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Introduction

The Course Guide tells you briefly what the coussabout, what course
materials you will be using and how you can worliyaay through

these materials. It suggests some general gugdelor the amount of

time you are likely to spend on eachtuof the course in order to
complete it successfully. It also gives you somilgnce on your tutor—
marked assignments. Detailed information on tut@rked assignments

is found in the separate Assignment File, which bel available to you.

What You Will Learn In This Course

This course is to bring to consciousneof those to be involved in
Integrated Science teaching at junior secondami.levSo the overall

aim of EDU 740 (Subject Methods Il) Integrated &ceeis to introduce

you to some of the rudiments of integrated scid¢aaehing. You will

as well learn about the meaning of integrated seigphilosophy and

objectives of integrated science, justifma for teaching integrated
science and the nature of science; science edoaatoiculum reforms

at both primary and secondary school levels andiadggical theories

of learning and its implications for science teaghi

Course Aims
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The aim of this course is to prepare you towardslang integrated
science at junior secondary level. This will bliaged by aiming to:

* introduce you to the meaning of integrated sciearce historical
development of integrated science

* help you an appreciate of the nature of science

* outine all the science education cutdou reforms at
primary and secondary levels in Nigeria

* examine the contributions of some cognitive psyobisits like

David Ausubel, Jerome Brunner, Robert Gagne amil Beayet
to enhance our knowledge of the nature of sciesaehing

deal with the basic methods and techniques of tegéhtegrated
science.

Course Objectives

To achieve the aims set above, the course setalbubjective. In
addition, each unit has specific objectives inctudethe beginning of a
unit. You may want to refer to them during an@éaftou might have
completed a unit to check on your progress.

Set out below is wider objectives of the coursa asole. By meeting
these objectives, you should have achieved the @irtiee course as a
whole.

On successful completion of the course, you shbaldble to:

« explain the meaning of integrated science

 discuss the concept of integration

« compare the characteristics of integrated sciendenan-integrated
science

« trace the historical development of integratedrsmein Nigeria

e give reasons why integrated science should be tangichools

* explain the nature of science

« advance reasons for science education curriculfonne in Nigeria

» discuss the contributions of some cognitive psyafists such as
Ausubel, Brunner, Gagne and Piaget to science itggelmd their
implication for science teaching

« outline the methods of teaching integrated science

« describe the various resources for teaching intedrscience

» prepare a scheme of work, lesson plan and lesgerforoteaching
integrated science in junior secondary classes

« describe the design and organisation of scienasdatry

« outline the safety and management procedure imceiboratory

Vv

both
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e develop test items for multiple choiceand essay in

integrated
science.

Working Through The Course

To complete this course, you are required to reath study unit of this

study material and read other materials, which beprovided by the

National Open University of Nigeria. déa unit contains self-
assessment exercises for this course and at cpdats in the course

you would be required to submit tutomarked assignments for
assessment purposes. At the end of tbeurse, there is a final
examination. The course should take you aboutah b 17 weeks to

complete. Below you will find listed all the compents of the course,

what you have to do and how you should allocate tioe to each unit

in order to complete the course on time and subdéss

| would advice that you avail yourself the opportyof attending the

tutorial sessions where you will havehet opportunity of comparing
knowledge with your peers.

The Course Materials
Major components of the course are:

1.0 The Course Guide

2.0  Study Units

3.0 References

4.0 Assignments

5.0 Presentation Schedule.

Study Units

There are fourteen study units listed under thredutes in this course.
They are as follows:

Module 1 The Meaning Of Science, Historical Development Of
Integrated Science

Unit 1 The meaning of Integrated science

Unit 2 Historical development of Integrated

Unit 3 Philosophy and objectives of Integrated Science
Unit 4 Justification for teaching Intaggd science

Unit 5 Nature of science

vi
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Module 2 Science Education Curriculum Reforms And How
Students Learn Science

Unit 1 Science education curriculum reforms in Nigeria |

Unit 2 Science education curriculum reforms in Nigeria Il

Unit 3 Psychological theories of learnargl their implications for
science teaching |

Unit 4 Psychological theories of learnargl their implications for

science teaching Il

Module 3 Methods and Techniques of Teaching Integted

Science
Unit 1 Methods of teaching integrated science
Unit 2 Resources for teaching integrated science
Unit 3 Preparation for teaching integrated science
Unit 4 Science laboratory design, safety and management
Unit 5 Evaluation of science teaching and learning witarence

to Integrated science

Each wunit consists of table of contenintroduction, statement
objectives, contents, conclusion, summary, tutotkethassignment and

references. There are activities written at ey@int these activities

will assist you in achieving the stated objectigéthe individual units

and of the course.

Presentation Schedule

Your course materials will give you important dafiesthe early and

timely completion and submission of youfTMAs and for attending
tutorials. You should remember that you are regglito submit all your
assignments by the stipulated time and date. Yould guard against
lagging behind in your work.

Assignment File

There are fourteen assignments in this course.t i$tmne assignment
per unit. These are designed to ensure that \aily tenderstood each
of the units. In this file, you will find all théetails of the works you
must submit to your tutor, for marking. Rememyaur assignments
are as important as the examinations as they wagightings of 30% for
undergraduate.

Assessment

vii

of
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Two major methods will be used to assess the couildee first major

method is through assignments while written exationawill be the

second one. The course material had been prefzaesdist you to do

these assignments. You are also expected use information and
knowledge from the recommended text at the encolfi @nit.  The

assignment will carry 30% of the totamarks for the undergraduate
students. Final examinations of about two houratiton will be written

at the end of the course and this will also ca@$6of the total marks

for the undergraduate students.

Tutor-Marked Assignment (TMAS)

The TMA is a continuous assessment component afgaurse. It
accounts for 30% of the total score. You are meglio submit at least

four (4) TMAs before you are allowedo sit for the end of course

examination. The TMAs would be given to you by yéacilitator and
you are to return them to same as and when due.

Assignment questions for the units in this coursecantained in the
assignment file. You will be able to complete yassignment from the
information and materials contained in your readiagr study units

and, references. However, it is desirable to destnate that you have

read and researched more into other referenceshwiil give you a

wider view point and may provide a deeper undedsteof the subject.

Make sure that each tutor-marked assignment regchedacilitator on
or before the deadline given in the presentatit)edole and assignment
file. If for any reason you cannot complete yowrkvon time, contact
your facilitator before the assignment is due txdss the possibility of
an extension. Extension will not be granted afterdue date.

Final Examination and Grading

The final examination for EDU 740 will be for twotrs duration and

will carry 70% of the total marks forundergraduate students. The
examination will consist of questions, ieth reflect the type of self
testing, practice activities and tutor-marked assignts/problems you

have encountered previously. All areas of the sewill be assessed.

You may wish to form a discussion group of consatéer numbers of
your colleagues and practice or discuss the aesvénd assignments
written in each unit before the examination period.

Course Marking Scheme

viii
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Assessment Category of Scoring Mark
Student
Assignment 1 — 14 3 for undergraduate  Each couots | 30 marks
10

marks 70 marks

Final Examination Undergraduate 100% of
TOTAL course
marks

How To Get The Most From This Course

1)

2)

3)

4)

5)

In distance learning, the study units replace tiiearssity lecture.
This is one of the advantages of distance learnifgu can read
and work through specially designed study mateaaigur own
pace, and at a time and place that suits you Destk of it as if
you are reading the lecture instead of listeninth&lecturer. In
the same way a lecturer might give you some reaidirap, the
study units tell you when and what to read. Youpoyided

with exercises, to do at appropriate points, jssh éecturer might
give his/her student an in-class activity.

Each of the study units follows a common formate Tihst item

is an introduction to the subject matter of thet,uemnd how a

particular unit is integrated with the other uratsl the course as

a whole. Next to this is a set dearning objectives. These
objectives allow you to know what you should beesabl do, by

the time you have completed the unit. These legrabjectives

are meant to guide your study. The moment a ufinished, you

must go back and check whether youvehaachieved the
objectives. If this is made a habithet you will significantly
improve your chances of passing the course.

The main body of the wunit guides yothrough the required
reading from other sources. This will usually biaei from your
references or from a reading section.

Self activities are interspersed throughouhe units, working
through these activities will help you to achielie bbjectives of

the unit and prepare you for the assignments améxhmination.

You should do each self activity as you come to the study

unit.

The following is a practical strategyorf working through the
course. If you run into any trouble, telephone yitior or visit
the study centre nearest to you. Remember thattyton's job is

iX
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to help you. When you need assistance, do notatesd call and
ask your tutor to provide it.

Read this Course Guide thoroughly, it is your firstassignment.

1) Organize a Study Schedule- Design a ut€® Overview to
guide you through the Course. Note the time yoweapected to
spend on each unit and how the assignments reldte wnits.
Important information, e.g. details of your tutdsisand the date
of the first day of the Semester is available atdtudy centre.
You need to gather all the information into onecplasuch as
your diary or a wall calendar. Whatever method gboose to
use, Yyou should decide on and writee our own dates and
schedule of work for each unit.

2) Once you have created your own study scheduleyeiything to
stay faithful to it. The major reason that studdaikis that they
get behind with their course work. If you get inlifficulties with
your schedule, please, let your tutor know before tioo late for
help.

3) Turn to Unit 1, and read the introduction and thgeotives for
the unit.

4) Assemble the study materials. Information abouttwba need
for a unit is given in the ‘Overview’ at the beging of each unit.
You will always need both the study unit you are’kirng on and
one of your text books on your desk at the same.tim

5) Keep an eye on the course information that wilcbetinuously
posted to you. Visit your study centre whenever geed up to
date information.

6) Well before the relevant due dates (about 4 weeksré due
dates), visit your study centre for your next regdiassignment.
Keep in mind that you will learn a lot by doing thgsignment
carefully. They have been designed telph you meet the
objectives of the course and, therefore, will hedp pass the
examination. Submit all assignments not later tih@ndue date.

7) Review the objectives for each study unit to caonfihat you
have achieved them. If you feel unsu@bout any of
the
objectives, review the study materials or consaitntutor. When
you are confident that you have achieved a unlijedaiives, you
X can start on the next unit. Proceed unit by umdaugh the course
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and try to space your study so that you can keepsgtf on
schedule.

8) When vyou have submitted an assignmemt your tutor for
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule. When the Assignment is metlirpay
particular attention to your tutor’'s comments, boththe tutor-
marked assignment form and also the written comsnemthe
assignments, consult your tutor as soon as possyie have
any guestions or problems.

9) After completing the last unit, reviewthe course and prepare
yourself for the final examination. Check that ywave achieved
the unit objectives (listed at the beginning offeanit) and the
course objectives (listed in the Course Guide).

Tutor and Tutorials

Tutorials shall be provided in suppordf this course. You wil be
notified of the dates, times and location of theegerials as well as the

names and phone number of vyour fatwlita as soon as you are
allocated a tutorial group.

Your tutor or facilitator will mark and comment gour assignments,

keep a close watch on your progress @ny difficulties you might
encounter and provide assistance to you duringdhese. Submit your
tutor-marked assignment to your tutor before the diate; at least two

working days are required.  They will be markgdyour tutor and

returned to you as soon as possible.

Do not hesitate to contact your facilitator on pélene, e — mail and

discuss problems if you need assistanceThe following might be
circumstances in which you would find help necessarContact your
facilitator if:

3.0 You do not understand any part of the studisuor the
assigned readings.

4.0 You have difficulty with the self-test or adtiges.

5.0 You have a question or problem with an assignme
with your tutor’'s comment or with the grading of assignment.

You should try your best to attend the tutorialBhis is the only chance
to have face to face contact with ryowcourse facilitator and to ask
guestions which are answered instantly.  You e#erany problem
encountered in the course of your study. To gaiuch benefit from
X1
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course tutorials prepare a question list beforndihg them. You will
learn a lot from participating in active discussion

Summary

EDU 740 intends to introduce you to Subject Methib@stegrated

Science). Upon completing the course, you wilegaipped with basic

knowledge and skills that will place uyoin the status of practicing
integrated science teachers.

Among others, you will be able to answer these kiofdquestions:

6.0 What is the meaning of integrated science?

7.0 What are the justifications for teaching integrategence?

8.0 What are the possible reasons fariense curriculum
reformations in Nigeria at both primary and secondevels?

9.0 How have the psychological theories of learningtgbated to
the teaching of science in our schools?

10.0 Which of the teaching methods will you suggesttif@er teaching
of integrated science in our schools?

11.0 How can you manage the resources in the scienoeglaiy?

12.0 What are the roles of the unit head of sciencens& teacher,
science laboratory technician and attendants?

13.0 How will you assess integrated science practicadas in your
school?

Xii
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MODULE 1 THE MEANING AND HISTORICAL
DEVELOPMENT OF INTEGRATED
SCIENCE

INTRODUCTION

In this module, you will be exposed to the conaddnhtegrated Science.
In the late sixties and early seventies, sevetairgits were made to

improve the teaching of General Sciende schools. One of such
attempts resulted to the introduction of Integreednce at lower level

of secondary education presently referred to amd&@econdary level.

The concern of this module therefore is to exarnttieemeaning and

historical background of the developmerdf Integrated Science
teaching, trace the changes in the objectives ieihSe Education that

have occurred throughout the period arekamine the trends of
continuity which may be revealed in Integrated 8ceeprogrammes in

Nigeria. In view of this, the module one of theter&l is divided into

five (5) units as follows:

Unit 1 Meaning and history of Integrated Science

Unit 2 Historical development of Integrated Science Actbss
Globe

Unit 3 Philosophy and Objectives of Integrated Science

Unit 4 Justification for Teaching Integrated Science ihcx

Unit 5 Nature of Science

UNIT 1 MEANING OF INTEGRATED SCIENCE

CONTENTS

6.0 Introduction
7.0 Objectives
8.0 Main Content
8.1 What s Integrated Science?
8.2 The Concept of Integrated Science
8.3 Characteristics of Integrated Sciencend a Non-
Integrated Science
8.4  Popularity Factors of Integrated Science
9.0 Conclusion
10.0 Summary
11.0 Tutor Marked Assignment
12.0 References/Further Readings
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1.0 INTRODUCTION

In the unit, you will be introduced to various ahfiions of Integrated
Science, the meaning of integration as relateditmse and comparison

of characteristics of Integrated and Non-Integr&ence as well as

the factors that make Integrated Science educatasthwhile not only

in the developed countries but also ithe developing third world
countries.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Define Integrated Science

. Explain the concept of Integration

. Compare in a tabular form the charasties of Integrated
Science and non-Integrated Science

. Mention the popularity factors of Integrated Scenc

3.0 MAIN CONTENT
3.1 Meaning of Integrated Science

In a simple and in general terms, Bajah (1983) sdegrated science as
only a way of teaching science. When scienceuightain such a way as

to present scientific ideas as a unified wholentive say that the ideas

have been integrated.

SELF ASSESSMENT EXERCISE 1
What will you consider as a classical definitionmtegrated Science?

There are many classical definitions of Integrée@nce which you
may find in many advanced books. One of the didims is given here
for your consideration. Bajah (1983) defines gméded Science as an
approach to the teaching of science in which cotscapd principles are
presented so as to express the fundamental undtyiertific thought

and avoid premature or undue stress on the ndigins between the
various scientific fields.

SELF ASSESSMENT EXERCISE 2

Namesix fields in the study of Science.
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There are many fields in the study dfcience. They are astronomy,
biology, chemistry, geology, physics, zoology et€he approach to the

investigation of scientific problems may demandwkisalge in one or

more fields of science. Using an approach theeefidhich does not

emphasize the boundaries between the ouari fields of science is

desirable in the study and teaching dftegrated Science. Hence,
integrated science therefore stresses the fundamenty of science.

SELF ASSESSMENT EXERCISE 3

Mention some advantages that made Integrated Sctersurvive in our
Junior Secondary School Curriculum in Nigeria.

The advantages of integrated have maide possible for Integrated
Science to survive in the curriculum ofmany countries at different
levels. These advantages include:

. the savings in time, personnel and resources whplicdtions
are eliminated,;

. the availability of scientific education for nonespalists

. the satisfaction of the needs of young learnerssehagic differ
from the logic of single subject disciplines

. a more accurate picture of the processes whichibatiesscience

. increased potential for problem solving.

SELF ASSESSMENT EXERCISE 4

What are the difficulties which the inclusion otdgrated Science in our
Junior Secondary School Curriculum faced in thé’pas

Although Integrated Science has survived in theicuium at Junior
Secondary level, it has faced some serious probiertine past. One of

the most outstanding problems in Nigeria is thel@tpate production

of qualified teaching staff for the subject. Tleais had traditionally

been trained in one or two of the science subjec the other hand,
integrated science curricula for schookmbrace biology, chemistry,
earth science, physics and agriculture. Teachersfore feel insecure

to teach aspects of the curricula which are unfamib them. One
innovation in the adequate provision of teachersriegrated science at

the Junior Secondary level is the piovi of an integrated science
education degree for both serving and non-serviggia Certificate of
Education (NCE) Science teachers at wariouniversities in Nigeria
either on full-time or sandwich basis.
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3.2 The Concept Of Integration

d’Arbon  (1972) in his study of the noept of science subjects
secondary schools wrote that “Integrationivhen applied to science
courses, means that the course is devised anchpedsa such a way

that students gain the concept of the fundamenigl of science; the

commonality of approach to problems of a scientifiture; and are

helped to gain an understanding of the role andtion of science in

everyday life, and the world in which they live.

SELF ASSESSMENT EXERCISE 5
Mention the purpose of integration in science.

Integrating principles are intended to produce @®® which:

. is relevant to students needs and experiences
. stresses the fundamental unity of science
. lays adequate foundations for subsequent specalidy and

adds a cultural dimension to science education.

SELF ASSESSMENT EXERCISE 6

Name some integrated disciplines that you know @lsag the subjects
that are involved.

In not too long ago, there has been an increasiegest in integrating

the separate sciences. The move towards integriatnot of course

confined to science. Several areas of the sahwokulum are also

moving towards integration, for instance, the in&ign of Geography,

history etc. to form social studies, olbgy and chemistry to form
biochemistry; geology and physics to form geo-ptysitc. All over the

world, educators and scientists have joined fotogsoduce programs

such as the Biological Sciences Curriculum Study@B), the Chemical

Bond Approach (CBA) and CHEM Study pwg in chemistry,
Physical Science Study Committee (PSSC) and HaReogbct Physics

(HPP) and the Earth Science Curriculuiroject (ESCP). These
programs demonstrate how science disciplines magfresented in

different ways, each project lending Iitseto some form of
interdisciplinary or integrated approach.
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3.3 Characteristics of Integrated Science and Non-Intagted
Science

A critical examination at integrated swe requires a concise
description of its uniqgue aspects indeor to clarify how integrated
science differs from non-integrated science To further support the
above statements, we have attempted to compareomnichist certain
characteristics of integrated science @againthose of non-integrated
science. The table below summaries those chaistater

Table 1.0: Comparison of Characteristics

SINICHARACTERISTICS OF | CHARACTERISTICS OF
INTEGRATED SCIENCE NON-INTEGRATED
SCIENCE

1. | Traditional subject matter | Individual identity of biolopy,
boundaries are completely | chemistry, geography and physigs

removed are visible
2. | The course is organized aroupdhe course is not organized
a selected unifying topic around a topic which unifies th¢

individual subject

3. |The course wusually sefvelse course usually serve
a specialist’s education function

°Z)
QD

4. | general education function | Puplication of topics  are
The sequence tries as much ignavmdable in some cas¢s e.g.
nossible to avoid eIeCtrOIyS|S

> ;Jluplication The course usually lasts for morg
of cantent than three years and is sequentipl

The course usually lasts
for
three years and is sequential

SELF ASSESSMENT EXERCISE 7
What makes integrated science a unique subject?

It is evident from the table of compan of characteristics
integrated science emphasizes organizatioh learning experiences
around a topic/theme. It is likelyhat this unification of concepts
around a theme makes integrated science uniquestlyFthe learning

experiences and concepts of integrated sciencergamized around the

themes “Energy, Life and Matter” whilein some other integrated
science programmes, the concepts are nizggh around the themes
“Matter, Life, Mind and Society”.

SELF ASSESSMENT EXERCISE 8

What is the merit of organizing concepts arounarnbs?

that
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Organising concepts around common themiss a good way of

deliberately removing the subject mater boundari&@be main criticism

against the current integrated science programmiggeria is the fact

that the various subject disciplines nlgmebiology, chemistry and

physics are evident in the various units.  In fabfs been suggested

that what is now regarded as integrated scienae mmore than putting

together topics in biology, chemistry and physics.

3.4 Popularity Factors of Integrated Science

The concept of integrated science has been fulbshed in most

countries of the world. This can be attributedhi® following factors

identified by Haggis and Adey (1979).

. There is a worldwide movement to introduce sciante primary
school education.

. There is a rapid and widespread devetog of integrated
science education at the lower secondary level.

. Integrated Science education is a rapidieveloping and
expanding field.

. Much greater attention is now being dpaito the training and
retraining of teachers for integrated science.

. The scope of integrated science course is how lesitended.

. There is a trend towards greater social relevamaeteégrated
science courses.

. An emphasis is now being placed onvirenmental issues in
integrated science.

. Attempts are being made to inter-relate integratence courses
with other curriculum areas.

. Integrated science courses in science and technelhgcation

are now being developed.

4.0 CONCLUSION

This unit exposed you to the meaning of integrat@dnce as well as
the various positions so far taken in integratimsdience in an attempt
to explain the fundamental unit of science.

5.0 SUMMARY

In this unit, we have learnt that there are maagsital definitions of

integrated science. One of them is given by B&]&83) which defined
integrated science as an approach to the teachsajemce in which
concepts and principles are presented so as tesxfite fundamental

6
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unity of scientific thought and avoid premature amdlue stress on the
distinctions between the various scientifiields. d’Arbon  (1972)
explained the concept of integration in sciencenéan that the course

should be devised and presented to reflect theeptraf fundamental

unity of science.

The unit also discussed the characteristics offaabdity of science and
non-integrated science and favours thataken integrated science
education worthwhile.

6.0 TUTOR -MARKED ASSIGNMENT

1. Advance reasons for the universal actd@gia of Integrated
Science in spite of the skeptical views being esged by subject
specialists.

7.0REFERENCES/FURTHER READINGS
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1.0 INTRODUCTION

The concern of the unit is to examine the histbtbekground of the
development of integrated science teachingace the changes in the
objectives of science education that have occutmexighout the period

and examine the threads of continuityhioclh may be revealed
Integrated Science programmes in Nigeria.

The historical development of integrated sciencesacthe globe will
focus on the following:

. The Development of Specific Science Curricula (187A®00)

. The Nature Study Movement (1890 — 1920)
. Recent Trends (1910 to Present).

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Discuss the historical development of integrataedrne

. List all the integrated science projects embarksahun Nigeria
from the past to the present day

. Discuss the genesis of transforming froBeneral Science

Integrated Science.

in

to
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3.0 MAIN CONTENT

3.1 The Development of Specific Science Curricula
(1870 - 1900)

The thirty years (three decades) following 1870estsed increasing
demand for elementary school science. This irstmgademand grew

out of various factors of economic andocial development which
occurred during the 18th and 19th centuries indude

. The rapid development of science and technolodsuirope and
America and their application to industry and edery life.
. The fruitfulness of the laboratory method in tedogy.

. The increasing need for skilled Ilabowo man the several
developed industries.
. The influence of a new philosophy oéducation which

emphasized pupils’ activity as a natural expressidoiological
development.

SELF ASSESSMENT EXERCISE 1

Generate more to the list of the social and ecoadianefits of the 18th
and 19th centuries.

It was during the periods that special interestigsobegan to turn their

attention to the schools. Attempts were madeitizeitin some cases

distort the sciences to serve their ppses. This distortion was
especially noticeable in connection with narcoéind stimulants and

humanness. The primary objectives of all scigmogrammes were

first hand observation and experience. Experimamtatnd problem-

solving types of activities were beginning to besidered as significant

science teaching techniques. The programmas elementary science
proposed during the last half of th&9th century could not affect
practice, because of the lack of teachers to hahdlprogramme.

3.2 The Nature Study Movement (1890 — 1920)

During this period many science educators in Eurépeerica and parts
of Africa showed great enthusiasm for the introgucof the study of
nature into the school.  The main purpose af thdovement was to
improve agriculture and to overcome the desireaghers’ children to
leave the farm for the city.
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SELF ASSESSMENT EXERCISE 2

Think back to days when Nature Studywas offered in the School.
Could you remember some objectives of this subjddention them.

The objectives of nature study focused on the Iegrof facts for their

own sake. It also emphasized the aesthetic amdlhearning which

might be derived from scientific obserwat Although, the nature
study movement advocated a well-rounded progransiwéimbraced the
natural and physical sciences, in practice, busthgect matter was

very much limited to materials from the biologisalences. This was
probably due to the fact that thosehow were most interested in
introducing nature study into the schools weredbrgpecialists in the
biological sciences. In parts of Africa, repe and America, nature
study still form part of their curriculum but withdifferent name (e.qg.

general science, rural science, hygiene etc.) akpgron the country.

3.3 Recent Trends (1910 to Present)

In the past four and half decades, there have tie@mges in the nature

of science taught in schools.  For instance, seidtad become more

integrated and emphases have been on the prodectopcepts, laws

and theories) and the processes of science, whidersts were both to

understand and frequently to perform.  The decddee 1960’s was

marked by the initiation and development of a largmber of school

science curriculum projects that were iglesd to improve science
programs.

SELF ASSESSMENT EXERCISE 3

List the primary and secondary schookcience curriculum projects
embarked upon in Nigeria in the last three and dedfades.

Several primary and secondary science jegi® such as the African
Primary Science Programme (APSP), Bendel Primaign8e Project

(BPSP), Primary Education Improvement Project (PHEPPoject for Six

Northern States, Ife Six-Year Primary €Bce Project and National
Primary Science Project (NPSSP) started in earR’59 At secondary

school level, we have the Basic Science for NigeeBacondary School
(BSNSS) popularly known as Aiyetoro Scien Project, Nigerian
Integrated Science Project (NISP), Nigerian Secon8ahools Science

Project (NSSSP) and National Science CurriculunBimior Secondary
Schools. All these projects shall be examinedsitaits under Units 1

and 2 in Module 2.

10
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The NISP for example was initiated byhe Science Teachers
Association of Nigeria (STAN) in 1970t albadan, and had as its
director, Professor Akin Osiyale (now inel) of the University of

Lagos. The NISP evolved from the workf curriculum review
committees on separate disciplines of biology, detg physics and
integrated science and follow-up  writingvorkshops. One of the

objectives of NISP was to produce instructionaleriats on integrated
science for use in first and second years of seangrsthool course.

The project clearly represents the efforts of elgoeed science teachers
throughout the country of Nigeria.

SELF ASSESSMENT EXERCISE 4

What are the major criticisms of the General Saeme a subject that
resulted to the change to Integrated Science?

So many years ago, in many countries of the wsdaince courses

were devised that attempted to cover the wholegafgcience in a

balanced way. Such courses were infecief coordinated surveys of
biology, chemistry and physics. Littlevas the real unity in the
presentation of the course and in the examinatidn oTeachers could

not achieve any real integration in their teactdnd teacher-training

courses rarely prepared teachers for a unifiedoggpr to their teaching.

General Science courses were also regarded aspedisial, as an
inadequate base from which to develop higher Iseince courses and
they were allocated too little time by schools awities.

SELF ASSESSMENT EXERCISE 5

How is the concept of integration receiving attentin other school
subjects?

In not too long ago, there has been an increantegdst in integrating

the separate sciences. The move towards integratnot of course

confined to science. Several areas of the sahwokulum are also

moving towards integration, for instance, the in&ign of geography,

history, government etc. to form sociatudies, the integration of
economics, accounting, commerce etc. to form bssistudies.

It is very important to note that the new sciengeiculum projects

developed during the 1960's have theneselvillustrated integration
within  the discipline. For example, nmeod physics courses are no
longer a mixture of light heat andousd, dynamics, electricity and
magnetism, physics itself is unified through majoncepts. Biology is

11
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no longer divided into botany and zoology. Thuogegrated science
teaching is one of the logical steps in our edooati development.

4.0 CONCLUSION

This unit exposed you to the \varioulistorical development of
integrated science with particular reference tattineads of continuity

from development of specific science curricula atune study as the

beginning of science later to Generalciekce and finally Integrated
Science.

5.0 SUMMARY

In this unit, you learnt about the sthrical background of the
development of integrated science frome thdevelopment of specific
science curricula in 1870 — 1900 to the natureysindvement 1890 —

1920 and finally what is regarded as recent tréros 1910 to present

time. The recent trends include when scienceirggltaught as General

Science but later changed to Integrated Scient87a.

6.0 TUTOR-MARKED ASSIGNMENT

What are the problems and prospects iotegration approach to the
teaching of Integrated Science?

7.0 REFERENCES/FURTHER READINGS

Abdullahi, A. (1982). Science Teaching in Nigeioto Press Limited,
llorin.

Bajah, S.T. (1983). Teaching Integrated ied® Creatively. Ibadan,
Ibadan University Press.

Urevbu, A. (1990). Studies in SciencEducation, Methodology of
Science Teaching. Juland Educational PublistBasin-City.
Pp. 141 — 161.
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UNIT 3 PHILOSOPHY AND OBJECTIVES OF
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CONTENTS

1.0 Introduction

2.0 Objectives
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3.1 Integration as a New Strategy
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7.0 References/Further Reading

1.0 INTRODUCTION

The previous two units (1 & 2) tries to examine Wiagious positions so

far taken in “integration” in science in an attertgpexplain the meaning

and partly philosophy of Integrated Science. Timg will therefore be

a continuation of the philosophy of Integrated Sceeas well as the

objectives and development of Integrated SciencEhe focus of the

entire unit shall be on integration aa new strategy, objectives of
integrated science in Nigeria and development ieihee teaching in

Nigerian secondary schools.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Identify the latest strategy at ensuring full int&gpn in science.

. Define a module

. Use diagrams to show all the scientificoncepts used in
illustrating the Modules on Life, EnergyMatter and Society
(LEMS).

. Outline the objectives of Integrated Science.

. Briefly discuss the development of science teachrgigeria
from the days of General Science to the formatioimtegrated
Science.

13
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3.0 MAIN CONTENT
3.1 Integration as a New Strategy

When specialist teachers are confronted with tahehieg of Integrated
Science, there is always the evidence of bias wsvireir own special

discipline. Take for example; a chemistteacher thus treats the
chemistry section of the Integrated Science wiedintthe other sections
on biology and physics. This same enodf treatment of topics s

equally true about the biology or physics spediaiachers.

In view of the unfortunate state of affairs in gated science classes as
stated above, there is the need fon antirely new philosophy and
approach to integrated science.

SELF ASSESSMENT EXERCISE 1
Has the concept of integration passed as illusion?

Although the meaning of integration has been cgfeanderstood, there

is needto devise a means by which theirit spfintegration can be
practicalised in the classroom. Integration stiowdt be restricted to

mere theorizing alone, all hands must be on dechake the theory a

reality and all teachers of integrated science khoear this in mind. In

line with this assertion, Bajah (1981) proposed fmodules to achieve

better integration of science. In proposing theselules, he had his

focus on integration of science by oigmg learning experiences
around ‘theme’ rather than putting togeth of subject matter from
definite disciplines. Based on the unifying themhéntegrated science

i.e. LIFE, ENERGY, MATTER, SOCIETY = ‘LEMS’, he waable to

build up four modules from the general theme.

SELF ASSESSMENT EXERCISE 2
What is a Module?

A module according to Bajah (1981) is defined éssaaning package.

In a module, there could be an iderp of ideas from biology,
chemistry and physics relating to the central theriiée only significant

thing in this approach is the fact that each modslgou will see in not

too long will deal with a theme which can then hatieer sub-concepts.

Any teacher who takes up a module will find it h&mdsolate certain

areas as belonging to some subject discipline Isecdne central theme

will always remain. The four modules develope®ayah (1981) are

shown in Fig. 3.1 — 3.4.

14
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Society and life pollution and its effects

Air and wate Living matter/non-living matter
necessary for fe /
LIFE
Force at WOI’W
and energy /

Plants an their habitats

Growth and Reproduction

Health, disease and the environment
Fig. 3.1

Energy and Society demands

Kinds of Ener
%\ Sources of Energy Force and work

ENERGY /
Food ane‘fe/

\A Simple machine and
Mechanical advantage

Energy wastes
Energy and ptdhts

Fig. 3.2
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Basic substance

Behaviour of Classification
'\ / Living and non-living

Storage of MATTER
Energy 44— Variety
>
\ Natural
Man Af&de
Fig. 3.3

Control Science

Industrialization

Energy consumption \ / Nature —Urban / Rural

SOCIETY
Environmental /
Education
nvironmental Control
Applied Scientists Pure scientists
Products Research
\4

Controlled by

Science

Fig. 3.4

He also-went further by proposing-a “flowchart”iafiashould begin

with Living matter, the Environment and Noring matter and the
interdependence of related concepts on one anothezombination of

these culminated into the three basic themes dE]| BFNERGY and

MATTER. The relationship between science andetgaan also be
incorporated. An approach like this wikeep an integrated science
teacher abreast of the full meaning and tenetstegration in sciences.

3.2 Objectives of Integrated Science in Nigeria

Objectives of Integrated Science in Nigerare based on relevant
portions of the National Policy on Education ag/thedate to science

16
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education in general and, to integrated sciengarhcular. Itis clear
from the National Policy that secondary educatgaxpected to be:
() preparation for useful living within the sogretand

(i)  preparation for higher education.

Government plans that secondary education shoutd 6e/ear duration
and be given in two stages, a juni@econdary stage and a senior
secondary school stage; each being of three yesasi@h. The junior
secondary school will be both pre-vocational aretamic, it will be

free as soon as possible and will teach all thesabjects which will

enable pupils to acquire further knowledge and lbgvskills. Students

who leave school at the junior high school stagg than go on to an
apprenticeship system or some other seheror out-of-school
vocational training.

SELF ASSESSMENT EXERCISE 3

What do you consider as the essence of an IntegBatience to your
students?

Whatever science programme is developeor fthe Junior Secondary
Schools, it must take into consideratiothe above specific national
education objectives which emphasize fldéigfp of the science
programme such that it can be applicable to atispafrthe country and

for a considerable length of time.

Based on the above guiding principles, it was abjtkat the essence of
an integrated science course is to rbegio teach the students what
science is and how a scientist works.

Thus, the objectives of integrated satencare aimed at enabling the
student who is exposed to it acquire the followskdls:

. observing carefully and thoroughly

. reporting completely and accurately what is obsgrve

. organizing information acquired

. generalizing on the basis of acquired information

. predicting as a result of the generalizations

. designing experiments (including controls vehe necessary)
check predictions

. using models to explain phenomena where appropriate

. continuing the process of inquiry when new datandibconform

to prediction.
17
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3.3 Development of Science Teaching in Nigerian Seconga
Schools

The teaching of science in Nigerian secondary dehdemtes back to

1878, Taiwo (1975). It started as general scieimdater disintegrated

into the three basic core science sibje biology, chemistry and
physics.

SELF ASSESSMENT EXERCISE 4

What are the causes of the lack of uniformity ercténg of science in
the past?

Because of the scarcity of trained science teadretsesources for
science teaching, there was lack of uniformitydiesce teaching in our
schools. Some schools were offering General Seierich consisted
of biology, chemistry and physics. The other stftiad adopted a
single approach to science teaching. The schbatsiere offering it as
three separate subjects taught General Sciencbasacourse leading
to the School Certificate level while the otherecatry taught General
Science at the lower forms and in the senior ctasse

The concept of General Science as a subject téfé¥ed up to the

School Certificate level has its histatic source from Britain whose

educational system we inherited, Abdullahi (1981).

SELF ASSESSMENT EXERCISE 5

Outline the objectives of General Science courgeuatished by British
Association Policy paper on General Science in 8isho

The British Association Policy paper orGeneral Science in  schools

argued that as much as the knowledge of@ken&cience forms an
essential part of a liberal education it shouldaagyht in all secondary
schools. The course was designed to achieve Hogving objectives:

. For developing in the child certain attitudes akilsssuch as
accurate observation, logical reasoning ard desire
experiment.

. General Science would deal with everyday applicatibscience.

. General Science should show the unity of scientterahan the

compartmentalization of science into separate jpliseis such as

biology, chemistry and physics.
18

to



EDU 740 SUBJECT METHODS (INTEGRATED SCIENCE) FOR DERGRADUATE

By 1950 most secondary schools in Nigerwere offering General
Science in one form or another but the generatltveas to offer it as a

single subject up to the School Certificate Exannimapartly because of

the dearth of science teachers in single subjecisaand mostly because

of the lack of resources needed to teach basiosEseup to School

Certificate level.

SELF ASSESSMENT EXERCISE 6

What are the causes of the failure of General $ei@mNigeria by the
mid-1950s?

By the mid-1950s, the teaching of General Scienddigerian schools
began to experience a failure for the followingsiaes:

. Students who had successfully completeadho8 Certificate
courses could not be easily acceptedo inthe Higher School
Certificate courses introduced in 1951 tstudy biology,
chemistry and physics except the few ones thadisohction in
the General Science.

. General Science at the School Certificate level segn to be
less demanding than any two single exibji.e. biology and
chemistry or chemistry and physics not only in¢bgerage but
also less demanding intellectually.

. The teachers often taught the topics in which phessess the
knowledge and skills. Hence, in somschools it was
uncommon to find three teachers assigned to the szeneral
Science course.

During the same time, ie. mid-1950s, osm secondary schools had
returned to the science education pattewith a two-tier approach.
General Science was taught during the first twoy/gmevery student in

a five year secondary education programme. Stadeptthen allowed

to specialize during the last three years so tiedd who desire careers

in science could choose two or the three basiaise®depending on

their abilities.

In order to popularize science in the schools,re@deachers all over
the country met on 30th November, 1950 inaugurate the Science
Teachers Association of Nigeria (STAN). This asstan championed
the successful introduction of Integrate8cience into the Nigerian
educational system in 1971, as a form of sciend®ttaught to students
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at the junior secondary school level. The sufcésmtroduction of
integrated science into the junior formeesulted in a shift in the
objectives and methods of science teaching in ecorsdary schools.

The STAN integrated science project was concernigdtie teaching
of science through inquiry and discovery approacWwhich students
come to understand and to develop science conbgptvestigating
and experimenting on their own.

4.0 CONCLUSION

This unit exposed you to know more about the concemtegration
and how it can be evidenced in the classroom.alstt examined the

objectives of integrated science in Nigeria as asltlevelopment of
science teaching in our schools.
5.0 SUMMARY

In this unit, you learnt about the following:

- Four modules proposed by Bajah (19819 #&chieve better
integration of science are: Life, Energy, Matted &ociety.

- Module is defined by Bajah (1981) as a learning<pge.

- The objectives of integrated science must takedntwsideration
the national education objectives.

- That the Science Teachers Association Nigeria (STAN)
championed the introduction of integratedcience into the
Nigerian Educational System in 1971.

6.0 TUTOR-MARKED ASSIGNMENT

Differentiate between the objectives of GeneraéBce and Integrated
Science in Nigeria.

7.0 REFERENCES/FURTHER READINGS
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1.0 INTRODUCTION

In the previous three units, you were treated ¢ortieaning, historical
development and philosophy of integrated scientethis unit, you will

be exposed to the rationale for teaching integratéehce in Nigerian

schools. In an attempt to justify the inclusidnntegrated science in

the school curriculum, attempt would benade at providing some
information on why teaching integrated sciencegotiyes for teaching
integrated science in Nigerian schools, the rofésarhers in teaching

the subject and the objectives of training integptedcience teachers.

2.0 OBJECTIVES

After studying this unit, you will be able to:

. Outline the reasons for teaching integrated science

. State the roles of integrated scienceachliers in achieving the
objectives for teaching integrated science;

. Outline the rationale for extending théeaching of integrated
science beyond the first three years Becondary school in
Nigeria.
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3.0 MAIN CONTENT
3.1 Why teaching Integrated Science

Several reasons can be given for teaching intedysatience in Nigerian
schools. Such reasons are as follows:

(1) The search for unity in Science

From pedagogical standpoint, integration of thadosssience minimizes
fragmentation of learning and links together basientific information.

Integrated science teaching also ensures acadeatibibhg experience

in science in which the subject mattdsoundaries between various
scientific disciplines (e.g. biology, chemistry gpiaysics) are dissolved

in favour of broad ideas that transcend all thecbssences. It also

expresses the fundamental wunity of siient thought and avoids
premature specialization in the sciences.

SELF ASSESSMENT EXERCISE 1
Discuss other advantages accruing from integratieshce.

Integrated science is geared to cater for all Ew@éhbility in children
who are all potentially useful citizens of tomorrowWith integrated
science, those students who are weak in scienceamubt continue in
school will have had an exposure to science whachtopefully assist
them to contribute intelligently in the technicadjricultural and other
sectors of the nation.

(i)  National Development

Development, according to Abubakar (1969), is agemprocess and

science is clearly a part of it. Science becomés/ant to development

only when people realize its importanc® their lives, and develop
positive attitudes towards science as a develophtoul.

SELF ASSESSMENT EXERCISE 2
What purposes should integrated science servetionahdevelopment?

Integrated science teaching should treat intenastitween scientific
research and the agricultural, technological améhsproblems which
arise in the developing Vvillage, the owing city and the emerging
nation. Integrated science is a good beginniagtdkes inherently a
wider view of what science can do.
23
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(i)  Psychological Reasons

Psychological reasons have also been nadda for the continuing
emphasis on integrated science. The integrateshaph seems to be

more consistent with the child’s way of lookingaaitd reacting to the

world. For example, “a child may be looking aeanbn as biological
specimen. It can next proceed to use it to produeenon battery, float

the lemon on water and then taste the juice. Tésrding to Balogun
(1978), the child might within a lesson span sejgasaience without

knowing that he is doing so.

Also, it is highly probable that an integrated aygwh to science would
enhance transfer of learning by giving the childenostance to use the
concepts and principles learned in ordiscipline in another related
discipline.

3.2 Role of Teachers in the Teaching of Integrated Saiee

To adopt an integrated approach in the teachingtegrated science is

a big task. We have already established thatrated science involves
presentation of scientific ideas as a unified wholehis calls for a wide

range of knowledge in the field of science. Thagslnot infer that you

have to be a specialist in all fields of sciencg&cientific knowledge can

be obtained through consultation with c&gests and wide range of
scientific texts.  Integrated science encouragesdacher to find out

about things.

Knowledge is not static, hence theackher continues to search for

scientific knowledge by reading other science tegits, journals and
magazines, as well as consulting with specialistsa@her teachers.

Science in whatever form involves a continuousde#or explanations
of phenomenon in nature. The teacher needs t@agipiscience as a
human activity.

Other roles of the integrated science teacher digclu

. Using simple and locally available materials faarilio teachers
and pupils alike in teaching the subject.
. As much as possible, minimize the usd# costly and

sophisticated  scientific apparatus which uldo be beyond the
reach of most of the schools and teachers.
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. Integrated science teacher needs to cultivatedbé of seeing
the subject as an approach of investigation ofreatuthin his or
her environment.

. Ecological approach should be employed the teaching of
integrated science.

. He must possess the ability to learn along withstihdents being
taught.

On a general note, any would-be integratezhse teacher must be
prepared to put in his best in terms of time arfidref

SELF ASSESSMENT EXERCISE 3

What are the roles of the teacher in promotingehets of integrated
science?

3.3  Objectives for Teaching Integrated Science

There are a number of reasons thatoumt for teaching integrated
science to students. Basically, the primary reaswld be to prepare

the students to pass a prescribed examinatioraddition to passing the

prescribed examination, other long termbjectives for teaching
integrated science include:

() to develop students’ ability to observe;

(i) to train the students how to tackle or proffeplarations of
some observations and occurrences in their envieotim

(i)  to direct the attention of the learners todsmatters which are
significant to them and the society to which thejong;

(iv)  to continue the process of science concegding for acquiring
a science vocabulary;

(v)  to prepare student to face future challenges ehsific nature in
his school career;

(vi) to make students well informed and scientificéiterate;

(vi)to enable students acquire and destrate the intellectual
competence and professional skills necessary éoteiching of
integrated science in primary and junior secondahpols as in
inquiry based subiject;

(viii) develop in students the ability to impartda@ncourage in their
pupils the spirit of inquiry into living and nonvlng things in the
environment;

(ix) to develop the ability and motivation in st in working and
thinking in an independent manner;
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(xX)  to enable students carryout scientific investiigns, emphasizing
cooperation, development of appropriate sciencegsses and
skills;

(xi)  to improve students’ written and oral commuation skills;

(xi)to develop in students ability tosolve problems of scientific
nature;

(xiii) to create in the mind of students a cleaderstanding of the
nature of science, of its role in twnporary society, of its
potential and its limitations as a guide to action;

(xiv) to teach students to be responsible citizerthemselves, to their
fellow men and to the whole biosphere;

(xv) to produce people who have learnt hew learn and are  still
willing to learn;

(xvi) to identify and foster those who have thegmbial to carry special
responsibilities in science and sciencateel fields of human
endeavour — i.e. the scientists, engineers anaitahs.

3.4 Objectives for Training Integrated Science Teachers

In preparing teachers of integrated gmen the following are the
principal objectives:

(1) to instill in students a commonality of approactptoblems of
scientific nature i.e. the scientific method;

(i)  to enable students gain the concept of thelfumental unity of
science;

(iif)  increasing students’ understanding of thele and function of
science in everyday life and in the world in whibby live in

4.0 CONCLUSION

In this unit, you have been exposed to the reafwrike teaching of

integrated science including the roles of the teexfor promoting the
tenets of integrated science.

5.0 SUMMARY
In this unit, you have learnt about the following:

- that the reasons for teaching integratetience in Nigerian

schools are:
. the search for unity in science
. national development
. psychological reasons.
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- the basic objective for the teaching of integratei@nce is to
express the fundamental unity of science;

- that in order to disseminate scientifiknowledge, through the
integrated approach, the teacher has a centralagkay;

- that, an integrated science teacher must be prépareork hard
in order to be able to cope with thbig task of teaching the

subject.
6.0 TUTOR-MARKED ASSIGNMENT
1. Outline the main objectives of teaching integrageigénce.
2. What are the rationales for training integrate@sce teachers?
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UNIT 5 THE NATURE OF SCIENCE
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Nature of Science
3.2  Scientific Concept
3.3  Scientific Theory
3.4  Scientific Law

4.0 Conclusion

5.0 Summary

6.0 Tutor - Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In units 1 and 4, you learnt about the meaninghitedn(s) of science
and the justification for teaching science respetyi In this unit, we
shall further extend the ideas of those two unjttobking at the nature

of science. What exactly is the true spirit okscie?

SELF ASSESSMENT EXERCISE 1

Science has been said to mean different thinggfeyeht people. What
do you suppose should be the true nature of sctence

2.0 OBJECTIVES

After studying this unit, you should be able to:

. List the processes or methods of science;

. List and explain the attitudes of scientists oestific attitudes;
. List and explain the products of science;

. Explain the nature of science.

3.0 MAIN CONTENT

3.1 The Nature of Science

A major goal of science is to understand the warttlind us. How do

scientists go about understanding the mysteriesioworld? Like good
detectives, they use special methods or processesigr to science
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alone to determine the “truths and facts” aboutimeatwhich constitute
the major products of science.

The methods or processes of science are self-tioigeself-evaluating

and independent of the people or event on whomabpeyate. They
include:

. identifying problem

. observation
. hypothesizing / prediction
. analyzing
. inferring
. extrapolating
. synthesizing
. evaluating
. classifying
. measuring
describing

experimenting

asking insightful questions

formulating problems

designing experiments

constructing laws, principles and generalizati@ts,

These form the basis of what is referred to astientific method or
process.

In addition, the scientific enterprise as a human endeavour entails
some personal way(s) of exploring or knowing asstitientific attitudes

or attitudes of science. These aree tlbeliefs, values, qualities and
opinions held in awe by scientists, which keepeably maintain the

spirit of the scientific enterprise as an unfindhoeisiness and also self-
correcting. They include among others:

- suspending judgement until enough data is collected

- objectivity while collecting, analyzing, @&wuating and
interpreting data;

- intense curiosity by being fascinated hwitthe world around
him/her,

- humility and skepticism (being free from pride ardogance as
well as taking everything with a pinch of salt);

- tenacity by thinking positively about failure andtmiving up
very easily;

- open-mindedness — free from prejudice and perdmasés;
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- strong determination;

- honesty;

- asking questions (divergent and convergent) — guressof what,
how, when, where and why?

The products of science are not necdgsathe finished goods and
services derived from the application dhe knowledge of science.
Rather they constitute mainly of the oktedge, concepts, models,
generalizations, algorithms, principles, tes laws, etc. which are
used for creating further scientific kredge. While the scientific
methods are systematic and tend to be static,rdtipts of science are

dynamic and generative depending on the extenataf available at

anytime.

On the other hand, the nature of science are teosities or elements
which  makes science what it is. Thuscience is organized into a
system in which there are linkages between the exi¢sn

The nature of science is described using the theise elements of
science as follows:

(1) the processes or methods of science;
(i)  the products of science;
(i)  the human attitudes of science.

Thus, in investigating a phenomenon or event, sifieprocesses are

used to gather data while the products of sciemdgl be applied in

analysis and interpretation. However, the huntitudes of science

must remain in focus at any point of the investayat Applying the

methods and attitudes of science lead 0 new scientific products,
which are subsumed under the old ones.

SELF ASSESSMENT EXERCISE 2

How are concepts, laws, theories and principlesedf?

3.2 Scientific Concept

A concept can be defined as a word, group of wdadiel or symbol
which defines the regularity perceived in eventsegord of events or
phenomenon. There are two types of concepts:

(1) concrete or empirical concepts;

(i)  abstract or theoretical concepts.
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Concrete concepts are observable, dembhstraand may be defined
operationally. They are easy to measureExamples include plant,
volume, density, mass, temperature, table, stdoe, Abstract concepts

are non-observable and cannot be perceived or mezhsua simple

direct way. Examples include atoms, moleculestelas, genes, field,

force, etc.

All concepts can be taught at any level dependmthe teacher and the

background of those to be taught nretatito the level of mastery
expected.

SELF ASSESSMENT EXERCISE 3
What is a scientific theory? Give any three sdfentheories you know.

3.3 Scientific Theory

Scientists use the ‘facts’ or concepthey have gathered to propose
explanations for observed events or phenomenonen €rperiments are
performed to test their explanations.  After sindythe facts; making
observations and performing experiments,ientists may develop a
theory.

A theory is a logical explanation for events, whadtur in nature based

on facts, observations or experimentation. Itp®werful, time-tested

idea or group of ideas that makes useful and degi@agbredictions

about our natural world. A theory mustindergo series of
experimentation and testing.  If it survives tests$, the theory may
become accepted by the scientific community. Hcawea theory could

be wrong and therefore change after additionas testservations and

data. Examples of theories in science includedpa atomic theory,

the Kinetic theory of matter, theory of evolutidgheory of relativity,

etc.

SELF ASSESSMENT EXERCISE 4

What is the difference between a scientific theaorgl law?  Use any
two examples as illustration.

3.4 Scientific Law

When a theory survives many tests afmbcomes accepted as true,
scientists then call it a law. A law is a statetrifrwhat happens or will
happen under certain given initial conditions. r &statement to be
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regarded as a scientific law, it must express @istency or uniformity
among observations of natural phenomena and musiventhe use of

concepts. Examples of law of sciencecluge—Newton's law of
universal gravitation:

- Charles and Boyle’s laws
- Hooke’s law

- Ohm’s law

- Medelev’s law, etc.

As with theories, scientific laws mayhaoge as new information
provided or new experiments performed. This pamiiswhat is known

to cement, the spirit of science, which is alwasisrag mind bugging

questions and seeking further and new explanations.

4.0 CONCLUSION

Science though meaning different things tifferent scientists has a
single focus i.e. to unravel the myser of nature using the same

“tools” and “methods”. The processes dfcience because they are
dependable make the investigations of eme& replicable. Thus, we
have developed what is now known and referred thascientific

method which is applicable now in alfields of knowledge. This

comprises of the following steps:

. identifying/recognizing a problem;

. collecting relevant information/data;

. formulating hypothesis;

. conducting/performing experiment;

. recording, analyzing and deducing from data;
. Drawing/stating a conclusion.

These also form the method of science and togetiteithe attitudes of
science the products of science are obtained. piideesses, attitudes
and products of science combine to give scienaesitsre.

5.0 SUMMARY

In this unit, we have discussed the thods or processes of science
known as the scientific method; the itdes which enable these
processes to remain what they are as well as ttpts of science.

The “truths” or “facts” of science oftoday may not be accepted

tomorrow as more experiments and obsemsti are carried out and
more data obtained. Hence, the scientific enteeps not necessarily a
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finished business. This is because as more émotsge, new questions
are raised and new explanations and products affefed.

6.0 TUTOR-MARKED ASSIGNMENT

(&) What is the nature of Science?

(b)  Discuss briefly how the nature of Science @ydrthe spirit of
the scientific enterprise.

(c) What do you wunderstand by the scientifimethod? Briefly
discuss it.
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MODULE 2 SCIENCE EDUCATION CURRICULUM
REFORMS AND HOW STUDENTS
LEARN SCIENCE

INTRODUCTION

The dynamic nature of science education in the dvioals resulted to
constant revisiting or reformation in the curriaultio cope with the

changing world of science and technology. In Nigescience education

at all levels as in the past andespntly is facing serious problems
emanating from poor achievement, low enrolmentlicieg popularity

etc. In order to check these problems, scienaeatbn curriculum

experts embark on regular reformation of the cudm. Some efforts

made in the past resulted to variossience education curriculum
projects at both primary and secondary school ¢&velin this module

two, you will be exposed to the development of seeience education
curriculum and science education packages.

This module also discussed psychologicedtionales essential for
answering such question as “:when can the sciemoeepts be taught”?

This question has to do with how setid learn science. How are
concepts formed in the human mind? What are tiemee concepts that

you hope to encourage your students develop? Cognitive
psychologists such as David, P. Ausubelerome Brunner, Robert
Gagne and Jean Piaget, have attempted ptovide answers to these
guestions as well as impacts on cuumou development and the
methodology of science teaching at both primary sewmbndary school

levels. So this module is divided into four uratsfollows:

Unit 1 Science Education Curriculum Reforms in Nigeria |

Unit 2 Science Education Curriculum Reforms in Nigeria |l

Unit 3 Psychological theories of learning and their imgtilcns
for Science Teaching |

Unit 4 Psychological theories of learning and their imgtilcns

for Science Teaching Il
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UNIT 1 SCIENCE EDUCATION CURRICULUM
REFORMS IN NIGERIA |

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Science Curriculum Development
3.1.1 University of Nigeria Primary SciencePilot
Scheme
3.1.2 The African Primary Science Project (APSP)
3.1.3 Bendel State Primary Science Project (BPSP)
3.141Ife Six Year Yoruba Language PriynarScience
Project
3.1.5The Primary Education Improvement jd&ub
(PEIP)
3.1.6 Ondo State Primary Science Project
4.0 Conclusion
5.0 Summary
6.0  Tutor - Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit introduces you to curriculum reform ineswe education and
some primary science curriculum projects embarkmmhun Nigeria.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. advance reasons for a reform in the science clungu

. list some primary science curriculum projects;

. list the financiers of each of the primary projects

. mention the dates when each of the projects waate;

. mention the focus of each of the projects;

. list the curriculum materials produced r foexecution of
projects.
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3.0 MAIN CONTENT
3.1 Science Curriculum Development

The sudden launching into space of the satellpatfsk” by the Soviet
Union sparked off science curriculum depement efforts in the
western world.  This led to the awareness as dsgae need to re-
examine the school science curricula, objectivestent and evaluation.

In Nigeria, a lot of external influences and foremurricula motivated

many of the curriculum innovations in science atphimary school

level. Some of the foreign curricula are Elemgng&tudy of Science

(ESS) of 1960, Science — A Process Approach (SARAP62; Science

Education for Africa Project (SEAP) 0f1970; Science Teacher
Education Project (STEP) of 1970 etc. Becausbeasd influences and

the historic National Curriculum Conferencdeld in 1969 spurred
various bodies including government agesicido develop science
curricula for both primary and secondary leveleddication.

SELF ASSESSMENT EXERCISE 1

Mention some of the primary science curriculum ect§ development

in Nigeria.

Notable among the developed primary science pope as follows:
. University of Nigeria Primary Science Pilot Scheme;

. African Primary Science Project (APSP);
. Bendel State of Nigeria Primary Science Project§BJ

. Ife Six Year Yoruba Language Primary Science Ptpjec
. The Primary Education Improvement Project (PEIP);
. Ondo State Primary Science Project;

. National Primary School Science Project (NPSSP).

3.1.1 University of Nigeria Primary Science Pilot 8heme.

This project is the first Nigeria Primary Sciencer@ulum project in
Nigeria began at the University of Nigeria, Nsultkahe then Eastern
part of Nigeria as a pilot scheme in 1963. Theeste was jointly
sponsored by the Faculty of Education, Universiti¥igeria and the

Ford Foundation.
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The focus of the scheme was on localaterials and
equipment such as the use of jam-jars, bamboo stopes, bamboo
cages etc. in the teaching of primary science.

SELF ASSESSMENT EXERCISE 2
Who was the initiator of this scheme?

This project, which came into being through PradbB Fafunwa placed
emphasis on pupils’ practical activities.

3.1.2 The African Primary Science Project (APSP)

The APSP is another earliest curriculum innovagixgect in science at
primary school level. It was launched in Kanoamdary, 1965. The

improvised

project was sponsored materially and raialy by United States

Agency for International Development (USAID), Fdfdundation of
America and the Education Development t@en (EDC) of
Massachusetts. The programme was later refesras the Science
Education Project for Africa (SEPA).

SELF ASSESSMENT EXERCISE 3
What is the main focus of SEPA?

The purpose of the project was to create in thieliem, the spirit of
inquiry, a sense of curiosity and to develop imirtae skills, techniques
and mental attitudes to satisfy the inquiry spirit.

About 25,000 copies of printed materials consistihgupils books and
Teachers Guide covering over 30 topics were seNidgeria from APSP
headquarters in Accra from 1965 to 1970. Thesdgmtimaterials and
educational films were distributed to teachers tgostLagos schools.

The teachers’ guide was in booklet form It was divided into
sections. Book one was for the lower primary @dasand book two was

for the upper primary classes. Also printed was“@hild Observation
Checklist” used in evaluation of child learning.

3.1.3 Bendel State Primary Science Project (BPSP)

The BPSP which started in Benin-city in 1966 wast ftalled Mid-
western State Primary Science project and latearbedknown as the
Bendel State Primary project. The project wasaled by the State

Ministry of Education. It was jointlyfinanced by United Nations

Educational, Scientific and Cultural Organisat (UNESCO), United
37
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Nations Children’s Fund (UNICEF), United\ations Development
Programme (UNDP) and the Government of the formigi-\estern
State of Nigeria.

SELF ASSESSMENT EXERCISE 4

What is the focus of BPSP?

The general purpose of the project tee development of primary
science curriculum and the training of teachete&ch primary science.

The project was designed to be chilobesl with the aims of
developing in the child the mind of inquiry, setirdidence and self-

reliance through problem-solving.

The developer of the project in 197produced a series of pupils

textbooks called “Science is Discovery’ogéther with the Teachers’
Guide.

3.1.4 Ife Six Year Yoruba Language Primary SciencBroject

This project was part of an enlargedle Six Years Yoruba Primary
project initiated in 1970 at the University of li@der the chairmanship

of Prof. Aliu Babatunde Fafunwa, thenDirector of the Institute of
Education of the University.

Some of the overall objectives of this project were

. To develop a primary education curriculunwith a strong
surrender value since primary educatios terminal for many
Nigerian children.

. To develop materials, together with appropriatenoeodlogy for
teaching the prepared curriculum effectively.

. To use Yoruba language as the medium of instru¢hiorughout,
in order to demonstrate that the primary instrugtiwwhen given
in the child’s mother tongue rather than in a seoconforeign
language, is more effective and meaningful.

The revised aims and objectives of the projects are

. The project was to organize writing Wslrops for the
development and evaluation of curriculum materials

. The project was to develop materials thwi appropriate
methodology for teaching and learning the prepatgdculum
effectively.
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. Curriculum materials were to be developed in botinuba and
English.
SELF ASSESSMENT EXERCISE 5

Suggest other subjects apart from science thairthject was designed
to use mother tongue to teach.

The project generally was designed to exploit the of mother tongue
(Yoruba) in the teaching and learning of the ungtetl primary school
subjects:

. English Language

. Mathematics

. Elementary Science

. Religious Knowledge (Christian / Muslim)
. Agricultural Science

. Physical Education

Social Studies

Cultural and Creative Arts
Family living

Yoruba.

The project was supported /financially byhe Ford Foundations
America and former Western State Ministry of Edigsat The main

objective of the project according to Fafunwa (1)9w&s “to develop a

primary education for the child and make him aeliigent citizen of

this country”.

The writing group of the curriculum developmentritedid a lot of work

as the group had to battle with writing sciencecemt in Yoruba as

none of the group members learnt or taught scien¥®ruba language

before. The group therefore set up a “Lexical Caites’ to select the

right choice of words and concepts thatould correctly express in
Yoruba for those scientific concepts anexpressions not easily
identifiable with local Yoruba language.

SELF ASSESSMENT EXERCISE 6

Mention the materials produced to execute thisgatoj
The materials produced are “Sayensi” for primansses Books 1 to 6
both teachers’ guide and pupils text. So alsagheher manuals.

Some of the problems encountered with the projecrew
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. absence of the equivalence of some nsfie terms such as
sodium, iron, lead etc.

. finding a commonly acceptable word fronpossible list of
varying dialects.

. The problem of proceeding to higher tiiodons of learning
where no such programme may be providéor was
very

. prominent.

Mobility of the local labour produced was restritte

3.1.5 The Primary Education Improvement Project (PHEP)

The PEIP was initiated in 1970 at the Instituté&dtication, Ahmadu
Bello University, Zaria. The project was jointlgansored and financed
by the then six Northern States of Nigeria, UNESOQJCEF, USAID

and the British Council. The projecvas formerly called
UNICEF/UNESCO assisted project but later calledRREI

SELF ASSESSMENT EXERCISE 7
What is the aim of this project?

The project is aimed at making children think anatlg science like the
scientists, hence it adopted the philosophy ofAmerican Association

for the Advancement of Science (AAAS)rogesses and skills for
achieving this aim, with emphasis on the followprgcess of science

such as observing; measuring; classifying; usingbers; manipulating;
communicating; predicting; inferring; integting; formulating;
hypothesizing and experimenting.

SELF ASSESSMENT EXERCISE 8
Does this project have materials produced forxecation?

The curriculum materials produced for the projeeteva series of pupils

textbooks (Books 1 to 6), Workbooks antbachers’ guide which
provides detailed information for the deer to carryout science
activities which must have been specified in thpilgutext.

3.1.6 Ondo State Primary Science Project

The project was initiated in 1974 by former West8tate of Nigeria.

But later continued in Ondo State after the creatibstates in 1976.

The project drew its inspiration fromhet outcome of the APSP
workshop.
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SELF ASSESSMENT EXERCISE 9

What is the purpose of this project?
The main purpose for the project wa® produce a child-centred
curriculum with an investigative approach.

The curriculum materials produced for the projeetevpupils textbooks
and teacher’s guide. But the teacher’s guide wasompleted for all
the classes before the creation of states in 1976.

SELF ASSESSMENT EXERCISE 10
What is the general purpose of this project?

The concern and effort to improve coordinate angdlaize the quality
of science taught at the primary school level tethe idea of having a
core-curriculum  for primary school science. So the NPSSP was

developed in order to rectify some m@uhacies found in the core-

curriculum.  Thus, the general purpose of theqmtojvas to provide

guidelines for meaningful action to make educaiioNigeria a true

instrument for the reconstruction of ousociety and to achieve the
development of National Capacities in support diamalism, social,

scientific, technological and economic development.

SELF ASSESSMENT EXERCISE 11

Could you name the approaches recommended foedohing of this
project?

A combination of approaches were recommended fotaaching of the

project which are processes, conceptual, themaficapect approach

and the guided discovery approach that involvesttieity of the child.

This was made to run through the entire project.

The materials produced for the executioof the project include the
followings:

. Textbook on Integrated Primary Science for Prinfacihools;
. Teachers’ Guide;

. National Primary Science and Mathematics Project;

. Syllabus and teaching materials;

. Apparatus / equipment for teaching;

. A project Newsletter and kits.
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4.0 CONCLUSION

This unit examined the details of thecience curriculum innovative
projects undertaken at the primary school levéNiigperia.

5.0 SUMMARY

In this unit, you leant that:

. external influences and foreign curricula motivateahy of the
curriculum innovations in science at primary schewkl.

. Notable among the developed primary s@Eenprojects in
Nigeria.

. University of Nigeria Primary Science Pilot Scheme

. African Primary Science Project

. Bendel State Primary Science project

. Ife Six Year Yoruba Language Primary Science Ptojec

. The Primary Education Improvement Project

. Ondo State Primary Science Project

National Primary School Science Project.

6.0 TUTOR-MARKED ASSIGNMENT

Enumerate the overall objectives of IfSix Year Yoruba Language

Primary Science Project as well as revised aimsohjettives of the
project after the writing workshops org&d by Curriculum
Development experts.
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1.0 INTRODUCTION

The content of Science Curriculum existing in oecandary schools
before and after independence in 1960 did not deenough learning
experiences for students to become useful to tbietyo The curriculum

was intended for the Cambridge Universithy West African
Examinations Council (WAEC) and was designed piiyrtia satisfy the
requirements of its external examinations in s@enc

The poor state of the type of curriculum in theeaces gave a lot of
concern to Science Teachers Association of Nig&TéAN) and WAEC
in 1968 who jointly examined and revised the ergyllabi in science.

Efforts made by some curriculum agensuch as STAN, WAEC,
NERDC (Nigerian Educational Research aridevelopment Council)
and CESAC (Comparative Education Studyd amAdaptation Centre)
resulted in the following science curriculum prageandertaken at the
secondary school level.

Therefore, this unit focuses on the loleing secondary science
curriculum projects:

)] The Basic Science for Nigerian Secondary SchodBNSS);

i) The Nigerian Integrated Science Project (NISP);

iii)  The Nigerian Secondary Schools Science Prqe&8SSP);

Iv)  The National Science Curriculum for Senior Setary Schools.
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2.0 OBJECTIVES

After studying this unit, you should be able to:

. mention the date when each of the project wasatei;

. mention the organization that financed each oftiogect;

. mention the philosophy of each of the projects;

. mention the curriculum materials produced for exiecuof the
projects.

3.0 MAIN CONTENT
3.1 Basic Science for Nigerian Secondary School (BSNSS)

BSNSS was the first science curriculum developrpeoiect undertaken

in  Nigeria between 1963-1967 at the @ahensive High School,
Ayetoro. The project which was popularly knownfg®toro project

was financed jointly by the Ford Foumola of America and the
Western Nigeria Regional Government and coordinaye@ESAC of

the University of Lagos.

SELF ASSESSMENT EXERCISE 1
What approach did the syllabus of this project dagmon?

The BSNSS was a curriculum in general science, wbiwvered the first

two years of secondary school. The basic scieyltabsis developed in
Ayetoro was written by Nigerians and was publisireti967 with the
Teachers Guide. The syllabus was conceived thibé-centred with
emphasis on the discovery teaching methadd laboratory oriented
activities.

SELF ASSESSMENT EXERCISE 2
What is the philosophy of the project?

The philosophy of the project is “Doing science Weey the scientists do
it”, observing carefully, reporting honestly whatdbserved and being
patient.  The underlying theme of the projectisrgy transfer — how
energy is acquired, supplied and transferred betweiag organisms
and their surrounding.
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The contents of materials produced for the projesre divided into two
main blocks. Block | for Form One and Block Irféorm two. In
block 1, there were five units while block Il comtdour units.

SELF ASSESSMENT EXERCISE 3

What are the topics listed in each of the unithentwo blocks?
Block I, with five units:

Unit | - Introduction to Science
Unit Il - Heat

Unit I - Mechanics

Unit IV - Electricity

Unit V - Chemistry

Block II, with four units:

Unit | - Small organisms and cells
Unit I - Food and Nutrition

Unit Il - Diseases

Unit IV - Ecology

The project was not widely adopted in schoolst dg&dinot go beyond
the pilot-testing stage.

SELF ASSESSMENT EXERCISE 4

What could be responsible for the pbjenot being acceptable
nationwide in Nigeria?

This could have been that the objectives of BSN&$ have been at
variance with our traditional sciences rricula used in schools

throughout the federation at that time and alsaathe=nt of Integrated
Science syllabus worldwide.
3.2 The Nigerian Integrated Science Project (NISP)

The NISP was the first science curriculum projestedoped by STAN
in 1970.

SELF ASSESSMENT EXERCISE 5

What are the skills that the projeatxpected students to acquire in
Integrated Science?
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Some of the skills listed for the students to aegafter having been
exposed to a course in integrated selenare observing, measuring,
classifying, reporting, organizing, generalig predicting and
experimenting.

SELF ASSESSMENT EXERCISE 6

Give the name of the approach used in the NISP.

STAN commissioned its members to writPupils Textbook and
Teachers Guide for the NISP with emphason the child-centred
approach which was basically activity-oriented. hisTmeans involving

the students actively in open-ended laboratoryitiets just like being a

scientist.

The philosophy of NISP was designed to assist liild to:

. gain the concept of the fundamental unity of saenc

. gain the commonality of approach to peals of a scientific
nature;

. gain  an understanding of the role arfdnction of science in

everyday life and the world in which he/she lives.

The contents of materials produced for NISP weveldd into six units.
These are:

Unit 1 You as a living thing

Unit 2 You and your home

Unit 3 Living components of the environment
Unit 4 Non-living components of the environment
Unit 5 Saving your energy

Unit 6 Controlling the environment.

3.3 The Nigerian Secondary Schools Science ofrct
(NSSSP)

The NSSSP was developed in 1970 by tiComparative Education
Study (CES) and CESAC (Comparative Edanat Study and
Adaptation Centre) in biology, chemistnand physics as alternative
syllabus for Forms Il -V of secondary schoolsmadér the federation.

SELF ASSESSMENT EXERCISE 7

What method of teaching does the project adopted?
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The project adopted the guided discovery methddathing and the
conceptual theme approach to content selectione philosophy of the

project was active students’ participation. Thelents are required to

go through a series of actiites desdy to foster inquiry and
manipulative skills.

Textbooks for students and Teachers Guidesse wdeveloped for the
three science subjects namely: biology, chemisid/@hysics as Books
1,2and 3. The book 1 is for Year Ill, Book 2 fear IV and Book 3

for Year V.

3.4 The National Science Curriculum for Senior Secondar
Schools

The advent of the new 6-3-3-4 system of educatiadigeria called for
the development of new curriculum in every subgret for both the
junior and senior secondary levels of education.

In science subjects namely biology, chemistry amgsjes new curricula
were developed which was referred to as Nationarse Curriculum
for Senior Secondary Schools.

SELF ASSESSMENT EXERCISE 8
What do you think was responsible for the adverihisf project?

The critique of the draft copy of NS5 submitted to the Joint
Consultative Committee on Education (JCCE) by CES$&glilted to
the birth of National Science Curriculum for sersecondary schools.

The new senior secondary schools science curricaldmpted spiral or

concentric approach to the teaching @bncepts through the wuse of
guided discovery method. This was to ensure #ahing as an activity

takes place during exploration, experimentation @isdussion.

SELF ASSESSMENT EXERCISE 9
Could you suggest how the teaching syllabii weraraged?

The science curriculum has its contentgranged in a logical,
developmental and sequential order. The perfoomabjectives for

each topic in the curriculum were identified. Atbe teaching syllabii

were arranged into five sections namely:

47



EDU 740 SUBJECT METHODS (INTEGRATED SCIENCE) FOR DERGRADUATE

. Topic

. Performance objectives
. Content

. Activity

. Notes.

The curriculum also recommended the usé improvised local
materials.

4.0 CONCLUSION

This unit examined the details of thecience curriculum innovative
projects undertaken at secondary school levelsgerd. The issue of
curriculum in science education has been a highihtroversial one, in

the sense that, there has never been a yardstiwkili various science
curriculum projects designed for use in schooldadbe measured, thus

there is no definite ways to ascertain whetheugedo meet their set
objectives.

50 SUMMARY
In this unit, you learnt that:

. Basic Science for Nigerian Secondary Schools (BSNES the
first pioneering science curriculum project undeeetain Nigeria

between 1963 - 1967 at the Comprehensitdigh School
Ayetoro.
. Nigerian Integrated Science Project (NISP) waditsescience

curriculum projects to be developed bthe Science Teachers
Association of Nigeria (STAN) in 1970.

. Nigerian Secondary Schools Science Projg®SSSP) was
developed by the Comparative Education Study arapfedion
Centre CESAC) in 1970.

. National Science Curriculum for Senior Secondaryddts came

into being as a result of the birth of the new edion policy
called 6-3-3-4 system in Nigeria.

6.0 TUTOR-MARKED ASSIGNMENT

Outline the topics in STAN NISP Book 1 and the apts stated under
the topics.
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UNIT3  PSYCHOLOGICAL THEORIES OF LEARNING
AND THEIR IMPLICATIONS FOR SCIENCE
TEACHING 1
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1.0 INTRODUCTION

Students generally already have their patternkioking. How do these
expand to include new ones? How are conceptsefdimthe human

mind?  Can the concepts in science be handedeoviee and ready-
made or must the learner build them up for himstep by step? What

are the science concepts we hope to encourageunienss to develop?

Various cognitive psychologists such asaviD Ausubel, Jerome
Brunner, Robert Gagne and Jean Piaget to mentohd&e attempted

to provide answers to these questions. Answeltsetse questions carry

very large consequences for the organization einee lessons.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Describe David Ausubel’s theory of learning.

. Discuss the implications of David Ausubel’s theofyearning to
science teaching and curriculum development.

. Describe Jerome Brunner’s theory of learning.

. Discuss the implications of Jerome Brunner’s thdorgcience

teaching and curriculum development.
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3.0 MAIN CONTENT
3.1 David Ausubel’s Theory of Learning

Ausubel’s theory of learning distinguish betweete rand meaningful
learning of science and how prior kredge affects the learning
process of science. (Ausubel, 1960). subel therefore stresses the
value of prior (i.e. previous) knowledgen students learning. It is
generally accepted that what a student already &mmwld aid or hinder

new learning. According to Ausubel asited in Abdullahi (1982),
meaningful learning occurs when there is approptiak between prior
knowledge and new learning task i.e. interactiomvben the students’
appropriate elements in the knowledge that alrexists and the new

material to be learnt.  When there is no suchr@ctéon, rote learning

occurs.

SELF ASSESSMENT EXERCISE 1
What is the meaning of subsumer?

Those parts of the learner's cognitivetructure (organization of
knowledge), which can provide for thenteraction necessary for
meaningful learning are called Subsumers.

Subsumer, according to Ausubel is defined as aiptsor generalized

body of knowledge that the learner already acquinatican provide for

association or anchorage” for the variousomponents of the new
knowledge. That is a new learning Mmubke Ilinked to the existing
knowledge to create meaning. Where relevant suessido not exist to

link new materials with the previous knowledge ,vadce organiser’

can be introduced.

SELF ASSESSMENT EXERCISE 2
What is advance organiser?

Ausubel advocates for introduction of what he achielvance organiser.
Advance organizers are alternative set of linkasrchorage” Ausubel is
an advocate of verbal learning.

He proposes that meaningful learning can take fdgd®o processes
namely:

. the use of relevant subsumers when they existeirktiowledge

already possessed by the learner, and
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. the use of advance organizers where the subsumeabsent.

3.1.1 Implications of David Ausubel’'s Theory of Learningfor
Science

Teaching and Curriculum Development

. Teaching of science subjects must not begin umgittéacher is
sure of previous knowledge and if not, it shouldobavided.

. Teaching of science subjects must begin with nenniag or
knowledge in a sequential manner.

. Science teacher must not present new materialaglteaching
unless the learner is ready.

. Ausubel supported the use of expository methodaching of
science subjects as the method can Ilead high level
of

understanding and generality as againsie tuse of discovery
approaches which are extremely time consuming.

Contents in the science curriculum must be arramgedquential
order.

SELF ASSESSMENT EXERCISE 3

What is discovery?
3.2 Jerome Brunner’s Theory of Learning

Jerome Brunner introduced the concept I#arning by discovery.
Discovery is used according to this theory aé forms of obtaining

knowledge for oneself by use of onesental processes. Brunner
believed that learning by discovery beginwhen science teacher
purposefully create problem and presertie tproblem to students by
introducing some inconsistencies among sourcefofrimation which

are given in the process of instruction. According to Brunner such
inconsistencies lead to intellectual discomfort thil stimulate (i.e.

motivate) the students to initiate indival discoveries through
cognitive restructuring (i.e. internal reorganiaaj.

SELF ASSESSMENT EXERCISE 4
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How many forms of discovery processes does Brusagexist?

According to Brunner (1960), two forms of discov@rnpcesses exist,
which are:

. Assimilation:  This occurs when a student spontasigou
recognizes a new situation that is familiar to ohthe elements
in his existing structure of knowledge (i.e. cogmtstructure)
and he easily assimilates it.

. Accommodation: This occurs when a new situation (i.e. new
knowledge) is incompatible to the exigtinstructure of
knowledge (i.e. cognitive structure). The learfrst restructures
(i.e. organises) his cognitive framework in ordebe able to
accommodate the new knowledge.

SELF ASSESSMENT EXERCISE 5

Name the three types of human activities for lesgmwhich Brunner’'s
theory emphasized.

Brunner's theory emphasizes that the estud should find out
information on their own through the use of meptalcesses.

It also places great importance on the three tgpésman activities for
learning i.e. the three information-processing ays, which are:

(1) Physical activity (i.e. motor activities)referred to as Enactive
representation.

(i)  Imagery referred to as lonic representation.

(i)  Symbolic activities.

The three activities coexist with eacbther and for this reason the
attainment of one does not mean the total abandaihof¢he others.

SELF ASSESSMENT EXERCISE 6

List the activities that accompany eacbf the three information
processing systems.

. At enactive stage: The child manipulates the learning materials
directly by neuro-muscular activities.

. At ionic stage: The child deals with mental images of objects
but could not manipulate the objects directly.

. At symbolic stage: The child uses language to expretise
objects.
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The interpretation of these three stages togethttrat when a child at

junior secondary school level for examplehows deficiencies in his

learning capacity especially in symbolic represtmta it could be that

such a child was deficient at the twearlier stages, which he/she
skipped. It is therefore compulsory tdill in the skipped gap by
providing concrete support that will make up foe theficiency.

3.2.1 Implications of Jerome Brunner's They of Learning
for Science Teaching and Curriculum Development

. Science teachers should place great esigphaon the most
important ideas and relationships of abjext, thus offering a
structure that will allow students to generate memcepts, ideas,
relationships and principles.

. Science teachers should deliberately create oeptgsoblems
for the science students either in form of appacentradictions
or inconsistencies among sources of informationckvhre given
in the process of instruction.  Such inconsiseseiccording to
Brunner lead to ‘intellectual discomfort'that will result
into
students initiating individual discoverieghrough cognitive
structuring.

Science teachers should encourage discovéegrning in the
science class as this aids problem-solving andlderent of
creativity in the science students.

Science teachers should encourage sciestedents to make
intuitive guesses more systematically as this make students

to have a chance to practice theirilitab to go beyond the
information given.

. Science teachers should be inductive.

Science teachers should emphasize a radical rapagjan of the
science curriculum across all school levels suahiththe new
curriculum, the fundamental structure of all théjsats students
are likely to encounter throughout the school yeaespresented
very early in a very simplified form.

4.0 CONCLUSION
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The importance of psychological theories of leagrtm both science
teachers and students cannot be overemphasizethe light of this, the
study and application of the two theories discussedis unit should be
intensified.

5.0 SUMMARY
In this unit, you have learnt that:
. David Ausubel’s theory of learning stresses

- the value of prior knowledge;

- that meaningful learning takes place ewh there
appropriate  link between prior knowledgand new
learning task

- sequence of instruction.

. Jerome Brunner’s theory of learning centers on:

- learning through discovery

- discovery aids problem-solving and cregfivi
development

- two forms of discovery namely: assimoati and
accommodation.

- Three types of human activity for learning namely

o Enactive representation
0 lonic representation
o Symbolic activities.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss how you as an integrated science teadlepply Jerome
Brunner’s ideas in the teaching of integrated smenn your laboratory.
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1.0 INTRODUCTION

In the last unit, you studied two cognitive psyauists whose works

have had tremendous impact on teaching/learningeggd  These two

and other psychological theories that you will tegr this unit are very
important and valuable because they aiendamental theoretical
foundations for the present instructional strategiescience teaching.

In  this unit, you will learn about her two cognitive psychologists
namely Robert Gagne and Jean Piaget wall as the general
implications of the theories for sciencéeaching and curriculum
development.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Describe Robert Gagne’s theory of learning;

. Discuss the implications of Robert Gagne’s thedrgarning to
science teaching and curriculum development;

. Describe Jean Paget’s theory of learning;
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. Discuss the implications of Jean Piaget’s theorgaining to
science teaching and curriculum development.

3.0 MAIN CONTENT
3.1 Robert Gagne’s Theory of Learning

Robert Gagne’s theory of learning is often refeteeds Gagne’s theory

of learning hierarchy. The theory <atethat the learning of a new
concept or skill depends upon the mastery of presgéig concepts. This

implies that prior (i.e. previous) knodtee determines what further
learning may take place and that materials mearé&ning must be

sequentially structured by the science teacheragn@ emphasizes the

importance of task analysis of instructional objext. He also believes

in task analysis of the concepts, skills and knogéeto be taught.

SELF ASSESSMENT EXERCISE 1
Name the highest level of Gagne’s learning hienarch

Gagne’s Theory believes that in order for the stitgl@.e. learners) to

acquire the desired knowledge (i.e. terminal tatsld ,materials meant

for learning must be sequentially structured sa tie learning of one

topic (i.e. acquisition of one knowledge) aids lgmrning of the next

higher topic (i.e. acquisition of the exd higher knowledge). This
invariably implies that learning of saen must be sequentially
structured by the science teacher froemmple to complex until the
desired objectives are achieved. In reay hierarchy of learning,
problem-solving is the highest level whileghe Ilower levels involved
facts, concepts and generalization.

SELF ASSESSMENT EXERCISE 2
What is the importance of pre-testing in the teagiearning process?

Gagne'’s theory also advocated the administratiohuse of pre-test to

find whether the students possess the relevargquites for the next

knowledge (i.e. higher knowledge) (Akanbi &pasina, 2000). The
result of the pre-tests will help the teacher towrthe entry point for
teaching/learning process to begin in the hieraafigarning tasks.

Gagne also suggests that in a teaching/learningtgin, the teacher

should begin with a question like “what is it thatant the learner to be

able to do?” The answer to this question shoulohfthe statement of

objectives which must be stated in behavioural form
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3.1.1 Implications of Robert Gagne’s Theory of Leamning for
Science Teaching and Curriculum Development

. For learning of science to be effectivecontents in science

subjects should be arranged in hierarchical ordé¢hat those
simpler concepts are mastered first Ileefothe more complex
ones.

. Science teachers should carefully state the obgsfor learning
any topics in science subjects.

. Science teachers should arrange the learning sasksentially so
that the learning of one science topic should lagdi¢arning of
the next higher topic until the desired body of Wiexige or skills
Is acquired.

. The contents in science curriculum shoulde arranged
hierarchically so that simpler contents are treéitstiat lower
class before the complex ones at higher class.

. After completing the structured hierarchy of leagntasks, the
teacher administers diagnostic pre-tests in oé&nd out the
point where the learning hierarchy can start.

3.2 Jean Piaget’'s Theory of Learning

Jean Piaget, a developmental psychologmbneered the studies on

cognitive and mental development. Piagettheory emphasize that
learning ability corresponds to the level of irtetual development (i.e.
cognitive development).

SELF ASSESSMENT EXERCISE 3
What are the developmental stages identified by Peaget?

The four human intellectual developmental stagestifled by Piaget

together with the approximate ages to thithey correspond are as
follows:

Stage Age
- Sensory — motor stage 0 — 2years
- Pre — operational stage 2 — 7years
- Concrete operational stage 7— 1lyears
- Formal Operational stage 11-15years
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3.2.1 Sensory — motor stage (0 — 2 years)

This stage can be thought of as a pre — verbag stakhe entire child’s

learning activities at this stage consighainly of sensory and motor
activities like seeing, sucking, tasting, touchipgshing, and shaking,

the objects in his/her environment. The child #sons that objects are

permanent and go out of existence when they cdanyer be seen.

The child experiences during that periotbrm the basis for later
knowledge. By the end of the period, certain atgef the child’s

behaviour can be called Intelligent. He/she éanexample, pull a

string to get an object or pull a blanket on whachobject is resting.

In this stage, the major intellectual activity méaraction of the senses
and the environment.

3.2.2 Pre — operational stage (2 — 7 years)

SELF ASSESSMENT EXERCISE 4
What is operation in Piaget’s theory of mental depment?

The term ‘operation’ in Piaget's theory of mental/dlopment is a way

of thinking that follows a definite pattern. $#& subconscious act of

thinking which is prerequisite to logical reasonintgrevbu (1990) has it

that wuntli a child can think ‘operataly’, he/she is unable to
completely analyze or organize information presegmbehim.

SELF ASSESSMENT EXERCISE 5
List the child attributes at pre-operational stage.

At the pre — operational stage, the child may He abspeak clearly,

use symbolic representations by drawingriting and reading and
perform complex physical manipulations; he/sheeicgptually oriented

and cannot reason logically or see contradictibag to an adult, are

glaringly obvious.

The child also develops the idea of volume, lermgtti number. He/she

easily confuses the physical changes of an objikttthhe change in

quantity of the object. For example, if the sarokime of soft drink is

poured into two different cups having different gés e.g. narrow and

wide. To the child, the soft drink in the narroup is more than the

wide one, which illustrate that the Ighi has confused height with
volume. At this stage, the thinking of the chadrreversible.
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At this stage also, the child represenbbjects by images. For
reason, he constantly reorganizes his pictureeoitbrld (i.e. his/her

environment) through imaginative play. The claldo uses language

(,e. words) by talking, questioning, tdising and experimenting.
Talking to self or object is part of the charadBcs of this stage.

3.2.3 Concrete — operational stage (7 — 11 years)

At the concrete operational stage, the child’s @mlgmiocess is limited to

thinking about things. He is able tsolve problems, but he/she is
limited in his ability to do so. He/she is lied by the nature of the

problem. Problems involving concrete objects t@at be observed and
manipulated can be solved. He/she cannot copepnitblems where

hypothetical situations must be considered, begimgle extensions,

extrapolations or interpolations. In consequesogjtions are achieved

mainly by trial — and — error. A child at thisige also develops the

ideas of conservation of matter, length, weighturee and concepts of

time and space.

SELF ASSESSMENT EXERCISE 6
What is the implication of concrete — operatioriabe?

At this stage, the child performs logical operatiith concrete objects,
which implies that the child can carryout some ¢ajprocesses like
observing, describing, classifying and measurira objects.

The implication of this stage to primary schoolngeia that it is a period

of exploration (i.e. the time for children to examirelationship between

man and the physical and biological environmenithis implies that the

study of science in primary schools wto begin  with the art of
observation, which involves the wuse dhe basic senses of seeing,
smelling, hearing, touching and tasting. Greataphasis should be

placed on doing than telling i.e. talking. Teachat this stage should

involve the wuse of models i.e. specimemeal objects, apparatus etc.
because the child depends on facts and not theories
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3.2.4 Formal operational stage (11 — 15 years)
SELF ASSESSMENT EXERCISE 7

How does this stage relate to othearlier discussed developmental
stages?

Progression through the previous stagessults in accumulation of

experiences and development of mental structuresjvare necessary

background for logical and prepositionaleasoning. This stage is
characterized by freedom from reality. Reality provides merely a
starting point for thinking, the first step beifgtconsideration of other

possibilities. At this stage also, the child depsl abstract thinking. He

can think in abstract terms. He has developddduhal patterns of

thinking. He can follow logical arguments. Itisly when this stage

has been reached that the more complex relationshimathematics

and science and the hypothetico — deductive nafureasoning can be

fully understood. The child at the formal operatl stage can make

deductions, comparisons and inferences from idéBse child can solve

ideological problems and can relate symbols withcepts.

3.2.5 Implications of Jean Piaget's Theory of Learning for
Science Teaching and Curriculum Development

. Science teachers should promote exploration aedaation with
environment using locally available materials.
. Science teachers should ensure that learners dbéatoncrete

materials before going to the complex ones and they will
learn abstract concepts and generalizations.

. Science teachers should commence teaching of scemcepts
starting from simple to complex ones.
. Science teacher should present new ideas and kdgevkg the

level consistent with the child’'s presestate of development,
thinking and language.

. Science teacher should focus on problem solvirtgerahan rote
memorization during teaching/learning process.

. Science curriculum should be designed in such athatythe
student will have opportunities to penfior desirable mental
operations.

4.0 CONCLUSION

In this unit, you have been exposed two cognitive psychologists
namely Robert Gagne and Jean Piaget. You havdlyfean exposed
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as a science teacher to implications ¢ie two theories for science
teaching and curriculum development.

5.0 SUMMARY
In this unit, you have learnt that:
Robert Gagne’s theory of learning which is oftefemed to as Gagne’s

theory of learning hierarchy states that the leaymif a new concept or
skill depends upon the mastery of prerequisite eptsc

. Gagne believes that the materials medor learning must be
sequentially structured.
. In the implications of Gagne’s theory for scieneadhing and

curriculum development:

- contents in science should be arranged hierarchical
order.

- Emphasizes on science teachers stating the olgedtiv
learning science topics.

- Emphasizes on pre-testing.

. Jean Piaget’s theory of learning emphasizes thatileg ability
corresponds to the level of intellectual developtmen
. Piaget identified four human intellectual developaé stages as:

- sensory — motor stage (0 — 2 years)

- pre-operational stage (2 — 7 years)

- concrete operational stage (7 — 11 years)
- formal operational stage (11 — 15 years)

. in the implications of Piaget’s theory for scierteaching and
curriculum development, the following are proposed:

- science teachers should make wuse otally available
materials to promote exploration and ramtéon with
environment.

- Science teachers should commence teaching froplesi
concepts to the complex ones.

- Science teachers should place emphasis problem
solving rather than rote memorization.

- New ideas and knowledge to be presented by ikacse
teacher should be at the appropriate level comgigtith
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the child’'s level of development, andhinking
language.

- Science curriculum should be designed to givenkera the
opportunities to perform desirable mental operation

6.0 TUTOR-MARKED ASSIGNMENT

List and discuss the Jean Piaget's general priegipf how you, as an
integrated science teacher, should teacttegrated science in
classroom.
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MODULE 3 METHODS AND TECHNIQUES OF
TEACHING INTEGRATED SCIENCE

INTRODUCTION

This third module deals with another very importaspect associated

with  methods of teaching and issues twnsider in selecting the
techniques and the resources for teachihgegrated Science. The
module also focuses on providing necessary infaonain documents

that are available for teachers to teach integratezhce, the science

laboratory in your school, its design, safety arghaisation and how

the integrated science teachers will assess inghszience teaching in

school. This module is divided into five unitsfabows:

Unit 1 Methods of Teaching Integrated Science

Unit 2 Resources for Teaching Integrated Science

Unit 3 Preparation for Teaching Integrated Science

Unit 4 Science Laboratory Design, Safety and Organisation

Unit 5 Evaluation of Science Teaching and Lewni with

reference to Integrated Science

UNIT 1 METHODS OF TEACHING INTEGRATED
SCIENCE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Selection of Teaching Methods
3.2 Method of Teaching Integrated Science
4.0 Conclusion
5.0 Summary
6.0  Tutor - Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

The word teaching embraces curriculum nmplag, instruction,
measurement and evaluation. The methods teaching are the
approaches or means, which a teacher could adoptlér to carryout
the function of instruction of lessons. Somehaf inethods used by
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science teachers in presenting scientific inforamtprinciple or skill to

the pupils include: lecture or chalk-talkdemonstration, discussion,
project, discovery, laboratory or investiga, field trips, etc. Each
method specifies the various activities béo carried out by both the
teachers and learners in order to achietlee stated objectives of an
instructional programme or a lesson. Modern tiesaof learning and

trends in educational practices emphasise teachetgods, which are
learner-centred as opposed to those that are teaehwed.

SELF ASSESSMENT EXERCISE 1

In selecting the methods to teach a topic in irategl science, list the
key factors that must be considered?

2.0 OBJECTIVES

After studying this unit, you should be able to:

. List some methods that are adequate for teachrattsgjscience;
. Describe the activities involved in each method;

. State the advantages and disadvantages of eachdneth

. Explain the factors to be considered in choosingraathod(s) to

be used for teaching a particular lesson.

3.0 MAIN CONTENT
3.1 Selection of Teaching Method

Before selecting a method, approach technique for teaching
in
integrated science, the teacher should considdptiosving:

0) Age of the learners

(i)  Suitability of the method for topic under daase

(i)  Competence of the teacher to use his/her ehfselected method

(iv)  Size of the class

(v)  Resources available for instruction and teachigglaboratory,
library, computer, models, charts, regalia, etc.

(vi)  Time when lesson or topic will be taught (mimigy afternoon or
evening).

Age of the learnerDelicate equipment as well as hazardous chemicals

will not be left for young learners tohandle. Therefore, laboratory
method involving such will be wrong method to bediat this level.
The demonstration method will be a better choice.
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Suitability of the Method—Certain techniques will be used to achieve

the stated instructional objectives than other$he lecture method for

instance will teach factual information—laws, captse principles, while

the laboratory method will teach pradticaskills better respectively.
Similarly, the inquiry or discovery metho and project method will
teach problem solving skills better than discussiokecture methods.

Competence of teacher to use a particular methed he Integrated

Sciences teacher should select a method that $teeazan effectively

handle. This implies that if the teacher feelsermmpetent in the

lecture method, regardless of its limitas that method should be
employed instead of using another methaethich the teacher is not
proficient and therefore cannot use effectively.

Size of the classThe size of a class is an important factor to ictamsn
selecting a method to teach integrated scienceresd.arge classes are
better taught using lecture and discussion methadaever, laboratory
methods will make use of small groups or individiealrners.

Resources available for instructionThe resources available to a
teacher often constrain him/her to the method(setect. If a school

does not have a laboratory for instance, it is issgae for the teacher to

employ the laboratory method. However, he canthseemonstration

method in the class to show some of the practlats$ ®r use the field

trip  or excursion methods where studentgll visit industries to see
things done practically. If the school has coremithe can simulate

some practicals that are difficult to perform i taboratory.

Time of the lesson-The learners are more active in the morning hours
than later in the day when boredom and tirednesssegin. Therefore
a selected teaching method must be such that rhakedrners active
participants. A lecture method adopted in the nimgrrvill therefore be
more effective than in afternoon during the heahefsun. It must be
noted that no single teaching method is recommehgexxperts for
teaching integrated science. The choice is lettiénhand of the teacher
and the method could change or vary as many tisiéseaneed arises
depending on the concept, skill or attitude thabdibe developed in the
learners.

SELF ASSESSMENT EXERCISE 2

Take a particular topic in integrated iesce and select a teaching
method/method(s) you consider effective for teaglitin  Justify your
selection.
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3.2 Methods of Teaching Integrated Science
The methods of teaching integrated science coulgideped into two:

(1) The general methods
(i)  Specialized methods or strategies.

The general method of teaching integrated sciemdades:

- lecture method for large group or class

- discussion method for small group or class
- demonstration method

- experimentation/laboratory method

- discovery/inquiry method

- project method

- field trip/excursion method.

The specialized methods are used for specifiepgaes in integrated
science teaching. They include:

- Concept learning/attainment methods or technigugscencept
mapping, vee—mapping/diagram, etc.

- Rule learning technique e.g. advance organizers

- Algorithms and procedure learning techniques

- Problem solving, problem based—learning techniques

- Model-based teaching strategies for difficuand abstract
integrated sciences concepts—uses analogssulation,
vignettes, etc. to create understanding

- Conceptual changes strategies e.g. conceppping chucking,
framing, rehearsals, mnemonics, etc.

Lecture Method: This is the most popular teaching method used by
teachers in presenting scientific inforati — ideas, concepts, laws,
generalization, theories and facts. It i@ one way communication
approach in which the teacher dishes out the pa@xdains a process,

clarifies issues or summarizes a discussion. sfindents are passive.

They only listen and perhaps take notes. It lEasérits and demerits.

It allows for easy handling of large classes, léadsasy coverage of

cognitive aspects of syllabus, entails onetny of time, effort and
teaching materials. On the other hand, it renlgensers passive, does

not develop critical thinking and creative abilitylearners, involves

only the sense of hearing, does not meet the vageds of the mixed

ability group in large class, leads to disciplinargblems as learners

become restless and disruptive. It encouragedeataing.
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Demonstration Method This is used for explaining how tocseu an
equipment, how to carryout an experiment, how teesa mathematical

problem, or how to do anything Iin @&pecified way. The teacher
demonstrates while the learners observe. Itad as an exhibition

lesson or to show parts of an object or to showctireect use of a

science equipment by the teacher to the studentfie demonstration

method is not synonymous with the laboratory method laboratory

experiment is used to verify a sciengarinciple or as a means of
observing, measuring or interpreting data.Also laboratory method
involves exercises or activities in whiclall members of the class
participate to find out something for thetwss. But the results of
experiments or demonstration are known to the sawho either due

to time, space or resources cannot allow every reewitthe class to

carry it out, so he performs it to show the leasneil he advantages of

this type of teaching method include:

1. It is an attention-inducer and a powerful motivatdren used at

the beginning and ending of a lesson.

It saves time and materials

3. It enables teachers to show the Ilearnegthe correct use of
equipment to avoid breakages and accidents anddeeacure

reliable measurements and results

Enables the teacher to review students experiments

It enables the teacher to handle activities that beadangerous

to students e.g. those involving higholtage, radioactive
materials, etc.

n

oA

Its disadvantages include:

1. It does not allow the pupils to develop manipulatskill.
2. Pupils may have difficulty in seeing tals of the
object/experiment being demonstrated.

3. It offers less scope for learners to observe, too@mipulate or
record events.
4. It involves only the senses of hearing and sight.

SELF ASSESSMENT EXERCISE 3

Discuss any four methods of teaching integratéshse. State their
advantages and disadvantages.

The discovery method/inquiry method The discovery method

involves a structured or unstructured exploratiothe laboratory in
which the student, through his mentalrocpsses such as observing,
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measuring, classifying, hypothesizing, etc. cdraw conclusion from
data, which has been gathered and analyzed.

There are two types of discovery method namelyGuided inquiry (2)

Unguided inquiry methods. Both involve “findingtdand lead to what

is generally regarded as the scientifimethod, which includes the
following processes:

1) Formulating problem for investigation

2) Formulating hypothesis to guide the investigation

3) Designing experiment to collect data

4) Analyze and synthesize data to form generalizadiosolution to
problem

5) Possessing/acquiring certain  scientific @diés such as
objectivity, curiosity and open mindedness.

Advantages

1. Equips the learner to be the builder/owner of misvidedge through
active participation and leads him to become proldelver.

2. Instruction is student — centred.

3. Inculcates manipulative skills.

4. Retention, recall and transfer of knowledgeaslitated

5. Encourages analytical thought and promotestinéudevelopment.

Disadvantages

1. It is slow and time consuming method amd less content is
covered.

2. Effective teacher supervision is difficult for alafge class size

3. The method is cost intensive as equigmeand apparatus
involved cost a lot of money.

4. Is student/learner centred and may not achieve nmuichparting

organised body of knowledge into learners.

Discussion MethodThis method contrasts with the lecture methodis It
learner-centred and is anchored on the principketifconstruction of

knowledge that is an individual is theole builder or owner of his
knowledge. So knowledge springs from within the@ividual and not

from external sources. Here, the tedsherole is to moderate or
facilitate learning process, negotiate amact as catalyst to set the
learner's mind into thinking and reflesti on an issue or topic or
concept. This method presumes that the learmestian empty slate

ready to be written on. Rather he/she has somelkdge which may

be wrong or right about a given concept. The tedshole is to help
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the learner to build on this prior knowledge. Hisught provoking
guestions will not only act as guide to the leasrigre of thought but

will also motivate them to reason more and reessl This will lead to
reflection and originality of ideas.

Advantages of discussion method

1. It is useful in motivating students’ activities

2. It develops positive interpersonal relasioip between the
students themselves and with the teacher

3. Students construct/build their own knowlkedgthrough active
participation

4, It builds confidence into the learner as he/shitbasowner of the
knowledge.

Disadvantages

1. Does not allow for easy coverage of syllabus

2. Not all topics can be handled through discussionesthere are
topics in which students may not have any prionkiedge

3. Students with knowledge in the topic den discourse loose
interest and get bored.

4. If the discussion lasts for a long time, attentdhearners may
wade.

5. It consumes a lot of time during theourse of knowledge
negotiation.

Project method This is wused either to reach indixl students or
small groups so as to help them get fulfilled. j@ebmethod unlike the

verification aims of the laboratory or experimeitatmethod, requires

originality from the student. The student mayegaite his / her own

problem or the teacher provides one. The problammd be found in

textbooks, journals, abstracts, classroomteractions, field trips, etc.

which will constitute the project topic.

SELF ASSESSMENT EXERCISE 4
What are the merits and demerits of project method?

Laboratory method: This is an activity packed method for individual

or group of learners targeted at makingersonal observations of
processes, products, or events. Thene dwo procedures which
characterize this method. These are orddbry exercise and
experiments. The laboratory exercise involvewitiets carried out in

order to provide practice in designinggperating and interpreting
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experiments. The experiments are procedures aséldd purposes of
testing hypotheses, confirming what is okn and discovering new
things. All laboratory exercises/activities akperiments but not all
experiments are laboratory work.

Advantages of laboratory method

1. Adequate for illustrating scientific principleswa and inculcate
in students how to write laboratory reports.

2. Provides opportunity for students to depe practical and
manipulative skills while using science equipmeamd apparatus.

3. It enables students to imbibe the caltuof replication of
experiments done by others in the past.

4, Inculcate the habit of critical thinkingand improves
understanding of concepts, laws, principles antsfac

5. It leads to better retention and recall of sciéntriformation,
hence engenders positive attitude towards scieptieebearner

6. It makes students to become familiar with the ddierprocesses

of observing, inferring, classifying, measuringenpreting data,
hypothesizing, etc.

Disadvantages

1. It is expensive as equipment and apparatus musolbght.
2. Delicate and dangerous experiments may lead taeaci

Field trip Method: This method adopts excursion taken oatsidhe
classroom for the purpose of making observatiomsadniaining specific

information/data. It replicates demonstiati method but in the real
world where the teacher is not in charge.
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Advantages

1. It helps to create a positive attitude in the leatowards science
as hel/she sees the “real life” appleat of laws, principles,
concepts in industry and commerce.

2. It involves many of the senses of the learner Ardefore make
them to creates keen interest in the learning esizecially the
young ones.
3. It enables stronger student - studemd ateacher — student

relationship to be built which will in turn be o$e in discussing
formal lessons in class.

Disadvantages

1. It is difficult to plan and execute.

2. It entails extra financial burden for the schoat &ne learner who
may be asked to pay for the trip.

3. There is the fear and danger of accidents.

4.0 CONCLUSION

No single teaching method is a “sine qua non” éarching integrated
science. However, some strategies/techniquemare effective than

others depending on the size of class, age ofdesyrtopic involved,

time of lesson and the stated objectives for tkeds. Each method has

its merits and demerits. An effectiveesdon combines two or more
methods to achieve various stated objectives e§son.

5.0 SUMMARY

In this unit we have discussed some of the gemee#thods of teaching
integrated science, their advantages and disadyestand how to select

them to teach a particular topic or lesson. Aneegmced teacher must

be flexible on the methods and could vary them elteing a single

lesson. The overriding principles are that tlzrier must be actively
engaged and participate in constructings/hbr own knowledge. In
integrated science in particular, he/she shodd bé made to solve
problems; develop critical/reflective-thinkingskills as well as
manipulative skills through the methods adopted.

6.0 TUTOR - MARKED ASSIGNMENT
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Take a topic in integrated science, listour instructional objectives,
select teaching strategies which you iclems effective for achieving

your stated objectives. Justify your selection.
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UNIT 2 RESOURCES FOR TEACHING INTEGRATED

SCIENCE
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Non-Human / Material Resources
3.1.1 Equipment and Apparatus
3.1.2 Locally Available Materials/Apparatus
3.2 Human Resources
4.0 Conclusion
5.0 Summary
6.0  Tutor - Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

One basic assumption made in developing tated Science

is

formal laboratories and traditional sciencequipment would not be

necessary for teaching the subject. It is agdimstackground that,
material resources for teaching Integrated Scished be dealt with in
this unit. As stated earlier on in this course, téacher plays a central
role in the effective teaching of Integrated Sceenc

The teacher is the manager of all affairs that gmewithin the science

classroom or science laboratory. He also managesner of things
outside his science classroom and laborat In  line  with
resources for the teaching of Integrated Sciennébeacategorized into

two major parts. These are:

(i) Material/non-human resources
(i)  Human resources.

These two resources shall be extensively dealt wvithis unit.
2.0 OBJECTIVES
After studying this unit, you should be able to:

. Realize and discuss the central role of the teaohte effective
utilization of resources for teaching integrateesce
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. List the two major resources for teaching integiaeience
. Give detailed explanation on each of the resouawagable for
the teaching of integrated science.

3.0 MAIN CONTENT
3.1 Non Human/Material Resources

Both the human and non-human resourcas the Integrated Science
teacher’s disposal are inseparable.  The rég)stor this is not far-
fetched. Science is an experimental subject, wimeblves the use of

materials, equipment and apparatus. Let us nowmimethese material

resources in much more details.

(1) Integrated Science Classroom

Integrated Science like other science subjectsddo@lhandled in

the laboratory or the conventional classroom dejpgnon the

situation. This means that integrated sciencejusli be one of

the subjects taught in the classroom. Then tlsetieei need for

proper attention to be given to the structure efdtassroom.

Wherever available, classroom for teachingtegrated science
should be large enough and spacious ugino to allow free
movement of learners in the classroom. There wbalttequent

needs for students to leave their sedts collect pieces of
equipment/apparatus from the teacher's destnation table.
There would also be a frequent need for the intedracience

teacher to move round the classroom to supervigkests’ work

either as individuals or in groups.

(i)  Classroom Furniture

Desks, benches and tables usually constitute tiné@dte in the
classrooms. Learners’ desk tops should be obredde area,

flat tops and horizontal but not slacking. Thekdeshould be

movable and detached from the benches.

This is necessary so that it would be possibleutespch desks

together into groups of two or four students or enas occasion

may demand. Thus, it is important tprovide good working
situation because group work would dominate mosgttefyrated

science teaching strategies.
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(i)

(@)
(b)

(iv)

Service point

There are two important service points in an irdégd science
classroom. These are:

water tap service point
burners (Bunsen burners)

There should be at least four wateapst in a classroom to
accommodate forty students. Where theage no pipe borne
water, there should be at least four plastic bisckétvater in the

classroom; and placed on tall stools or stands.

There should also be four Bunsen bugrnewith movable gas
cylinders in a class of forty students. Theseaydiaders should

always be operated by the integratediense teacher or the
laboratory assistant or his assistant. Maneferably, the gas
cylinder should be located on the sides of thesctasm and very

close tothe windows.  Students’ attention usththowever be
drawn to the danger inherent in the use of galsarctassroom.

Teacher’'s Demonstration Table

Teacher’'s demonstration table is very importartheateaching of
integrated  science. The teacher demdiwsira table should
therefore be located / constructed on high platform in the
classroom. This has the following advantages:

() it enables the students participate fully inlésson or
what the teacher is demonstrating;

(i) it will prevent unusual overcrowding of anxiestudents
round the demonstration table;

(i) it enhances effective classroom managemedtamtrol,

(iv) it enforces safety precautions during a denratisn.

3.1.1 Equipment and Apparatus

(i)

Fire Fighting Equipment

If all safety precautions are taken, i unlikely to have fire
outbreak in an integrated science classro However, it is
usually advisable to keep in the classroom a fitenguisher.
Where a fire-extinguisher could not be procured tués high
cost, it is advisable to have a bucket of dry saladed in an
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accessible position in the classroom in place alveational fire
extinguisher.  There should also be at least tesats _from the
classroom especially when there is neéd rapidly evacuate
students from the classroom in the occasion ofdutbdreak.

(i)  Glassware (or Plastic wares)

Glassware — test tubes, beakers, wash glassessamtial tools

in the teaching of integrated science. Glasswaoegoubt can be
expensive, most especially where breakages is hidbwadays

there has been move to replace glasswagith plastic wares
especially if no direct heating in an open firedquired. Below

is a list of some basic pieces of glasswares atiplapparatus
necessary for the teaching of integrated science.

(a) testtubes (b)  boiling tubes

()  measuring cylinders (d)  petri dish

(e)  watch glasses () funnel

(g) flat bottomed flask (h)  round bottomed flask
() stirring rods ()] delivery tubes

(k)  beakers ()] volumetric flasks

(m) thermos flasks (n)  reagent bottles

(o) dropper bottles (p)  specimen bottles

(@) photometer ()  conical flasks

(s) trough (® basins

The number and sizes of the apparatus are to bentieed by
the integrated science teachers. This is neceseahat it would
be possible to put such desks together into grotipso or four
students or more as occasion may demand. Thasmportant

to provide good working situation, because groupkweould
dominate most of integrated science teaching sfiege

3.1.2 Locally Available Materials / Apparatus

A number of useful pieces of materials are now itgadbtainable in our
environment (especially in open markets).  Ofipalar interest is the

range of plastic materials which are manufactuoedlly. For instance,

plastic basins, buckets, cups and receptaclesmamaplace troughs,

beakers, Petri dishes etc. Here the teacher teegply his ‘native

wigg' or ‘personal discretion’” as to whi of these locally available
materials can be brought into the teaching of irstgl science.

Occasionally, too, teachers can bring fulsepieces of discarded
equipment and utensils from home.  Some of theséul discarded
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pieces of apparatus can be requested for frommegriated science
teachers. Hence, cooperation between the homsciod! could be a
useful way to enhance an effective teaching ofirated science.

SELF ASSESSMENT EXERCICE 1

1.

2.

3.2

In

Write down a list of glasswares avd#abfor the teaching of
Integrated Science.

Give an account of what an Integrated Science rdass should

look like.

Human Resources

consideration of the human resourcesailable for teaching

Integrated Science, two major resources stand ditese are:

(i)
(ii)

(i)

Qualified Integrated Science teacher
Laboratory staff and other support staff.

Qualified Integrated Science Teachers

It is no news that there is problerof teacher supply and
demands. It appears as if integrated scien@isg a special
type of problem. There is currentlynsufficient number of
integrated science specialists. No teachers, éveNCE and
University graduates want to be knowns antegrated science
specialists. Rather, they prefer being singleetttgpecialists or
at best two subject specialists (especially at N&vEl).  This
situation has created the present scarcy integrated science
teachers at all levels of Education in Nigeria. uffiSe it to say
however, that the situation is currently being added. More
Colleges of Education and Universities e arnow running
programmes leading to the award of Nage Certificate in
Education, NCE (either as single or double majag at first
degree level. A number of Universities also offegher degrees
in Science Education even up to Doctoral level. thvthis move
in the positive direction, non-availabilityof integrated science
teachers will soon be a thing of the past. Whihthree / four
year education programme in Colleges @&ducation and
Universities, it is now possible to itra and prepare specialist
integrated science teachers. However, it is woothyote to state
that, integrated science at the juni@econdary school level
should and in fact must be handled Iscience education
graduates who are knowledgeable enough in both'toatent’
and‘processes’of the subject.
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(ii)

4.0

For the single science subject graduates who nigiterested

in teaching integrated science, opportunities ake available for

them to undergo in-services training courses. dGate science
teachers should take the advantage of such vaaaiimses to

update themselves with the philosophy arapproaches to the
teaching of integrated science. There is alsmésal for various
Ministries of Education and school prpals to support such
teachers to attend such courses.

Laboratory Technicians

In a standard laboratory, provision should be nfadéboratory

staff such as laboratory technicians/laboratoriitetogist. They

constitute a vital component of the teaching fordgut the most

unfortunate thing with our education syst is that, school
administrators are yet to see the neéor these all-important
support staff for effective teaching of not onlyeigrated science

alone but all the sciences. This Vuken attitude of school
administrators towards their employment has ofigregot of

burden on the teacher. This category of supgiaft usually

renders useful assistance for the integrated seitgachers in

effective handling of his or her lesson. The absesf qualified

laboratory technicians in most of our schools cakerthe job of

the teacher of integrated science vedfficult, but as the
situations are now, the integrated science tedw®to cope with

the problem.

Most school systems demploy laboratory assistants or
attendantsto help the science teachers. The problem with suc
assistants or attendants is that most them are not specially
trained to work in a laboratory. It then behovaglee teacher to
take up the responsibility of training such suppteff anytime

they are employed to assist him or her.  The mateg science
teacher should also make laboratory ‘assistarat@ndant to be
interested in science. Itis also the respongitili the integrated
science teacher to recommend his untrained labgrassistants

for the many in-service courses run by the variusstries of
Education etc.

CONCLUSION

It has been established in this unit that, an asfagsources is available
for effective teaching and learning of integratesce at any level of
education. The resources were broadly classifiedtwo groups viz:
the human and non-human resources. Teachergegfated science
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should harness these abundant human amh-human resources to
achieve the national goal for teaching integratserse.

5.0 SUMMARY
In this unit, you have learnt about the following:

- that there are two main kinds of resources avail&nl teaching
of integrated science’

- that the resources could either be materials/phiysichuman
resources;

- that physical/non-human resources include the seietassroom,
science laboratory, service point, equipifa@mparatus,
glasswares/plastic wares, time and time tablegrated science
curriculum/syllabus, scheme of work etc.

- that human resources include the integratscience teachers
themselves, laboratory technologist, teclamsj laboratory
assistants and laboratory attendants.

- that the resources are at the disposal of theriated) science
teacher who would need to harness all for therattant of goal
of science education;

- that in all, the teacher plays a central role.

6.0 TUTOR-MARKED ASSIGNMENT

Write a detailed but concise essay dhe teacher as a manager
learning environment or learning experience.

7.0 REFERENCES/FURTHER READINGS

Bajah, S.T. (1983). Teaching Integrated ied® Creatively. Ibadan,
Ibadan University, 44 — 49.

Raimi, S.M. (2000). Science Education lll. Unpsh&d mimeograph.
Oyo State College of Education, Oyo. 24 — 29.
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UNIT 3 PREPARATION FOR INTEGRATED SCIENCE
TEACHING

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Whatis a Curriculum?
3.2 Integrated Science Syllabus
3.3 Integrated Science Scheme of Work
3.4 Integrated Science Lesson Plan
3.5 Integrated Science Lesson Note
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

This unit introduces you to the prepara for integrated

science

teaching in schools. The task of teaching intiegracience could be

taken as an effort made to transfer the naturatefjrated science to the
learners in a school laboratory setting. ec&dise ofthe complexities
surrounding the teaching of the subjetd students in the school,
considerable thought must be given to the planaofrigaching of the

subject. This unit therefore, focuses on providiegessary information

on documents that are available for integratechseie¢eachers to teach
integrated science in school effectively. The doents are as follows:
Integrated science curriculum, syllabus, d arscheme of work, lesson
plan and note of lesson.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Describe a integrated science curriculum, syllamg scheme of
work

. prepare a integrated science scheme of work

. Prepare a lesson plan on a chosen integrated sdiepic

. Prepare a note of lesson on a chosen integratexdcgctopic.

SELF ASSESSMENT EXERCISE 1
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How does an integrated science teacher begin #iohitey of integrated
science with junior secondary students?

As an integrated science teacher you should begiadking at the

subject curriculum for the topics to adk that will draw upon the
student’'s stock of knowledge of integdatescience. This stock of
knowledge is sorted out and the topics classifrethé curriculum.

3.0 MAIN CONTENT

3.1 Whatis a Curriculum?

The concept of curriculum has been given a rangeezfnings. Some
educators according to Abdullahi (1982) define icutum in terms of
synonymous to syllabus, time-table and academaidises. It can
also be referred to as an educational programnmmethfor a specified
level of an academic institution.

The term integrated science curriculum can theeelber defined as:

. a systematic arrangement of a number iotegrated science
topics into a unit for a particularevél of integrated science
students.

. All integrated science experiences the integrateézhse students

have under the schools direction

Whatever the definitions of curriculum, it osid reflectall the four
interrelated components suggested by Kdf968). In relation to
integrated science curriculum, the four componangs

1) What is the end product of the integrated sciens#uction —
objectives?
2) What is studied — the ‘content’ or ‘subject matigfrintegrated
science instruction?
3) How are the integrated science study and teaclong € the
“methodology of integrated science instruction”?
4) How the results of integrated scienceaching are assessed -
“evaluation”?

SELF ASSESSMENT EXERCISE 2
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Give another definition of integrated science aulam that will reflect
the four interrelated components of the curriculum.

Objectives

Contet

Methodology

Evaluation
Fig. 1: Interrelated Components of Curriculum

Each component of the curriculum influences thesth For instance,
objectives determine the selection of content,raethodology. Also,

the methodological approach adopted forstruction is based on the
objectives and content as well.

3.2 Integrated Science Syllabus

An integrated science syllabus could la#escribed as a condensed
outline or statement of the main topics of a cowfsgtudy in integrated

science drawn from the broad integratestience curriculum of the
school system. It can also be described as allmaiine of units or

topics in integrated science arranged in a logieguence for coverage

of that the integrated science students can farifspexamination and
certification.

There are two types of integrated science syllabus:

i) Integrated science examination syllabus
i) Integrated science teaching syllabus

SELF ASSESSMENT EXERCISE 3

Mention two each of integrated sciencexamination and teaching
syllabi.

The integrated science examination syllabus indgaitegrated science

topics to be covered for a particular examinatioimtegrated science.

For instance, Junior Secondary Certificatexamination syllabus on
integrated science is integrated science examimagtabi.

84



EDU 740 SUBJECT METHODS (INTEGRATED SCIENCE) FOR DERGRADUATE

The integrated science teaching syllabis an outline of the work
planned to be done in a course of one term or eae with each class at

junior secondary school level in integtht science. The integrated
science topics are arranged in a lbgiceequence according to the
relationship between the various integratextience topics in the
syllabus.

SELF ASSESSEMENT EXERCISE 4

Who are the people responsible for the developwiethte integrated
science syllabus in Nigeria?

The integrated science examination syllabus is dragvby a team of
integrated science experts (science educators)lyisudside the school

system. In integrated science teaching syllabarsows related parts of

the integrated science topics or units, whieh related, are brought
together.

As an integrated science teacher, yohould employ the following
principles in drawing up an integrated sciencectiésy syllabus from

integrated science examination syllabus anlde Integrated Science
Curriculum for level of students being considered.

These are:

. arrange the integrated science topics in suehyathat your
teaching proceeds from the known to the unknowRinBainto
consideration the background of the students

. proceed from easy integrated science cdscepo the abstract
concepts.

In integrated science teaching at junigecondary one (JSS1) for
instance, causes of motion of material bodies shbelpreceded first by

the concepts of distance, time and speed. You &#egrated science

teacher should ensure that the integrated scieaohing syllabus is

arranged so that the topics suit the intellectu@oademic level of the

students. A most effective integrated scienceltieg syllabus lends

itself to the formulation of the scheme of workrfrdt since it spells out

the following necessary information:

What integrated science topics are to be coveredspecific period;

. The depth of coverage of the integrated sciencesop
. The sequence of treatment indicating the integratéehce topics
that will require more time than others
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. Guidelines for methods of teaching
. References and materials needed for eaokegrated
topics.

SELF ASSESSMENT EXERCISE 5

Which of the two integrated science syllabus hdsext relation with
integrated science scheme of work?

3.3 Integrated Science Scheme of Work

An integrated science scheme of work is the weakigngement of
integrated science topics from a integrated scieteaehing syllabus to
cover the academic year. This is achieved bydafigi the integrated
science -teaching syllabus into three parts coomdipg to three terms
of the junior secondary school academic year. ifitegrated science
topics in each term’s schedule are broken up tmtimber of weeks on
the term.  As an integrated science teacher,ufcan successfully do
this, you have succeeded in drawing up a schemei on integrated
science.

SELF ASSESSMENT EXERCISE 6

Do you consider the scheme of work on integratéshse to be a rigid
document?

The integrated science scheme of work should bsedv¥rom time to

science

time depending on the rate at whicle t integrated science students

progress in the learning of the intéggla science concepts.
integrated science scheme of work which can alsefegred to as a

written plan showing what integrated science topiesto be covered

weekly or fortnightly is drawn up from an integrdtecience teaching

The

syllabus taking into consideration the lioiwing factors as stated by

Abdullahi (1982).

. The need for logical sequence

. The age, ability and previous knowledge of the shisl

. The amount of time required by each integratednsei¢opic

. The number of effective weeks of learning in a tema year

. The number of integrated science teachimgriods per
including practical period.

. Resources and materials for teaching integrateshseitopic.

SELF ASSESSMENT EXERCISE 7
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List the components of a good integrated scienberae of work.
The scheme of work on integrated scienedll also assist you as
integrated science teacher to fulfill the followifumctions in the school:

. it will direct attention to major integrated scienopics
. it will facilitate careful and meaningful plannimg the part of
the integrated science teacher
. it will allow for greater flexibility n the implementation

integrated science teaching syllabus.
3.4 Integrated Science Lesson Plan

Integrated science lesson plan can bescribed as a daily guide
integrated science instruction. It is also a guathe integrated science

teacher in presenting a good and effective integratience lesson in

the classroom. Therefore, a good integrated seitgsson plan is a

guide to effective integrated science teaching dsects the integrated

science teacher in same manner as @npass gives a havigator his
bearing.

SELF ASSESSMENT EXERCISE 8

Should the preparation of an integrated scienc®teplan be a weekly
or monthly affair?

An integrate science lesson plan is a daily outhhkearning activity for
integrated science students at junior secondayosdével. The plan is
usually drawn up after the preceding integratedrsm lesson.

SELF ASSESSMENT EXERCISE 9

Why is it not proper for an integihte science teacher to prepare a
integrated science lesson plan several weeks iarmd?

As an integrated science teacher, yohould be able to take the
advantage of the extent of materials covered irptheeding integrated

science lessons, andthe success or failurpastf integrated science
lesson. These are the main reasons why it isnopiep for you as an

integrated science teacher to think of preparingtagrated science

lesson plan several weeks in advance. An intedsdence lesson plan

also provides a kind of instruction route to bédwiked by the integrated

science teacher so as not to live out or omitiy@ortant concepts.

Format of a suggested Daily Integrated SciencedreBsan
Subject: Integrated Science
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Class:

Date:

Unit:

Topic:

Average age:
Time of the lesson:
Duration:

Instructional Objectives:

Behavioural objectives:

88

JS1

Day/Month/Year

Living things in the environment
Plants and Animals

10 years

9.05 - 9.45am

40 minutes

These are the objectives that are dtatm
terms of what an integrated science teacher

is going to do during this particular lesson or

period. It focuses attention on the teaching

process rather than on the learning outcomes

to be attained by instructional objectives are:

. To differentiate between plants and
animals
J To demonstrate how to examine some

cells under a microscope

. To draw and label plants and animals
cells on the chalk-board

. To classify animals into those with
backbones and those without

. To classify plants to whether they
have flowers or not

These are the objectives that are dtatm

terms of the outcomes the teacher dgpec
from his/her teaching. Here the attention is

shifted from the teacher to the learneAs
regards this lesson, the behavioural
objectives are stated as follows:

At the end of the Ilesson, students
should be able to:

. Describe the differences between
plants and animals;

. Draw and label correctly plant and
animal cells;
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. Classify animals into those that have
backbones and those that do not;

. Classify plants according to whether
they have flowers or not
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TIME

PART OF THE
LESSON

ACTIVITY

9.05-9.07(2mins

Introduction

Instruct a studerthiog his desk to the front and ag
the students to push the desk forward to cover som
distance. Ask the students to mention the diffezen

hatvaan tha han

D A

9.079.37(30mins

Presentation

Vi.
vil.
Viii.

Xi.
Xii.
Xiii.

Xiv.

XV.

Put a microscope on the table in front of tH

e

class and ask the students to come up to fhe

front to have a look at it.

Operate the microscope for the students
see.

Ask a student to scrap the inside of his/he
cheek with a clean spoon.

Put the scrapings on a microscope slide a
add one drop of iodine solution or methyle

blue. Mix well and cover with a covershigd.

Instruct the students to come one after t
other to look at the slide und
microscope.

Ask them what they see.

Instruct them to draw what they see.
Instruct the students to watch carefully tak
thin strip of onion skin that they
through (i.e. transparent).

The teacher places this thin sk
microscope slide and adds a drop of iodin
solution for students to see.

Instruct the students to come one after th
other to look at the slide und
microscope.

Ask the students what they see.

Instruct them to draw what they see.

Classify animals on the basis of their food

to

er  the

al

nca see

n oa

1%

e
er  the

(i.e. grass eaters (herbivores), fleshtgrea

(carnivores) and both grass and flesh eaters
(omnivores).
Classify animals into those with backbones

(vertebrates) and those without backipones

(invertebrates).

Classify plants into those have
(flowering plants) and those without flowel
(non-flowering plants).

flosve
S

9.37 -9.40 Summary Highlight some of the important points and thereot

(’2 mine) label di;\gr:\me on-the chalkboard

9.40 - 9.45 Evaluation / Assignment Ask questions on twhgou taught either| orally

(R mine) oF
written.
For assignment ask the students to hdégrt read
the

Home work topic treated from their textbook andnswer the
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SELF ASSESSMENT EXERCISE 10

Apart from the general information in the integchgeience lesson plan,
list the other parts in which the plan is divided.

The integrated science lesson plan when propeityenrshould reflect
the following elements:

*

General Information:

- School

- Subject

- Class

- Age

- Time and Duration

- Topic

- Unit

Objective What product, process or affective

objectives
does the integrated science teacher have for
this integrated science lesson?

Resources What equipment, teaching aids, text material
etc. will be needed?

Introduction This relates to how the integrated science

teacher will prepare integrated science
students for this lesson.

Learning Activities Presentation / Developmentetfture,
demonstration, discussion etc. should fit the
objectives

Time Allotment Approximately how lomigp you expect
each  activity to last

Evaluation /Assignment How will the integmte science
teacher determine if integrated
science students have learned what
he/she have taught. The integrated
science teacher may decide to give
integrated science students some
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work to do at home or during the
lesson or at students’ free time in the

school. All these should feature in
the integrated science lesson plan.

SELF ASSESSMENT EXERCISE 11

What is the difference between an integrated seié&gsson plan and
lesson note?

3.5 Integrated Science Lesson Notes

Integrated Science lesson notes contain all legraativities selected

for a particular integrated science lesson showirgh details as how

the lesson will be produced, list of previous knedge, description of

the presentation of lectures, laboratory exergjgestions to be asked

etc. The form which lesson notes take dependbl@nature of the

subject, the category of learners ante tavailable resources, among
other things.

The difference between an integrated scietegson plan and lesson

note is a matter of detall Each s hdts own advantage, while an
integrated science lesson plan is short enougke tedd quickly and

arranged in a way that makes it easy to find etggh an integrated

science lesson note indicates clearly tlentent and method of the
lesson; it also aids the integrated science teachmmory. Both have

similar format, while the integrated science lesglam is an outline of

the business of the integrated scientesson, the integrated science
lesson note gives full account of thetep by step Dbusiness of the
integrated science instruction.

A specimen of an Integrated Science Lesson Nofeapee by a B. Sc.
(ed.) student:

School: Name of the School

Date: Day / Month / Year

Subject: Integrated Science

Class: Junior Secondary One (JS 1)

Time: 9.05 — 10.25 am (40 minutes)

Unit: Living things in the Environment

Topic: Plant and animals

Objectives: At the end of the lesson the students should
be able to:

. Describe the differences between plants and animals
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Draw and label plants and animal cells

Classify animals on the basis of the foods they eat
(i.e. herbivores, carnivores and omnivores)

Classify animals into those with backbones
(vertebrates) and those without backbones(inveateby
Classify plants into flowering and non-floweringpts.

Previous Knowledge:  Students must have learnt living things and

their characteristics.

Teaching Aids: Microscope, slide, iodine, solution or

References:

Introduction:

methylene blue, clean spoon, onion.

STAN (1999) Nigerian Integrated Science
Project. Pupils’ Textbook One. New

Edition. Heinemann Educational Books
(Nig.) Ltd. Pp. 44 — 51.

The teacher introduces the lesson by asking
the students the following questions:

1. What is living things?

2. Give examples of living things in the
school environment.

3. Mention the characteristics of living
things.

The teacher links the answers given by the
students to the day’s lesson by linking their
daily experience to the subject lesson.

Presentation or Development:

Step I

Step Il:

Step Il

The teacher demonstrates how to use a microscapedl
on the table in front of the class.

The teacher instructs the students on what to detthe
microscope perform.

The teacher assists the students in ntmmy the slide
containing the specimen on the microscope to waich
draw what they see.
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Step IV: The teacher assists the students in modifying alnelihg
the respective diagrams of both the animal anct jglelits
drawn.

Step V: The teacher asks the students to name differemtadsi
and the foods they ate.

Step VI: The teacher assists the students in classifyingrimaals
name above into grass eaters (herbivoreBgsh eaters
(carnivores) and both grass and flesh eaters (@resy.

Step VII:  The teacher asks the students to na@@mals with
backbones (vertebrates) and those withdosickbones
(invertebrates).

Step VIIl:  The teacher asks the students to napiants that have
flowers and those without flowers.

Summary:

. Both plants and animals show all the arahteristics of living
things (they move, feed, breathe, excrete, groproduce and
respond to changes in the environment).

. Plants and animal cells have a cellemirance, cytoplasm,
vacuole or vacuoles and a nucleus.
. Plant cells have a cell wall and usually contailtoplasts (these

contain a green material which gives plants the2eg colour).
These are absent in animal cells.

. Plants are usually rooted in one place, wherea$ amisals can
move from place to place.

. Animals can be grouped into those that eat grabiffores),
those that eat flesh (carnivores) and those thdiath grass and
flesh (omnivores).

. Examples of herbivorous animals are goat and cawrivorous
are cat and dog while omnivorous is man.

. Animals can be grouped into those whichave backbones
(vertebrates) and those which do not (invertebyates

. Examples of vertebrates are fish, goatdpgs, man etc. while
invertebrates are centipedes, crabs, spiders etc.

. Plants can be grouped into those that have flo(iiersering

plants) and those that do not (non-flowering plants

Evaluation: The teacher asks the studentse following questions
orally:
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1) How would you distinguish a plant from an anifhal

2) Name three invertebrates and three vertebratéyodu know.
3) Give examples of flowering and non-floweringrgkin your area.

Assignment: The teacher instructs the studentagwer the following
guestions at home as homework.

() Draw and label a typical animal cell and a typjuiaint cell.
(i)  List 10 each of herbivores, carnivores and omnivore arsimal

SELF ASSESSMENT EXERCISE 12

Write an integrated science lesson note for a dmogegrated science
topic for JS1 students that will cover a 40 minygesod.

4.0 CONCLUSION

In this wunit, you learnt that integite science teaching is a
business that involves a lot of dedication. Sarastegrated science
teacher, you should be committed to the noble pedd@ by making

sure that you observe all that is expected of dityuategrated science
teacher.

5.0 SUMMARY
In this unit, you learnt:

o Different definitions of a curriculum.

. Description of integrated science syllabus andwetypes of
integrated science syllabi namely: integrated sgerxamination
and integrated science teaching syllabi.

. The description of integrated science scheme okwor
. The description of integrated science lesson phahits format.
. The description of integrated science lesson nadesaspecimen

of an integrated science lesson note.
6.0 TUTOR-MARKED ASSIGNMENT

1 List the components of a well written integrategksce lesson
note.

2 Develop an integrated science lesson note thatwibuse to
teach “States of matter” in junior secondary Or&ljJdntegrated
science class for forty minutes.
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1.0 INTRODUCTION

Laboratory generally is an integral pamf science teaching. In the
teaching of physics, chemistry, biologyintegrated science etc. the
laboratory occupies a central role.  As separ@ienses make special

demands of their own, special laboratories forMéugous subjects are

required. These must be taken into account ipldening of the school
laboratories and their accommodation.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Describe a science laboratory

. Discuss some of the safety rules that should beresd in any
science laboratory

. Describe the organisation of the science laboratory

. Discuss how a science laboratory is managed

. Discuss the major roles of the head of any sciende
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. Discuss the roles of the science teacher and lalygrattendant
in the science laboratory

3.0 MAIN CONTENT

3.1 The Science Laboratory

The science laboratory is an instructional facilised by the science
teacher to help the students learn about scierdc@@n the scientists
investigate the world around them. That is, thet school building set
aside for scientific discovery/inquiry. In the ecce laboratory, students
are brought in direct contact with materials, matatng them through
procedures that reflect scientific thinking.

SELF ASSESSMENT EXERCISE 1
When and how does the laboratory work begin?

The laboratory work became a permanent featurei@gmse teaching in

high schools in the 19th century (Abdullahi, 1982)The practice then

was that the community scientists arranged demeaticstrlectures that

usually attracted young ones who were interestéebiming science.
Prominent pioneer scientists such as Iseeg Priestley, Cavendish,
Dalton and Berzelius converted their hsmdnto laboratories where
regular demonstration lecturers were held.

The laboratory work is very important to student®vetudy science

because most recent and modern science curricylhasize students’

full  involvement in science teaching 1tmgb practical work in the
laboratories. The Nigerian Integrated Science BtejeNISP) developed

by STAN and the Nigerian Secondary School Sciemogét (NSSSP)

developed by CESAC placed much emphasis on labgratark. The

emphasis on laboratory work is in keeping withdleenand of science

which requests certain skills to be deped in the students. Such
desirable knowledge and or skills include:

. the ability to plan an experiment andnalyse the

practical

problem into its component parts;

y the ability to perform experiment;
the ability to interpret the results of the expamhand draw
conclusion.
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SELF ASSESSMENT EXERCISE 2

What will you consider as the general layout ofi@rsce laboratory
design?

3.2 Science laboratory design

Any modern science laboratory design halse following general
features:

(@) Preparation RoomThis room should have the following

facilities:
. distill water machine
. dry oven
. storage shelves for tools to be use for servicds@intenance
. trolleys for moving equipment about

(b) Central Storage Room This room is provided with cabinets
where dangerous chemicals such as radioactiveamahogenic
substances are kept. Inflammable liquids are stls@d in this
room.

(c) Resource Room This is where physics students carryout their
projects. Audio-visual materials can alsbe kept here.
Sometimes, a darkroom is attached to this area.

(d) Detached Store Highly inflammable substances like ether,
petroleum ether, toluene, acetone and alcoholepeik special
stores which are located in a separgiace outside the
laboratory.

(e)  Staff office for laboratory technicians

() Provision for plenty of ventilation, wate light, heat services,
drainage supply etc.

SELF ASSESSMENT EXERCISE 3
How safe is your school science laboratory?
3.3 Science laboratory safety

Safety is the first thing to know in teaching scenbe it integrated
science or any of the other sciences.It is a must for an assiduous

99



EDU 740 SUBJECT METHODS (INTEGRATED SCIENCE) FOR DERGRADUATE

science teacher to heed this importanbte of warning in order
prevent laboratory accidents and guard againstiqddyisealth hazards.

SELF ASSESSMENT EXERCISE 4
How does health hazard occur in science laboratory?

Health hazards in the science laboratory are krntowear their heads in

many ways, such as shocks from eledtricappliances, skin damage
from short-ware radiation, retina damage from ultket radiation, liver

and kidney damage from dangerous volatile orgasliests, cuts from
glass-ware and sharp-edged objects, etc.

Right from the drawing board, precautionary esafmeasures should
form part of the basic components of any good sedaboratory.

SELF ASSESSMENT EXERCISE 5

List some other basic features of a science labgrathat provide for
safety right from the construction stage.

These features could be:
adequate storage facilities
fire equipment

scape routes

ventilation facilities

first aid box.

3.3.1 Science laboratory techniques for safety

Order, they said, is the first rule in heaven. sT8aying should also be

applicable to science laboratory and rsme teaching if we want to
ensure safety. Because of the wave of indiscifhat permeates every

facet of our society, there is need tregulate the behaviour of our
students inthe schools laboratory for tyafeeasons. Every science
student in your care should be made to adherdlgtiacthe ten rules

listed in the “do’s and don’ts” versions.

SELF ASSESSMENT EXERCISE 6

How will you as a science teacher enforce the adetyg rules?
The rules are:

)] Do wait outside the laboratory until you are ast@dome in;
i) Do only the experiments authorized by your teacher;
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iii) Do heat liquids slowly and rotate test tubesatoid overheating
one area,

iv) Do wet the end of glass tube before insertingtd mubber-tube
or stopper and use a towel to insert the glass tube

V) Do report any gas leakage, water leakage, breakadj@ccidents
promptly to your teacher;

Vi) Do not rush or run into or out of the laboratory;

vi) Do not smoke, eat, drink or chew guim the laboratory
prevent dangerous chemicals from getting into yonauths or
lungs;

viii) Do not discard matches, filter papers or afightly soluble solid
into the sink;

IX) Do not direct the open end of a test tube beingeldeat anyone;

X) Do not work with wet hands when perforgn electrical
experiment involving the use of the mains or capasi

SELF ASSESSMENT EXERCISE 7

What are the common injuries that stisle can sustain in
laboratory?

It is a common knowledge that even when all necggs@&cautionary
measures have been taken, when pertinent safetiategs have been
observed in the Ilaboratory and when omewended laboratory
experimental techniques have been employestcidents which could
result in injury could still happen in the labonato

The common injuries that can be sustained in tlense laboratory are:

. bleeding — due to cuts from broken glassware, sbljgcts and
the like;

. burns — from naked fire and chemicals;

. shocks — from electricity;

. suffocation — from inhaling injurious vapours, ga®e aerosols;

. eye injury — due to the presence of foreign paglin the eye.

You, as a physics teacher, owes it as a duty & effpropriate first aid
remediation to your injured student(s). In thiseyiyou are expected to
be familiar with the rudiments of first aid procees.

SELF ASSESSMENT EXERCISE 8

List the necessary facilities required r foproper organisation of a
laboratory.
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3.3.2 Organization of the science laboratory

The organization of the science laboratory hasotwith the provision
of essential services, storage and proper maintenafnequipment. In
the science laboratory, the facilities requireddervices are:

. Water Two or three small sinks will be found adequatea

science laboratory and these should be locatelerbenches
and are to be well separated from heaother to

allow

simultaneous access by groups of intedratscience students.

One of these sinks should be provided with a hdemsupply,
which is conveniently done by a sink heater.

. Gas If gas are fitted to the working benches, thésrikl be
properly placed so as to leave a clear workingesarf Where
movable tables are used, it will usually be founflisgient to
have gas points on the side benches only and te tades up to
these areas when gas is needed. The gas poind sfeoarranged
such that one gas supply will accommodate two arerngooups
of science students.

. Electricity Low-voltage supply is an essential requirementfor
science laboratory.  Apart from the fact thatlias science
students to perform experiments with safety alld@lementary
experiments in the study of electricityit will also
applications in other parts of the work, for ligigilow-voltage
bulbs for ray boxes. The voltage must be variesteps and a
current of 3 — 4 amperes must be available at eacking point.

SELF ASSESSMENT EXERCISE 9

How secured is the science store-room in your 9€hoo

find

. Storage The storage of apparatus is aiossr and growing
problem in most school science labora®ri It is strongly

recommended that teachers of science subjectsdshmigt on
the provision of a store room of generous sizeddition to a

preparation room. A store room whiclks merely a
large
cupboard is not sufficient and an aresf at least 138
square

metres (138 sqg. m) is required, but it could wellldrger if the
geometry of the building will allow this.
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SELF ASSESSMENT EXERCISE 10

Do you store both small and large size apparagether in your school
science laboratory?

The apparatus to be stored in the store room vesizes and in shapes,

the small pieces of apparatus, magnemlythene rods etc. can
conveniently be stored in shallow drawers and atlés of apparatus of

slightly larger sizes such as ray-boxes requirdgeraleeper drawers. It

is suggested that one wall of the regstom should have cupboards
containing trays of three different depths. Suelgs enable the whole

volume of a cupboard to be utilized, whereas thesentional cupboard

with a shelf uses only a fraction of the total vokifor actual storage.

3.4 Science laboratory management

The science laboratory is usually a center of agnse activities where
science teachers, laboratory staff, students andrials are always in a
dynamic interaction.

The science teacher as the sole administratoryo$@ence laboratory

has the responsibility of managing these intergdtctors, in such a

way that accidents are reduced to tharest minimum level. The
science teacher must ensure that all those whthassience laboratory

perform their work as directed.

SELF ASSESSMENT EXERCISE 11

What do you think should be the major concern afchef any science
subject in the management of their unit in yourosth

3.4.1 The Head of Science Unit

The task of managing the affairs ohet science unit is the sole
responsibility of the head of such unit and othgaport staff in the unit.

This includes the science teaching stafihd science laboratory
technicians/attendants. The head of the unit, iwlome of the human

resources in the unit has three major areas t@heecned about.

These are:

. Organisation and coordination of duties As the head of any

science unit, you should as much as possible, apdmaintain
effective communication channel between rgeli and other
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staff members. This invariably means that you &hoperate an
open door policy for corrections, advice and sutiges towards
the progress of the unit.

. Delegation of responsibilities As the head of any science unit,

you should identify staff members withtheir talents
capabilities and delegate the unit duties to them.

. Training of personnel in the unit  This should be one of the

major concerns of any of the science unit headgou should
make sure that the staff members both teachingiandeaching
in the unit are recommended for promotions, atderences,
workshops and seminars and are also given saael when
appropriate.

SELF ASSESSMENT EXERCISE 12

What should be the major responsibilities of hefaskc@nce unit in a
school set up?

3.4.2 Some roles of the Head of Science Unit

. Formation of Unit timetable — The head of any science unit
joins his/her colleagues in other scienagnits to work on

and

the

general school timetable for schedulindne t different unit's

timetable that involve the staff memberwithin the unit
displays it in their different unit laboratory.

. Provision of the Unit information on the Notice Boad — The
head of any science unit should be responsiblghoprovision
of up-to-date information on the unit notice boasdan aid to
proper communication. This notice board shouldib&led into
sections and labelled using section headings dfeteht colours
(e.g. red colour for urgent or emergency informatio

Some of the headings could be:

. School timetable

. Science department timetable

. Science unit laboratory timetable
. All Science teachers timetable

. Departmental notices

. All Science unit notices

. Science Club activities (e.g. JETS Club, Physiago@tc.)
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. Today’s Announcement

. Teacher’s Centre information

. Emergency information.

. Keeping Unit Records — The head of any science unit should

also be responsible for storage and retrieval fofimation by
maintaining two separate filing cabinets or shelve©ne of the

files will be confidential files, which should cam examination
information, students’ records, reports ostudents and staff
members in the unit, etc. The second file whictalkked “open-
access” files should contain past question pagersnce subjects
syllabi, career information, catalogues fobooks and science
equipment, safety information etc.

. Running of the Unit — The head of any science unit should on
regular basis consult with other wunitsheads in the science
department as regards the needs of the unit arattdegnt. The
outcomes of the consultations are presented tedheol head for
either implementation or further directed to appiaie higher
authorities. Sometimes, the consultation couldiestimates,
which can be broken down into the following sublsead

. equipment cost

. running cost

. stationery

. books and audio-visual aids

. workshop/conference, seminar needs
. living organism funds

R replacement funds

. practical examination funds.

SELF ASSESSMENT EXERCISE 13

Apart from the teaching of the science subjectsatvatther roles do you
perform in your school as an integrated scienceh&®

3.4.3 Other Roles of any Science teacher in the laboratgr

. Preparation of materials, solutions and nmovision of

equipment availablellt is the duty of any science teachdo
prepare all necessary materials or items for prakckesson and to
take note of all the inadequacies.
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. Training of the laboratory assistantsAny science teacher
should be responsible for the trainingf their laboratory
assistants. Since science students learn a tbingfs from them
either directly or indirectly.  So there is theeddor them to
continually improve their skills and knowledge ¢ve taboratory
organisation and activities.

. Stock control, requisition and receipt of suppliesAs a science
teacher, you should ensure that you take properds®f all the
incoming and outgoing stock from the science stamer.  You
should also have a requisition book for your retjaesl always
issue a receipt or sign for supplies made to thieestom.

. Recording breakages/damagedhere could be breakages
especially with glasswares and damages eduipment in the
laboratory. These breakages and damages shouvétdeled by
any science teacher for replacement.

. Proper storage and distribution of materials/equipnent-The
science teacher should ensure that science equiaresstored
according to their nature and the storagewocedure should be
simple for safety and ease of retrieval.  All ogtimirrors and
lenses should be stored together.

. Implementation of safety regulations— One of the major duties
of the any science teacher is to make sciencerstsidad other
supporting staffs in any science unit keep to Hfetg regulations
in their laboratory.

. Supervision and control of laboratory assistants- It is one of
the responsibilities of any science teacher tollgghthe duties
of the laboratory assistants and paste it wharanteasily be
referenced to. Copies of such duties could alsméde available
to each of the laboratory assistants for themudystkeep and
use as required. There is the need to have a sigs®vision and
control of the laboratory assistant at all timegnsure safety of
life and materials in their laboratory.

SELF ASSESSMENT EXERCISE 14
Do you have science laboratory technician(s) inrygmnool?

3.4.4 Roles of any science laboratory technicians/assisiis
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Qualified laboratory technicians are sometimes tai@me by in our
schools but most science departments usually entpgervices of the
laboratory attendants and train them on the jgtddg both roles. But

their work reduces to that of errand boys when @reynot well trained.

The primary duty of any science laboratory tectan¢s) is to maintain

and repair damaged science equipment. rtAprom this, a science
laboratory technician(s) also performs the follogvtasks:

Keeping all science materials/equipment clean &ty t

Setting up or dismantling demonstration equipment;

. Ordering of all science equipment;

. Storing of all science equipment in accordanceth i regular
order;

. Keeping adequate records of purchases and damages;

Make minor repairs of any science equipment;

. Experienced technicians or attendants alserve as science
resource persons to science students.

4.0 CONCLUSION

In this unit, you learnt about science laborat@ds/design and safety.

The organisation and management of asgience laboratory with
respect to head of science unit, and his rolesedisaw roles of science

teachers and science technicians/attendants wsareliskcussed.

50 SUMMARY
In this unit, you learnt that:

- the layout of any science laboratory should beilflex
- modern science laboratory design should have tleniog:

. preparation room

. central storage room

. resource room

. detached room

. staff offices

. provision for ventilation, water, light, heatingréiees, etc.

- Safety should be the first thing to know in teaghamy science
subjects.
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- The ten safety rules must be adequately observedeostudents
in any science laboratory.
- The facilities required for services in any scietad®oratory are:

. water
. gas
. electricity

- The management of any science laboratory involves:

. the head of the unit
. the science teacher
. the science laboratory technicians/attendants.

6.0 TUTOR-MARKED ASSIGNMENT

1 Itemize and discuss the use of laboratory exercis teaching
integrated science at junior secondary level.

2 What are the advantages of using laboratory mathtehching
science at junior secondary level?
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UNIT 5 EVALUATION OF SCIENCE TEACHING AND
LEANING WITH REFERENCE TO
INTEGRATED SCIENCE
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1.0 INTRODUCTION

One of your main duties as an integrated scierashts is to promote

the learning of the fundamental facts and prinsigieintegrated science

and to develop in the integrated saencstudents abilities and skills
needed to engage in scientific processes. Howasdhe acquisition of

scientific  knowledge is the ultimate eribn, it is imperative to
regularly evaluate students’ progress imeir learning of integrated
science. Your role as an integrated science teacleyaluation is very

important and crucial. Thus, you shoulde well equipped for the
performance of this task.
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In this unit, you will be exposed to one of the eoamly used methods

of evaluation, which is teacher's test. The tests may take different
forms. But the science teacher’s concern is toitoothe progress of

learning among his/her students.  Therefore testgegrated science

class serve a variety of functions, which shaltllsgussed in this unit.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. Define test and assessment;

. Discuss the functions of the classroom tests;

. List and discuss the forms of assessment in sgience

. State the merits and demerits of dhe forms of ‘paper
and

. pencil’ tests;
Discuss the principles of test construction in scéeteaching
. with particular reference to integrated science;
. Describe a marking scheme;
Describe how to prepare marking schemes for eygpayand
objective type examinations.

3.0 MAIN CONTENT
3.1 Meaning of Test and Assessment

According to test experts (Obe, 1977&Gbkade, 1988),
teaching/learning processes are incomplete witbleairly identifying

the processes of determining students learningpmgs.  The experts
further said that the most reliable method avaddblpracticing teachers
for assessing students’ learning outcomes is thetitests.

According to Obe (1977), a test is filk®l as a series of activities

purposely designed to measure learners abilitiéisararea of recall of
facts, recognition of facts, understandingf concepts, thinking
capabilities and manipulative skills.

SELF ASSESSMENT EXERCISE 1

What will you consider as good suggestions by ¢isé éxperts to the
practicing teachers?

The test experts implored the practicing teachedsthose educators
involved in assessing learning outcomes tearn how to select test
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items, which are relevant and would give balanegulasentations of the
traits to be assessed at a given time.

3.2 Functions of Tests

Findley (1963) categorized the functions of thesstaom tests under
three major groups which are:

o instructional
. guidance
. administrative

3.2.1 Instructional functions of a test

- Testing of students progress in the ersm@ class provides the
science teacher with the information othe students rate of
learning. This will enable the teacher to providerenappropriate
instructional guidance.

- Test construction reminds the science teachereoblijectives of
the course. The process of test constructiomasthelps the
science teacher to redefine the course objectivekearer terms.

3.2.2 Guidance functions of tests

- Information obtained from tests can be useful e¢bunselling
process especially on matters relating to choiceacder.
- Test can be used to discover pupils special &sldnd aptitudes.

3.2.3 Administrative functions of tests

- Tests serve as a quality assurance fahools. Because it
provides a mechanism not only for maintaining séaddor a
school system but also for individual standards.
- Tests assist in the grouping or placement of stisdien teaching/
learning processes. This is based on the ab#ityndicated by
the scores of the students in the tests.

3.3 Forms of Assessment used in teaching/learning progses
There are different forms of assessmewith great potential for

determining students’ progress in teaching/learpirogesses. These
are:
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. Oral form
. Written (essay and objective) form
. Project form.

3.3.1 Oral form of Assessment
SELF ASSESSMENT EXERCISE 2

What is the usefulness of this form of assessnmemitégrated science
teaching?

This involves the student’s ability to describenarrate in his/her own

words the steps involved in a given task. Theidenice displayed in

such situations by student in the prese of an expert, his/her
communicative ability, his/her use of the apprajeriexpressions as well

as the commanding presence give a clear pictuasggobd mastery of

what has been learnt.  Without any bias or semtiptbe assessor can

easily classify the student as either excellenddgar average, below

average or poor.

3.3.2 Written form of assessment

SELF ASSESSMENT EXERCISE 3

How often do you as an integrated science teactemugage the use of
this form of assessment when teaching integratiethce?

This form of assessment is one that involves theéesits putting down

in writing the processes taken such adbservation, recordings,
calculating and interpretation. Written assessrnguasually in the form

of “paper and pencil” test, which could be in angaf the following

kinds:

(1) essay type test

(i)  objective type test

(i)  performance (practicals) type test

(iv) problems (quantitatives questions) type test.

3.3.3 Project form of assessment
SELF ASSESSMENT EXERCISE 4

What form of assessment will you as an integratéehse teacher use in
assessing your teaching?
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There is a difference between the project formsseasment and any of
the two forms of assessment earlier mentioned. science class with

particular reference to integrated science, theogyractical work are

assessed by either of oral or written forms of sssent. In the case of

project, whatis to be assessed is reallzewt is a permanent end
product which can be physically displayed fortalkee, appreciate,

comment on and finally assessed.

3.4 Essay type test

This is used as a means of evaluating the quaktatspects of verbal
instruction. The test items require the studemiimpose a response of
some length, usually by integrating materials frmrariety of sources.
SELF ASSESSMENT EXERCISE 5

As a science teacher, when will you say the esgag/test is required?

The essay type test is used especially when thecigsires:

. explanation, description and prediction ogbrocesses and
structure;

. description of instruments, apparatus, etc.

. exposition of theoretical knowledge;

. interpretation of experimental and numerical data;

. discussion of results of experiments and solutioproblems.

SELF ASSESSMENT EXERCISE 6

Construct four essay type questions in integrated nseie for
students on the concept of work.

3.4.1 Merits and Demerits of Essay Type Test

The merits of essay tests are:
It promotes better study habit;
It reduces the possibility of cheating;
It requires a high degree of thinking rather thate tearning;
It demands recall rather than identification

The demerits of essay tests are:

e Itis difficult to draw up good questions for thesay test;
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. It is difficult to score because it takes a grezdldf the teacher’s
or scorer’s time;

. Scoring of essay test is  highly suliject because the scorer
tends to carry impressions from one paper to anpthe

. The result of scoring is often less reliable beeanfthe scorer's

mood and its subjectiveness.
3.5 Objective Type Test

An objective test is one in which the test itenes so framed that there

is only one correct answer to eachquestion The answer is
predetermined and the test will give the same simoreach item for

since

individual since the marks cannot befluenced by the biases and
prejudices of the teacher.

SELF ASSESSMENT EXERCISE 7
List the forms of objective test

In objective test, subjectivity in scoring or mangiis eliminated, thus
the answers to the questions can be marked bydandoal who has no
knowledge of the subject matter using the pre-pegpenodel answers
marking scheme.

There are various forms of objective test and tblessification depends
on the type of response which is being sought. r& hee four classes of
objective test that are commonly used in the schetting. These are:

short answer items or completion test
multiple choice items

matching items

true false items.

3.5.1 Short answer items or completion test

This test is not like other types of objective sestCompletion test items
are not objective enough to allow anybody workiolgly from a key or
a machine to score the test. It has the advari@gét reduces guessing
to a minimal level and demands recall rather te@ognition. Some of
the demerits of this type of test are:

it encourages rote learning;
it is more difficult to construct;
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scoring is relatively more tedious.
SELF ASSESSMENT EXERCISE 8

Construct five short answer items on a chosen topigtegrated science
for JS1 class.

In this type of objective test, the students sugpigwers which are
always in short sentences:

1. The outer layer of an animal cellis ...............ccoiii .

2. The vacuoles of animal cell may contain .............................

3. The cell wall of a plant cell is de of a substance called
4. Living things can be divided into .................... and

5 Animals that eat grass only are called ......................co e

6 Living organisms without backbones are called ................

7. Plants can be classified into .................... and ...........oeeees
8. Animals with backbones are called ........................cooll
0. Another name for backboneis .............c.ocoo
10. Most animals move about, while plants remain.in..............

3.5.2 Multiple choice items

This is the most widely used objective test becaiises adaptability
and wide application. In the multiple choice tesich test item may
start with an introductory question or an incomplstatement together
with a number of alternative answers of which anedrrect and the
remaining are incorrect.

SELF ASSESSMENT EXERCISE 9
What are the merits and demerits of this type sif2e

This type of test often requires the students kecseesponse, which is

correct for a particular question from a given ¢isbptions. The merits

of this type of test which may comen science teachers of the
versatility of this type of objective test are:

. it allows for a large sample of test items

. there is complete objectivity in scoring

. it reduces the factor of chance success

. it can be used with a wide variety of material

Some of the demerits of multiple-choice tests are:
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. it is prone to cheating
. it aids recognition rather than recall
. it is generally difficult to construct.

Examples of multiple choice test on integratedrsmeare:

All living things are made up of ..........coooeiiiiiiiiinnne.
cellulose

one or more cells

no cell

less cell

more or less cells

moowzxrF

n

The activities of the cell in either plant or aninsacontrolled by

vacuole
membrance
cytoplasm
nucleus

cell wall

moow2>

Which of the following group of animals are carmes?
goat and cow

cow and cat

cat and dog

goat and cat

cat and man

moow>»w

Which of the following is NOT an example of a véntate?
snake

frog

lion

centipede

bird

moowz>» &

w

.5.3 Matching items

This type of objective test is essdiytiaa series of multiple
items, each item in the first column is to be paingth an alternative in

the second column. Every test item is made upvofdarallel lists: One
containing stimulus (words or phrases), the otlataining response

alternative.  The students are required to mdtehtéms on the two

lists.
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SELF ASSESSMENT EXERCISE 10
When is the matching item useful in teaching /neay process?

When the learning of a particular integrated saetmncept requires the
association of two things in the student’s minds tiipe of test items

comes into play. In integrated science, matchieins are used to gain
knowledge of terms, definitions, laws, tools aneithises, illustrations,
charts, diagrams etc. Examples of matching itemistegrated science

are:

Instruction: Match items on Column A against stagata in Column B.

A B
Chloroplast A rigid structure which supports the body
andrgoortant in movement.
Omnivores The substance that make the plant cell
more rigid than an animal cell.
Skeleton Small green objects which give plants
thelrazacteristic green colour.
Cellulose Animals that feeds on both fdaand
flesh.

3.5.4 True — False Items

Of all types of objective items, true/false itenthie most susceptible to
guessing. It is worthy of note that, this typdesfting has become less
useful as a means of assessing student’s learnbegroes. This type of
test is usually used for testing factual recall datinitions of terms. An
inherent weakness of this testing technique isithadifficult to find

good true/false items as it is not easy to find ynstatements, which are
true or false.

Examples of true/false items on integrated sciamee

T F- All living things are made up of one or more cells.

T F - Animals that are made up of one calinly are called
unicellular

T F- Animals that feed on plants only are called carrego

T F- Spiders, scorpions and mosquitoes are vertebrates
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T F- The followings are characteristics of iy things:
Movement, Feeding, Reproduction, Dancing, and $heep
etc.

3.6 Principles of test construction in science teaching

Beside the expertise advice given by the test ¢éx@érthe beginning of
this unit, it is also important to take note of folbowing points when
constructing objective tests in science subjects.

. Identification of major concepts to be tested.

. Identification of the different cognitivelevels at which
concepts are to be tested.

. Decision on the number of test items to be includetie test.

. Preparation of a table of specification to guide gs a science

teacher on the selection of test items to be used.

Table 1: Table of specification for an integrategtsce multiple choice

the

test
COGNITIVE LEVELS TESTED

Integrated  Sciencg Knowledge | Comprehensioh  Applicatiqn ~ Analydis Sesib | Evaluation| TOTAL
Concepts Tested
Learning about 3 2 1 0 0 0 6
things
Living things 4 2 2 0 0 0 8
Reproduction 3 2 1 0 0 0 6
Personal Health 5 3 2 0 0 0 10
Total 15 9 6 0 0 0 30
Table 1: illustrates the specificationsequired in terms of integrated

science concepts and cognitive levels. The tdidevs that 4 integrated

science concepts are to be tested across 6 caglatiels as proposed

by Bloom (1956). The number of item& be selected from each
concept is indicated while the items r peoncepts are spread
proportionately across the cognitive levels.

SELF ASSESSMENT EXERCISE 11

Give detailed interpretation of the table of speation shown in
table 1.

In all, a total of 30 items are generated to c@lethe 4 integrated

science concepts listed. The 30 items are alsadpaccording to the

cognitive levels required in all the concepts.islbbserved that no item

was distributed in each of the integgat science concepts to the
evaluation levels of cognition. This is becausthatjunior secondary

level of integrated science learning, students h@ase not attained such

level of cognition. In the 4 concepts to be testedtems are distributed
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to analysis, synthesis and evaluation becausdélisved that these
concepts are usually considered abstract by stsideWith reference to

the National Curriculum on Integrated e®ce, the document
recommended that items to be tested should coedirgt two cognitive

levels (i.e. knowledge and comprehension) for itst year of junior
secondary level while the first threeevdls (i.e. knowledge,
comprehension and application) are recommendetthéothird year of

junior secondary level.

3.7 Marking schemes for grading essay type and objeve
type in Integrated Science

SELF ASSESSMENT EXERCISE 12
What is a marking scheme?

A marking scheme is a model solution prepared bgxaminer with

marks distributed proportionately across thiéfeknt sections of test
items in the essay type examinations. In the ofebjective test, the
marking scheme required correct responses. Alkcoresponses carry
equal marks despite the varying degrees of diffycatsociated with

different test items.

SELF ASSESSMENT EXERCISE 13

List the factors that can make the rkimg of essay type questions
subjective.

In preparing a marking scheme for essay type questthe examiners

are expected to provide solutions toe thquestions posed section-by-
section. For instance, if a typical essay type tjoresittempts to test

knowledge, understanding and application of a ga@eantific concepts.

In preparing the marking scheme for such an essasgtipn, solution

provided must reflect knowledge, understandingaplication of the

concepts tested.

SELF ASSESSEMENT EXERCISE 14
How will you carryout the mark distribution for @ssay type question
on integrated science concept that attempgo test the first three

cognitive levels?

In distributing marks to the differenievels of cognition tested,
applications of concepts are expected to carry maight (i.e. more
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marks) than comprehension (i.e. understaydi while knowledge
facts in most situations should carry least marks.

4.0 CONCLUSION

In this unit, you noticed that evaluation in teadlearning processes

should be a continuous process and #uegral part of curriculum
development and classroom instruction. fen  integrated science
teacher, you need to pay more attentit@ assessment of integrated
science students’ learning outcomes in both thaodyobjective type
examinations.

50 SUMMARY
In this unit, you learnt that:

- the most reliable method for assessirggudents’ learning
outcomes is the use of tests

- test is a series of activities purpgseldesigned to
measure

- learners abilities in the area of cognition andgbsynotor
assessment is the process or method of findingloauat students

- progress
the three major functions of tests are:

. Instructional
. Guidance
Administrative

the three forms of assessment in teaching/leamriogesses are:

. oral form
. written (essay and objective) form
project form

the forms of objective type test used in schodirsgare:

. short answer items
. multiple choice items
. matching items

true -false items

steps to consider while constructing objectivest@sscience:
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. identification of major concepts to be tested
. identification of the different cognitive levelswahich concepts
are to be tested
. decision on the number of test items to be includdtie test
. preparation of a table of specificatiobo guide you on the

selection of test items to be used.
6.0 TUTOR-MARKED ASSIGNMENT

1 What is item analysis in science tests?

2 How would you ensure content validity of integraseience test
set for first year students of junior secondarel@v
3 List the characteristics of a good integrated s®eest items.
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