
man Pierre Curie. Both of them discovered an eterméich Marie
named after her country Poland. She called theesiéfolonium.

After studying this unit you should be able to iavle the objective

stated
below.

2.0 OBJECTIVE

Discuss the contributions of Philip Emeagwali, Bidrtaji, Col. Ovadje
and Henrietta Ukwu among others to science.

3.1 Philip Emeagwali
He was born on August 23, 1954 in Akure, NigeH#& father was
James Emeagwali while his mother was Agatha. H@@kd out of

school many times because his parents could notrdafio pay his
school fees.
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He earned his first diploma from the University lasndon (through
selfstudy) in 1973, and subsequently won a scholarship to
Oregon StateUniversity. From 1977-93, he did graduate study,
professional practice armcademic research in Civil Engineering at
Howard University andransportation Engineering at Maryland State
Highway Administration.

For six years, he served as a distinguished lecairboth the Institute
of Electrical and Electronic Engineergthe world’'s largest
technical organisation) and the Association for @atmg
Machinery (the oldestcomputer society). He has delivered many
major lectureships all over theorld, including the Massachusetts
Institute of Technology, the Uniteldations Educational, Scientific,
cultural Organisation (UNESCO, Paris) and the Iméional Congress
on Industries and Applied Mathematics.

In 1974, Emeagwali read a 1922 science fictiomclart on how to

use 64,000 mathematicians to forecast the weafioer the whole

earth. Inspired by that article, he worked out @otletical scheme for
using 64,000 far-flung processors that will berdyaistributed around

the Earth, to forecast theveather. He called it a Hyper Ball
International Network of computers.

Today, an International Network of Computers idechthe Internet.

Initially, his proposal to use 64,000 computersfaian an International
Network was rejected by his peers on the ground ithsould be
impossible.

Since he was denied funding and employment for cadie he
quietly developed and wrote down his calculations in @usiand
page monographwhich described the hypothetical use of 64
binary thousand— the equivalent of 65,536 processors to perform
the world’s fastest computation.

In 1987, an experimental hypercube computer @4/536 processors
became available at the Los Alamos National Laleoyatthe United
States government’s prime nuclear weapons research centre.
Frustrated by theirnability to programme 65,536 processors to
simulate nuclear blasts, the Los Alamos offictadsl a hunch to allow
physicists simulate problems similar to theirsafigg that the lab
officials would not accept him if it was known thae was black,
Emeagwali decided to submit his proposal remotelyhe
lab officials approved his usage of its computerd eemotely
programmed 65,536 processors in Los Alamos (Newidt@x while
living in Michigan.
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His success in using 64 binary - thousand pragsesgave credibility
and renewed interest in his formerly rejected psapoto use 64
thousand far- flung computers to forecast the weratlfior the whole
earth. Because the topology of his rejected imteonal network of
computers was similar to, but predated that, bé Internet, it was
rediscovered. The book, History tife Internet called him an Internet
pioneer. He was voted one of the twenty innovators of the Internet and
CNN called him ‘A father of the Internet’.

He was awarded tH©89 Cordon Bell prizésupercomputing Nobel
prize) for his contributions, which in part insgirethe petroleum
industry to purchase one in ten supercomputers.

Emeagwali considers himself to be ‘a black sciéntgth a
respasibility to communicate science to the black dmaspora’. In
otherwords, he has a dual sensibility of being deepbted in science
while using it as a tool to remind his people ie hiaspora of where
they have been angho they are. During his career, he has received
more than 100 prizeawards and honours.

3.2 Col. Dr Oviemo O. Ovadje

He is a chief consultant Anesthesiologist. He hagnbrecognised
worldwide due to his contribution to product deyeient in medicine.
He invented aflEmergency Auto- Transfusion §&ATSET) which
has been acclaimed internationally as Nigeria’s trdoumtion to
Global Blood Safety. He hasceived many awards among which are:

1. Best African Inventor/Scientist Award, 1995

2. First African winner, World Health organisatioSasakawa
Award, UN Hall, Genera Switzerland, 18 may 2000.

3. Winner ARCO Excellence in Science and Techgwlo
Award, Dorchester, London England, April 26, 2001.

3.3  Prof. Henrietta Ukwu
She also received the ARCO Award on 26 April 20@xtlhe production

of a potent chicken pox vaccine (varivax) and an HIVipese
inhibitor (crixiran) for managing AIDS patients.

3.4  Prof. Njoku Obi
In the early 1970s, Prof. Njoku Obi of the Univgrsof Nigeria,
Nsukka made a vaccine which was recognised, aateptid adopted

for use by the World Health Organization (WHO).
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3.5 Prof. Mobison Oliver Udemmadu

He hails from Awo-ldemili in Orlu Local governmerdrea of Imo
State, Nigeria. He left Nigeria in 1965 after hsgecondary school at
Christ TheKing College, Onitsha. For the Massachusetts nstit
of Technology(M.1.T) Cambridge, Mass, USA (1965 - 1970) where he
obtained degrees in mechanical and Electrical Ergging, Computer
science, Aeronautics amgstronautics, while working in the District
Equipment Corporation, hdeveloped a computer machine for
industrial use and became an indispensable consuibathe
American Scientific outfit, called th&lational Aeronautics and
Space Administration (NASA). He is a director ailf®n Engineering
Corporation. In 1980, he embarked on the buildifigcamputers—
ASUTECH 800 series and ASUTECH 800 super persocoraputers
and super personal systems.

3.6 Prof. Bartholomew Nnaji

He is from Umuode in Nkanu East Local GovernmengaAof Enugu
State, Nigeria. He was born in July 1956. He suidi St. John’'s
University, New York, Virginia Polytechnic and Massachusetts
Institute of TechnologyMIT). He became a professor and founder
of the Automation and Robotic Laboratory at the \émsity of
Massachusetts at Amherst.

He is the founder of the Geometric Machine Corponato affirm that
everything in use has a geometric approach. Hededirthe National
Centrefor Computer-Aided Medical Devices for Vadisation
Diagnosis andSurgical Intervention Systems. He is the
first man to be named datinguished professor of engineering in
American history.

He consults for Digital Equipment Corporation, thidorth
Atlantic Treaty OrganizatiofNATO), the American Army, United
Nations Development Programme and other leading internakion
bodies.

3.7 Some Home Based Computer Experts

Prof. Olayide Abass (UNILAG)

Dr Gabriel Atah Olayi (UNCIAL)
Prof. Simeon Fatula (UNIBEN)
Prof. Yayo Akinde (FUTA)

Dr Chris Okeke (formerly of UNN)

ghRhwpbdE

These are some of the experts teaching computnaein Nigerian
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Universities and researching into different aspe€téechnology. The
list presented here is not exhaustive. There areynmher Nigerian
scientists in other fields. Unfortunately, these #re only ones | could
get hold of.

4.0 CONCLUSION

Yes, it's true all these superstars are foreigredashey are not
fully appreciated at home and so cannot abandon thsitgobome and
languish in Nigeria. One doesn’'t know how long thimiation will last.

Nigeria needs her superstars in all fields to behame in this
technological age.
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