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INTRODUCTION

This course is EDU 754: SUBJECT METHODS (INTEGRATED
SCIENCE). There are 3 modules namely Historical édgwment of
Integrated Science and Philosophy, Philosophical Bsychological
Development of Integrated Science and Techniques Teaching
Integrated Science. It is a three (3) credit uoiirse and consists of
eleven study units. No prerequisites are required studying this
course. This is because it has been prepared saitaple illustrations
that are indigenous in character. Other aspects dh& technical in
nature have been systematically presented in a enatirat would
progressively enhance your understanding.

The course guide constitutes one of the many resomaterials which
you can avail yourself of towards effective studgdasuccessful
completion of both the course and programme of wbudly.

Contained in this course guide are very useful gsecf information
relating to the course. These include: aim andnuhed learning
outcomes, the content of the course, materialsytar use in this
course, services that are available to aid youmieg, and relevant
information about assignments and examination.dditeon, it guides
you on planning your time for a more purposefublgtunformation on
how much time it may take you to complete eachhefdtudy units, as
well as the tutor marked assignments is provided.

In addition to the above, this course guide ofarswers to a number of
guestions you are likely to ask. Notwithstandingy whould feel free to
visit (or call) your study centre in the event tlyau have other issues
requiring attention. In the light of all of thedayrge you to diligently go
through this course guide; carefully complete thedback form before
you commence studying the course. It is mandatoryéu to submit
the feedback form and your first assignment tottitherial facilitator.

| wish you success at every stage of your programme

COURSE AIM

The aim of this course is to introduce you to sarh¢he rudiments in
the teaching Basic Science and Technology in ephienary school or
junior secondary school or in tertiary institutiondu will learn and
understand the philosophy and objectives of IntegraScience as
incorporated in Basic Science and Technology cuiuim and its origin.
You will also be exposed to the different psychaday theories of
learning, their applications and implications ire tteaching of Basic
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Science and Technology which are necessary for tgouunction
effectively in your chosen field of study and caree

INTENDED LEARNING OUTCOMES

For each of the units that make up this coursaetlage a number of
intended learning outcomes. They are designed|mpyo@ in measuring
the degree of your progress in the course. It ig waportant therefore,
that you go through them prior to studying the ezsppe units.

Conclusively, by the time you finish this courseuyshould be able to:

. explain the nature of science

. advance reasons for science education curricului@rms in
Nigeria

. trace the historical development of integratedrsmen Nigeria

. discuss the concept of integration

. compare the characteristics of integrated scienced Baon-
integrated science

. understand the philosophy and objectives of integracience

. discuss the contributions of some cognitive psyabists such as

Brunner, Gagne and Piaget to science teaching &ed t
implication and applications in teaching integrasegnce

. outline the methods of teaching integrated science

. describe the various resources for teaching intedrscience and
improvisation

. describe the usefulness of ICT in the teaching leagning of
integrated science

. prepare a syllabus, scheme of work, lesson planleswbn note

for teaching integrated science in both primary gaodior
secondary classes

. design, organise and manage integrated scienceatabp

. develop test items for multiple choice and essayniegrated
science and other methods of evaluations applicabéssessing
outcomes

. Be prepared for degree programme in integratechseie

COURSE SUMMARY

An overview of the course is presented here in $avfrthe topics within
each module. Module 1 presents Historical Develagnoé Integrated
Science and Philosophy. Module 2 explains Philosabh and
Psychological Development of Integrated Science anddule 3
presents Techniques for Teaching Integrated Sciefitgés course
comprises eleven (11) study-units. A study-unit pases a unit of
work to be done in one (1) week, and whose congriatquires you to
put in about three (3) hours. Each unit containecs intended
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learning outcomes, guidance on how you should stothterial to be
read, self-assessment exercises. You should be tabkchieve the
intended learning outcomes stated for each of théyaunits and the
course if you devote quality attention to the eisare and assignments.

TEXTBOOKSAND REFERENCES

The primary text for the course is your course malte This
notwithstanding, it is very important that you egsadditional sources.
You will find a list of references and other maadsifor further reading
at the end of each unit. Make some effort to gehasy as you can.

COURSE MARKING SCHEME

Your assessment in the course will be based orrtecyar grading or
marking scheme. This is presented below:

Assessment Marks

Assignment 1-4 (four submitte( Three assignments, marked oui
but the best three ofall the 10% each, totalling 30%.
assignments selected)

Final Examination 70% of overall course score

Total 100% of course score

COURSE OVERVIEW

The table below presents the course in terms oftithe required to
complete each of the study-units in addition todksignments.

Unit | Title of Study-Unit Weekg/Activity | Assignment

Course Guide 1

Module 1 Historical Development of Integrated
Science

1 Nature and spirit of science 2 Assignment

2 Science Education Curriculy 3 Assignment
Reform in Nigeria

3 Historical Development (4 Assignment
Integrated Science Curriculum
Nigeria

4 Concept of Integrated Science 5 TMA 1 to be

submitted

M odule 2 Philosophical and Psychological Development
of Integrated Science

1 Philosophy and Objectives |6 Assignment
Integrated Science Psychologi

vi
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Theories and Implications f
Teaching
2 Integrated Science 7 Assignment
3 Methods of Teachindntegrate( 8 Assignment
Science
4 Resources for Teachil 9 TMA 2 to be
Integrated Science submitted
Module 3 Techniques for Teaching Integrated
Science
1 Planning for Integrated Scien 10 Assignment
Teaching
2 Integrated Science Laboratg 11 Assignment
design, safety and Management
3 Evaluation Procedures of t 12 TMA 3 to be
Outcomes in Integrated Scier submitted
teaching and learning process
Revision 13
Examination 14
Total 14

Using the overview above, plan your personal timletao aid your
study.

HOW TO GET THE MOST FROM THIS COURSE

As far as distance learning is concerned, you gwoutih course
materials that are carefully prepared in a manhat would enable you
read and study in ways suitable to you. The stugijsun this course
have been prepared in a fashion peculiar in distéarning where you
do not need face-to-face engagement with a lecturer

Following from the above, the various study unisgess unique
characteristics that have been prepared to enreasgstematic study of
this course. In each of the study units, therenigndroduction, which
serves as an opening to the unit and a link betw#&erand
preceding/successive units and the entire courseord, there are
prescribed intended learning outcomes, which yaukhattain by the
time you have gone through the respective units.

As a “compass”, you should refer back to the ingshdearning

outcomes after you have completed each unit tosasgeur degree of
attainment. Attempting the self-assessment exer@beuld guide you
toward attaining the intended learning outcomesesithey aid you in
self-evaluation of the work done. Therefore, attengvery self-

assessment exercise as you encounter it in théefate progressing to
other issues.

vii
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Each study-unit also consists of glossary and suwyymahich are

intended to unite the areas treated in the unitedéal act as “prompters”
to aid you in recalling the salient aspects of wixa had previously
studied in the unit.

Going through each of the units — involving studyia unit and
attempting the exercises and assignments — woléd ylau about three
(3) hours. Therefore, ascertain the duration oktyou put into the first
unit so as to enable you know the average timertteat be required to
complete each unit, and be able to plan your tiatéetcorrespondingly.
There are wide margins on both sides of each padeei course book;
you are to use the spaces to note important idegsomts for the
purpose of quick revision. We have no doubt thatpu make effective
use of the various features, your performance i® ¢burse would be
satisfactory.

COURSE DELIVERY

You are an open and distance learner. Your learmesylts from

studying your course material, and the guide pmdido help you

navigate through the course. Because you are nghtayour course
directly by a conventional teacher, certain serm@ehanisms are put in
place to enhance your study of the course. Theskida tutorials,

facilitation, and counselling.

TUTORIAL SESSIONS

The main purpose of tutorial sessions is to proaderum where you
could present your questions to an individual, Whoctions as your
tutorial facilitator, and whose responsibility & {0 provide answers or
clarifications that would enrich your understandaigiour course. Eight
(8) hours of tutorials are allowable in this cour§aerefore, you could
maximise the period by ensuring that you have tienp number and/or
e-mail address of your tutorial facilitator.

The study centre nearest to you is the point whdoemation about the
venue for tutorials and the time allotted for faation is provided. You
are therefore, encouraged to study and prepare goestions prior to
your attendance at a tutorial session so as tbleet@benefit optimally.
The flexibility of tutorials allows you to arrangeith your facilitator

what such sessions would entail. Although tutor&ks not mandatory,
participating in them has the potentials to enhayme performance in
the course and your programme.

viii
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FACILITATION

As stated earlier, you will have opportunities taeract with your
tutorial facilitator, who is an expert in the fiel@he sessions that you
would have with him will be conducted in Englishadically, the
medium of instruction shall be the course matetdwever, certain
practical integrated science lab activities woule ibtroduced where
necessary to help in demonstrating some concegtsytiu might raise
guestions about. You are encouraged to go throvggsaof the course
material that are not too clear to you, and noter yguestions in ways
that would clearly express areas where you requlegifications.
Sessions will be held in the study centre neacegbtl. You are advised
to note the average time it would take you to legwer home to get to
the centre so that you will not be unduly late foeetings. However,
facilitation shall be conducted under flexible agaments. Therefore,
let your facilitator know ahead of time if you wdube late to meetings
or be absent altogether. Also feel free to ask yotorial facilitator
guestions regarding your assignments, and oth&cudifes you might
have in relation to the course.

COUNSELLING

In order to help you cope effectively with your gramme generally,
counselling services are provided to address issdiggersonal and
academic nature. These services are provided bgethiee manager and
tutorial facilitators. These individuals are on Hamo handle the
challenges you might have so that they become neatdey Therefore,
ensure that you have the phone numbers as weleas-inail address of
your study centre, and those of your centre managefacilitator.

ASSESSMENT

Opportunities are provided for periodic assessmeAssessment is
approached from two perspectives; you assess yodiseng the course
of your study of the course material by attemptihg self-assessment
exercises in each unit. You are to judge your parémce in the light of
the model answers provided for each question. @leswers are to be
seen after you must have done the exercise). Tlaeee some
assessments that are carried out by your tutor grhdes your tutor-
marked assignments as well as your examination rpafdde tutor-
marked assignments must be submitted to your fatch at the
stipulated time for each.

However, if you have genuine reason(s) why youmssbion(s) would
be late, let your facilitator know on time, and wher it would be
possible to grant you an extension. You are reduivedo a total of four
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(4) tutor-marked assignments. However, only thré¢he best would
count towards your grading. Each of the three igghted 10% (a total
of 30%).

In preparing your tutor-marked assignment for swdsion to your
tutorial facilitator, ensure you observe the foliog

. Write the course code and title, and the assignmantber on
the cover of your assignment. It should also inelydur name,
matriculation number, your programme and the dafe
submission.

. Make your answers to the questions as compact ssibpe. In
other words, be direct to the point. Your responsiesuld be
based on the course material, other reference sswed your
personal experiences.

. Use ruled foolscap sheets for your assignments, naakie for
yourself a copy that you can easily refer to. Thewaers should
be hand written, and margins of about 1.5 inchesilshbe given
at the left side of your sheet(s). Give enough splaetween
guestions.

. Ensure that your assignment gets to your tutoaailifator on or
before the date given for submission.

In the event that your work will not be ready b teadline, inform
your centre manager and tutorial facilitator tadfiout if there could be
an extension.

FINAL EXAMINATION AND GRADING

There will be a final examination in this cours&BU 754 — which will

last for two hours. Grading of the examination kbal based on 70%.
The examination questions will bear relationshipthwithe ones
encountered in the self-assessment exercises amor-marked

assignments. The assessment will cover all are#iseofourse. You are
encouraged, therefore to study all the aspectotighiy. In addition to
going through the various exercises and assignmeotspare your
responses in your copies of the tutor-marked asségis with your
present understanding to see whether there is smpvement that
you could utilise in the examination.

Your eligibility to sit for the examination will béased on your
submitting all four tutor-marked assignments ptmthe examination. It
will also depend on whether you have registered tage the
examination. To ensure that you are not late instegng for the
examination, consult your centre manager who shbeldble to provide
you with information on registration.
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CONCLUSION

The purpose of this course guide is to formallyadtice you into the
course, and to lead you through certain measunesgold take to make
the best out of this course, and enhance your tveesformance in
your programme of study. These measures are cextanthe aim and
intended learning outcomes of this course, couunsensary, overview,
self-assessment exercises, among others. You sigeddo thoroughly
study this course guide and ascertain if you hawerstood the issues
discussed before proceeding to study the course.

SUMMARY

The course EDU 754: (Subject Methods) Integratadrge is designed
to introduce you to some of the rudiments in treeléng Basic Science
and Technology in either primary school or juniecendary school or
in tertiary institutions. You will learn and und&sd the philosophy and
objectives of Integrated Science as incorporate@asic Science and
Technology curriculum and its origin. You will alfe exposed to the
different psychological theories of learning, thepplications and
implications in the teaching of Basic Science argthhology. The
development of science process skills is the bandmtegrated science,
as trained Integrated Science teacher you willduepped with the type
in teaching methods that will enable you develop $lcience process
skills in the teachers in training as well as stiuden basic science and
technology at primary and secondary school leviig course will also
improve and increase your knowledge for high edanaEDU 754 will
help you to understand the process of improviséatian will enable you
improvise your teaching materials as alternativeirothe absent of
standardised materials. The course will equip yohe able to develop,
organise, manage and use Basic Science and Tegdynlalooratory in
teaching as well as ensure safety of both matesiadspersonnel. You
will be exposed to the use of ICT as an instrueiomaterial and
learning instrument and to develop your computesrdcy that will
enable you teach with ICT equipment and develop li€facy in pupils
and students as well as teachers-in- training.hatend of thoroughly
studying the course, you should be able to appérmet the aspects of
this course addressed.

xi
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MODULE 1 HISTORICAL DEVELOPMENT OF
INTEGRATED SCIENCE

INTRODUCTION

In this module, you will be exposed to the histafridevelopment of
integrated science in primary and junior secongahpols. The module
will examine the nature and spirit of science, thacept of integrated
science and its relationship with STEM (sciencechm®logy,

engineering and mathematics). The module is dividemfour (4) units
namely:

Unit 1 Nature and Spirit of Science

Unit 2 Science Education Curriculum Reform in Nige

Unit 3 Historical Development of Integrated Scierteducation
in Nigeria

Unit 4 Concept of Integrated Science and STEM

UNIT 1 NATURE AND SPIRIT OF SCIENCE
Unit Structure

1.1 Introduction
1.2 Intended Learning Outcomes
1.3 Nature of Science
1.3.1 Meaning of Science
1.3.2 Product of Science
1.3.3 Branches of Science
1.4  Spirit of Science
1.4.1 Science Process Skills
1.4.2 Scientific Attitudes
1.5 Summary
1.6 Glossary
1.7 References/Further Readings/Web Resources
1.8 Possible Answers to Self-Assessment Exercises

1.1 Introduction

You did chemistry or biology or agricultural scienin secondary
school, how did you perceive science? Many studpetseive science
as abstract and difficult to learn in school. Buamrtannot do without
science. Science is very important in human lifee Méed science and
we are all enjoying the outcome of science. In timg, we are going to
discuss the meaning of science, product of scidmegches of science,
science process skills and scientific attitudestiBaytime we finish our

1



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)

discussions in this unit you will be able to expldhe relevance of
science to humanity.

1.2 Intended Learning Outcomes
By the end of this unit, you will be able to:

explain the meaning of science

identify the products of science

differentiate the different branches of science
Carry out some science processes

identify the scientific attitudes

1.3 Natureand Spirit of Science

1.3.1 Meaning of Science

As earlier mentioned, you did science in secongahool. From your
understanding: What is science? Science is marigitees to explore
and explain natural happenings. In the early ddysuo fore-fathers,
twins were killed. It was a taboo. Today, tripletee considered as
blessing. One can leave Nigeria in the morning @nath London by
evening. So many other things. Why are these thpugsible? What
brought about these changes? These are the waskierice. Science
consists of observing the world by watching, ligten observing and
recording. It is curiosity in thoughtful action alidhe world and how it
behaves (https://spaceplace.nasa.gov > science@ncec is man’s
activities to explore and explain natural phenoméh# a process of
acquiring knowledge of our environment. It is mag&e way to nature.
Baja (1992) beautifully described science as thaticoed search for
adequate methods of understanding our environm&otording to
Ezeliora et al (2011), science is a body of orgahisnowledge acquired
through a process of inquiry. Abd-El-Khalick (199&xplained the
nature of science as making the unnatural nat8@énce is knowledge
that concerned with the physical world and its mmeena and involve
unbiased observations and systematic experimenidfi@m the above
explanation, science is both process and product.

Self-Assessment Exercise 1

In your own understanding explain the concept s@en
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1.3.2 Productsof Science

In the previous step you learnt that science igacgss of acquiring
knowledge of our environment. When the knowledgaagquired, it is
converted by the same process and applied to tieoement either to
change or improve it to meet the needs of humaimtynvestigations,
the process is used to generate and gather dagaddfh is analysed and
interpreted and applied to the environment. Scieadeoth a body of
knowledge (Product) and method of inquiry (Process)
(https://www.pupilstutor.com> relate). Resulting the product of
science, finding cures to cancer and clear formengfrgy are just two
topic examples of product of science. Science gaegrsolutions for
everyday life and help to answer the great mysteokthe universe
(UNESCO, 2021). Describe one example of the prodiicscience.
Science contributes to ensuring a longer and heallifie, monitor our
health, provide medicines to cure diseases, atlevaghes and pains,
help to provide water for our basic needs includiogds, provide
energy and makes life more fun including sportssimutechnology.
Last but not the least, it nourishes our spirit E8CO, 2021).

Science has helped man discover the mineral-crilda ¢he ground,
discover the benefits of tree to man. From all ¢hewan is able to
develop, build and manufacture many things thaehmade human life
better. Science has helped man to accomplish Gagliaction to till

and subdue the Earth (Ezeliora, 2016).

Science product is never born spontaneously irareeemind. Normally

it is a result of efforts of many scientists whegarks and achievement
have provided the background for and paved waéoirtventions of

new products. Products of science is continuougen$e is a product
because without these historic steps, a yet marglx idea could not

have appeared. Without Newton’s laws of motion,skEém would have

nothing to build upon.

Product of science can be physical or virtual. Riaygroducts include
durable goods such as cars, furniture and compuatedsnon-durable
goods such as foods and beverages. Virtual prodawds offering
services or experiences such as education andaseftw

Self-Assessment Activities 2

Describe one science product that is invented basegrevious
knowledge.
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1.3.3 Branchesof Science

Science by nature is integration of many ideasnmvkedge. Science is
divided into three main branches of science: playsscience, earth

science and life science. Physical science describe world as

observed by use of physical measurement of masgthleand time or

their derived units like velocity, force or volumEBEhere are branches of
science that deals with inorganic materials which raaterials that are
not living. Some examples of physical sciencespdrgsics, astronomy
and chemistry. Earth science is a field of natacance that deals with
the materials of the earth and its atmosphere. Stypes of earth

science include meteorology, geology, oceanograpiuyenvironmental

science. Life science is a branch of science tmatlves the study of

organic things which are things that are living.efid are several
branches of life science including biology, ecologyd agriculture

(https://www.indeed.com Hittps://neurotragom>).

1.4 Spirit of Science

In our previous lesson in one of the definitionssoience we discussed
science as a process of acquiring knowledge ofeouronment. Now
you are going to learn the spirit of science wlacé the science process
skills and their influences on the behaviour anldeaf scientists.

1.4.1 Science Process Skills

Science by its nature is a process. Acquisitioscéntific knowledge is
a process and its application involves processebatWare these
processes? Science processes are those methotpsffallowed in

acquiring scientific knowledge. They are the methqgueculiar to

science in determining the facts about nature. Tdreycalled scientific
methods (https//www.researchgate.net). The methmadve exploring,

observing and answering questions ( https://stesia.org). Scientific
methods help to focus one’s scientific question awmatk through

observation and data collection to answer the guresthey are step by
step activities used in the process of acquiringndgiéic knowledge. In

the process of applying the scientific methods, deselops skills

known as science process skills.

Processes Skills

Observation: This is the basic stgpObservation skill
to scientific method. It involves
critically looking at a substance so
as to explain or describe it in detqlil

Classification: After observation Classification skill
you group the substance based|on

4
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your observation according 1o
similarity and differences based on
size, shape, colour, texture.

Measurement:  this  involves| Accuracy
determining the numerical value pf
size, volume, length, weight.

Prediction: From the information Judgemental skill
you get from above you may guess
what the substance is

Analysis. This is going into details Investigative skill
to determine the characteristics |of
the substance such as boiling and
melting points, soluble or insoluble
in water, action with heat

Inference: From the characteristicdnference skill
above, you can for sure say that the

substance is this. You give it|a
name

Synthesis: you treat the substancénventive, creative, innovative
with other materials to find outskill
what it will form. Compare the new
substance  with the original
substance.

Experimentation: with the new Investigative skill
substance formed you begin the

investigation again starting with
observation

From the above table you could see that each ppat®elops a skill in
the individual. These are the scientific methodsp acalled science
processes. These processes develop in the indivisience process
skills.

Self-Assessment Exercise 3

Get a tumbler, add water to half of it and add tubes of sugar to it
Look at it after three minutes and explain what gea. Which of the
process skills have you acquired?

1.4.2 Scientific Attitudes

What you learn influences your behaviour. For examfawyers are
logical, mathematicians are conscious of numbemperders carry on
pencil on the head for measurement. The procesauyed in learning
brings change in your behaviour, attitude and \al$® also the use of
scientific methods by scientists develops in theome scientific

5
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behaviours or values. Scientific attitude is theside to know and
understand, questioning to all statements, seapchdata and their
meaning, search for verification and consideratainconsequences,
(Gardner,1975; Osborne, Simon & Collins, 2003).e8tfic attitudes
are beliefs, values qualities held in awe by scs&nt Scientists have
guestioning attitudes. Give one example of sciengttitudes. These
attitudes are:

Curiosity: this is an eagerness to know, to find out and raske
guestions emanating from observations, measuringssifying,
inference, analysis and so on. When you are loo&tirtge tumbler with
water and two cubes sugar, what attitude are ydib#ng? You are
trying to find out what happened to the sugar.

Objectivity: giving judgement based on facts without sentiment.

Sceptics: Suspending judgment and respect for evidence lelvast
facts.

Humility: Ready to accept corrections and criticism froneogh
Open-mindedness. Science is activity oriented involving many people
who must work as a team to support other's ideas thlate one’s
knowledge.

Team Spirit: ability to work together

Honesty: reporting results without manipulation (
https://www.researchgate.net>).

These are the scientific attitudes, values whiohk @raracteristics of
scientists.

Self-Assessment Exercise 4

As an Integrated Science teacher, which of thensiie attitudes
have you develope

15 Summary

In this unit you have learnt that science is a psscof acquiring
knowledge about our environment. The outcome ofpifoEesses give
rise to the products of science used in solvingbl@as facing
humanity. Science is made up of physical and biokdgomponents. In
using the science processes, the individual degetoentific skills and
develop scientific attitudes.
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16 Glossary

o Products of science: knowledge acquired using science process
skills. That is science as process and product.

o Scientific Attitude: behaviours or values exhibited by scientists

such as curiosity, honesty and so on.
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1.8 Possble Answersto Self-Assessment Exercises

SAE 1

Science is an organised knowledge acquired thratghprocess of
scientific method. Science is man’s activities tglere and explain
natural phenomena. It is a process of acquiringwkedge of our
environment. It is man’s gate way to nature.

SAE 2
Nikola Tesla and Thomas Edison are the peopleitkiahted electricity.
Their invention was based on Faraday’s Law of Etdygsis.
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SAE 3
The sugar dissolved in water as no trace of it e@n. The process
skills I have acquired is observation.

SAE4
Honesty: | can report observations correctly armiestely
Measurement: | measured correctly during titrabbthe acid and base.
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UNIT 2 SCIENCE EDUCATION CURRICULUM
DEVELOPMENT AND REFORM IN NIGERIA

Unit Structure

2.1 Introduction
2.2 Intended Learning Outcomes
2.3 Science Education Curriculum Development anibiRe
2.3.1 Science Curriculum Development
2.3.2 Trend in Science Curriculum Reform
2.3.3 Development of Basic Science and TechnolatycBtion

Programme
2.4  Summary
2.5 Glossary

2.5 References/Further Readings/Web Resources
2.6 Possible Answers to Self-Assessment Exercises

2.1 Introduction

In this unit, you will learn some of the events ttHad to the
development of science curriculum, the trends engbience curriculum
reforms and the development of the new integratéehse curriculum-
the Basic Science and Technology curriculum fompry and junior
secondary school students.

2.2 Intended Learning Outcomes

By the end of this unit, you will be able to:

. explain the reasons for the development of scienceculum
. describe the trend of reforms in science curriculum
. give reasons for the new integrated Basic Scienod a

Technology curriculum.
2.3 Science Curriculum Development and Reform

2.3.1 Science Curriculum Development

In the previous unit, you learnt the nature of scee and spirit of
science. In this unit, you will learn how the coptef integrated
science come into existence. In Nigeria, the iniatidn of some form
of science dates back to the time of the Christissionaries in 1840s
and 1850s but was not rich enough to help developm®erious
teaching of science was delayed by the missionamekthe colonial
rulers. Since the motive for colonisation was eSaby exploitative

trade and only tangentially education, the issuscednce education for

9



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)

the development of the natives was not considergzbitant. Africans

like Nigerians were assumed to be inferior humandig incapable of

understanding core science by the colonial mastéhat was taught as
science was called Nature Study. Later, it was rguefd to General
Science. Its depth was too shallow and the langaageexamples were
purely Europeans (researchgate.net). When sciemaseintroduced in

the primary schools, physics, biology and chemistgre taught in

secondary schools.

The science curricula developed were patternedaaiagted to foreign
ones both in language and presentation, even eeamydre foreign to
our children. With the launching of Sputnik 1 bysRians in 1957, there
was a worldwide review of the philosophy of scieedecation. Federal
government realising the importance and cruciak rof science in
nation building, noticing that the deficits in thature of science been
taught to Nigerian children cannot lead the couttranywhere. After
independent, in 1969 curriculum summit was convdoe@view all the
school curriculum and adapt them to suit Nigerihitdcen and address
Nigeria’'s problem. Science was among the schooljestd given
thorough reform and review. Science Teachers Aasioni of Nigeria
(STAN) formed in 1957 was called upon to develog tbcience
curriculum to suit our learners to the benefit air @ountry. STAN
created and developed science curriculum for pyneard secondary
schools and later developed Integrated sciencejuioior secondary
school as link between primary science and secgnsldrool science.
The curriculum for physics, biology and chemiswilidwed the trend as
in developed countries like America and Europe. iatems in
curriculum trend were mostly in the primary and ipunsecondary
schools.

Self-Assessment Exercise 1

Describe the situation that gave rise to refornSoience Education
in Nigeria.

2.3.2 Trendsin Primary and Junior Secondary School Science
Curriculum Reform

In the previous days, you learnt development afrsme in Nigeria. A lot
of external influences and foreign curricula motad many of the
curriculum innovations in science in primary andigr secondary
school. Some of the foreign curricula are: EleragnBtudy of Science
(ESS) in 1960, S-A Process Approach (SAPA) of 1962jence
Education for Africa Project (SEAP) of 1970, Sciendeacher
Education Project (STEP) of 1970 and so on. Duthése influences
and coupled with the historic National Curriculuner@®rence held in

10
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1969, spurred various bodies including governmeenaies to develop
science curricula for primary levels that will et Nigeria’s needs and
suitable for the development of the Nigerian childs a result, each
region in the federation embarked on curriculumjgmband developed
curriculum for the children of their region includi science curriculum.
For instance:
o Primary Science Curriculum Project was developed 963 at
University of Nigeria Nsukka for primary schools the then
Eastern region.

o The African Primary Science Project was developed 965 at
Kano for the Northern region.

o Bendel State Primary Science Project was develap&d70 for
the Mid-Western region.

o Ife Six Years Yoruba Language Science Project veagldped in

1970 at University of Ife the present Obafemi Awedto
University, lle-Ife for Western region.
. Primary Education Improvement Project was developd
Ahmadu Bello University, Zaria for the Northern i@gin 1970.
o Ondo State Primary Science Project developed i4.197

All these science curriculum projects have one comrobjective to
produce child-centred science curriculum for thege¥ian child for
technological development of Nigerians.

STAN as a body with the introduction of the 6-3-&ducation system
was charged with the development and reformation soience
curriculum for both primary and secondary schoaldstts and to
produce one common science curriculum for primand gunior

secondary schools called integrated science whkicomtinuously under
constant review to address the needs of Nigeridd. ébther curriculum
agents are National Educational Research and Dawelot (NERDC).

The most resent curriculum under use for integraigdnce is Basic
Science and Technology Curriculum was developeNBRDC.

Self-Assessment Exercise 2

Explain the reasons for series of reform in thedotasic science if
Nigeria.

—

2.3.3 Development of Basic Science and Technology
Education Programme

The most recent innovative curriculum for integdateience in use in
Nigeria is the Basic Science and Technology culuwitu Which level of
school children use this curriculum and why? TheiB&cience and
Technology curriculum is developed for primary sch@and junior

11
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secondary school students. This two groups belorilget 6-3- system of
education for 9-Years programme. The 6-3- systemaksig to be for
basic education for laying the foundation for atiokvledge. Thus the
name: Basic Science and Technology. This was ie lwth the
introduction of the Universal Basic Education (UBBEystem in
September, 1988. Following this, in 2008 the Fed&avernment of
Nigeria through the Nigerian Educational Reseamt Bevelopment
Council (NERDC) developed and introduced the 9-Yd2asic
Education Curriculum (BEC) in schools by realignedgextant Primary
and Junior Secondary School Curricula to meet #netlrgets of the
UBE programme. In view of some contemporary andbnat concerns
and needs and to make the curriculum more practite present
curriculum was developed to meet the need to atMiblennium
Development Goals (MDGs) and implement the Natidg@nomic and
Empowerment Development Strategies (NEEDS).

The Basic Science and Technology is an integrateshce programme
meant to lay solid foundation for science and tedgy in primary and
junior secondary schools. It is also re-structusedl re-aligned to
include contents like environmental education, daebgse education,
population and family life education as well as sy transmitted
infections. The overall objectives of the new scerurriculum are to
enable the learners:

o Develop interest in science and technology

. Acquire basic knowledge and skills in science awthhology

. Apply their scientific and technological knowledged skills to
meet societal needs

o Take advantage of the numerous career opporturatiesed by
science and technology

. Become prepared for further studies in sciencetectthology

It is a 9- years programme comprises of 3 yeaianly Childhood Care
Development and Education (ECCEDE), 6 years of &ymand 3 years
of Junior secondary school. It also covers spectalventions directed
at nomadic and migrant children, mass literacy ali as the almajiris
and other wvulnerable and excluded groups. The n&gencies
coordinating the programmes of Basic Science anthii@ogy (BST)
are the Universal Basic Education (UBEC), NatioGammission for
Nomadic Education (NCNE) and National Mass Educa@ommission
(NMEC). The Education National Minimum Standard and
Establishment of Institutions Act 16 of 1985, tdget with the 1999
Constitution empowered the Ministry of Educationetosure a uniform
standard of educational provisions in school arltéges. In view of the
foregoing, the document charts the strategies aadl-map for the
education sector for the achievement of the gola\ésion 20-2020, 7-

12
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Point Agenda, National Economic Empowerment and elgment
Strategy Il (NEED II) and Millennium Development &s (MDGS).

Self-Assessment Exercise 3

Outline the objectives of Basic Science and Teabmlkcurriculum.
Do they reflect the spirit of integration of sciefc

24  Summary

Introduction of curriculum in our school system ethtback to the
missionary era. Subsequent approaches broughs sdrreforms to the
curriculum development including science curriculunithe unit
examined the trends in curriculum development amel subsequent
reforms following the subsequent changes in theaihn system. The
main objectives of the present science curriculombbth primary and
junior secondary schools are highlighted.

In this unit you learnt that introduction of sciencurriculum in our
educational system started with missionary acésitn our schools. The
earlier curriculum was not meant to develop usds not adapted to the
needs of the Nigerian child both in language anccantent. Every
aspect of the curriculum was foreign to the Nigeriehild. After
independent, Nigerians took to the reform of thericulum, made it
adaptable the Nigerian child so as to addressesdabés of the Nigerian
society. The reform of the curriculum is continudilisdate following
the changes in our education system and societgalsne

25 Glossary

These are targets government sets for human dewelupto be
achieved through education

o Millennium Development Goals (MDGSs)
o National Economic Empowerment and Development &gsatl
(NEED II)

. Vision 20-2020
o 7-point Agend&utunik 1: This is the first air craft that Russians
went to the Space with in 1957.
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2.7 Possble Answersto Self-Assessment Exercises

SAE 1

The existing science curriculum adopted by the malanasters were:

o Alien to Nigerian child

. Not adapted to suit the Nigerian child

o Too foreign to Nigerian child

o Has no knowledge depth to develop the Nigeriandchdr
national development

. The launching of the Sputunik 1 by Russia in 19%én=d
everybody’s to the relevance of science.

SAE 2

Many reasons were behind the reforms of the scienagiculum

namely to:

) have unified, one common textbook for basic sciemrel
technology

. effect reformation in line with Universal Basic Huition
programme

o achieve global view.

SAE 3

The main purpose of BSTC is to produce a curricuadaptable to the
needs of the Nigerian child so that at the end tifa child will be self-
reliant and contribute to the survival of Nigeriaaciety. Its specific
objectives include to:

o develop interest in science and technology

o acquire basic knowledge and skills in science actrtology

o apply their scientific and technological knowledgred skills to
meet societal needs

o take advantage of the numerous career opporturdfiesed by
science and technology

. become prepared for further studies in sciencetecithology.
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UNIT 3 HISTORICAL DEVELOPMENT OF
INTEGRATED SCIENCE IN NIGERIA

Unit Structure

3.1 Introduction
3.2 Intended Learning Outcomes
3.3 Historical Development of Integrated SciencerriCulum in
Nigeria
3.3.1 Outside Influences in the Development of 8&tience
Education
3.3.2 Regional Science Projects for Primary Schools
3.3.3 Introduction of Integrated Science Curriculmn®chools
3.4 Summary
3.5 Glossary
3.6 References/Further Readings/Web Resources.
3.7 Possible Answers to Self-Assessment Exercises

3.1 Introduction

In the previous units you learnt the nature anditspi science and
historical development of science curriculum andtla¢ reforms till
date. In this unit you will learn the backgroundatthled to the
introduction of integrated science in school cwlicn as well as
regional science projects embarked for the devedognof integrated
science curriculum to the present Basic Science @erdhnology
Curriculum.

3.2 Intended Learning Outcome

By the end of the unit, you will be able to:

. narrate the trend of events to the developmentntégrated
science curriculum

. describe the different regional science projectsl aheir
objectives

. compare the regional projects with Basic Scienced an
Technology

. explain the reason for Basic Science and Technalgyiculum.

16
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3.3 Historical Development of Integrated  Science
Curriculum in Nigeria

3.3.1 Outside Influences in the Development of Basic Science
Education

Many years before the T9century witnessed increasing demand for
basic school science as Physics, Chemistry ancdo@yoare taught in
higher schools. Thus, there exists a gap beforegetseto higher school
to learn about science. Varied factors of sociall aconomic
development during the time contributed to thiseasing demand for
basic science:

. The rapid development of science and technolodyurope and
America and their application to industry and ederylife

. Influence of laboratory method in technology

. Increasing demand for skilled labour to man devetbimdustries

. Emergence of a new philosophy of education thathasiped

pupils’ activity as a natural expression of biotajidevelopment

During these periods special interest groups deeel@attention to basic
science in schools. The primary objectives of basience programmes
were first-hand observation and experience. Expsration and
problem-solving types of teaching were considersdsignificant as
scientific technigues. Due to lack of teachers,gh@posed elementary
science could not be practice. This period alsonegsed great
enthusiasm towards nature from science educatorssscEurope,
America and Africa that geared towards introducingture study
programme in schools. The main purpose of the memmvas to
improve agriculture and to overcome the desire asimers’ children
from leaving the farm for the city. The objective$ nature study
focused on the learning of facts for their own sdkalso emphasized
the aesthetic and moral learning that might bevddrifrom scientific
observation. Nature study embraced the naturalpmdical sciences
but their subject matters were limited to biologiseiences. This was
because those who were interested in introducinmr@astudy in
schools were specialists in the biological sciendesarts of Africa,
America and Europe nature study still form partsohool curriculum
but with different names such as general scieno@j science, hygiene
depending on the country. With physics, chemistrg &iology been
learnt in the senior or higher classes, attempt® weade to launch an
integrated aspect of science in the primary schttas will enable the
pupils have integrated knowledge of their environtnenable them
have a holistic view of their environment. Thusesce at that level was
given general names such as nature study, genesaice or rural
science. In 1969, integrated science was initiae)NESCO to assist

17
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member countries in promoting scientific literaaya unified way both
at primary and secondary school levels (https://wajoV.info > view
and https://www.coursehero.com).

Self-Assessment Exercise 1

1 What outside factors led the introduction of int#gd science in our
school systen

In the past four decades, there have been chamgdéseinature of
science taught in our schools. For instance, seidrad become more
integrated and emphases have been on the prodbatsig concepts,
laws and theories) and the processes of sciencehwdtudents were
both to understand and frequently perform. The desaf 1960’s was
marked by the initiation and development of a nundfeschool science
curriculum projects that were designed to improweersce in the
primary level. After the 1969 curriculum summit,veeal primary
school science projects were embarked upon by iffereht regional
governments to improve science education in theegion
(https://core.ac.uk > PDF). Notable among the dmped primary
science projects are:

. University of Nigeria Primary Science Pilot Scheme
. African Primary Science Project

. Bendel State of Nigeria Primary Science Project

. Ife Six Year Yoruba Primary Science Project

. The Primary Education Improvement Project

. Ondo State Primary Science Project

. National Primary School Science Project

. Basic Science and Technology Programme

University of Nigeria Primary Science Pilot Study

This is the first Primary Science Curriculum prdjec Nigeria
developed at University of Nigeria, Nsukka in thernt Eastern part of
Nigeria as a pilot scheme in 1963. The scheme wia#yj sponsored by
the Faculty of Education, University of Nigeria, NM&a and the Ford
Foundation. The focus of the scheme was on locakemats and
improvised equipment such as the use of jam-ja)dmo microscope,
bamboo cages and so on in teaching of primary seiefhe essence of
using local material was to provide materials feadhing primary
science as well as to integrate science to thd lnederials within the
environment of the learner, to remove the abstredtire of science
from the early learner. The project placed emphasipupils’ practical
activities.
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The African Primary Science Project (APSP)

APSP is one of the earliest curricula innovativejgct in science at
primary school level. It was launched in Kano imuary 1965. The
project was sponsored materially and financially Upited States
Agency for International Development (USAID), Fordundation of
America and the Education Development Centre (EDGY)
Massachusetts. The programme was later referredstthe Science
Education Project of Africa (SEPA).

The purpose of the project was to create in thédi@m the spirit of
inquiry, a sense of curiosity and to develop imiitae skills, techniques
and mental attitudes to satisfy the inquiry spARSP with headquarters
in Accra in 1965 to 1970 provided copies of printedterials consisting
of pupils’ textbook to Nigeria and teachers’ guate films which were
distributed to schools mostly in Lagos. Also prihtend provided was
the Child Observation Checklist used in the evadmadf child learning.

Bendel State Primary Science Project (BPSP)

The BPSP which started in Benin city in 1966 wast fcalled Mid-

Western State Primary Science Project and latearhedknown as the
Bendel State Primary Science Project. The projexg directed by the
State Ministry of Education. It was jointly finarccéy United Nations
Educational Scientific and Cultural OrganizationNEESCO), United

Nations Children’s Fund (UNICEF), United Nations elpment

Programme (UNDP) and the Government of the formét-Western

State of Nigeria. The general purpose of the ptagthe development
of primary science curriculum and the training ehdhers to teach
primary science. The project was designed to blel-ceintred with the
aims of developing in the child the mind of inquisglf-confidence and
self-reliance through problem solving. In 1970, ieerof pupils’

textbooks called Science Discovery together with Treacher’'s Guide
were produced.

Ife Six Years Y oruba L anguage Science Proj ect

The project was part of an enlarged Ife Six Yeamu¥a Primary
Project initiated in 1970 at the University of lieder the chairmanship
of Prof. Babatunde Fafunwa. The overall objectiwkthis project were:

. To develop a primary education curriculum with By value,
since primary education is the terminal for manygeMian
children

. To develop materials together with appropriate mettogy for
teaching the prepared curriculum effectively

. To use Yoruba language as the medium of instruction
throughout, in order to demonstrate that the prynastructions

19



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)

when given in the child’s mother tongue is moreeeiive and
meaningful than using second or foreign language

Other objectives of the project were:

. To organize writing workshop for the developmentdan
evaluation of curriculum materials

. To develop materials with appropriate methodolomytéaching
and learning the prepared curriculum

. Curriculum materials were to be developed in botruba and
English.

The project was supported financially by the Fordumdation of
America and former Western State Ministry of Edigrat The main
objective of the project by the initiator was tovdl®p a primary
education for the child and make him/her an irgelit citizen of this
country. The group set up a lexical Committee fectahe right choice
of words and concepts that would correctly exprgssrYoruba the
concepts not easily identifiable with local langaagrhe generally
project was to exploit the use of mother tonguer@¥a) in the teaching
and learning of primary school subjects. The malerproduced are
Sayensi for primary classes books from 1 to 6 both tea&hguwide and
pupils’ text. The teachers’ manual was also produce

The Primary Education | mprovement Project (PEIP)

PEIP was initiated in 1970 at the Institute of Ealion, Ahmadu Bello
University, Zaria. The project was jointly sponsbiend financed by the
then six Northern States of Nigeria, UNESCO, UNICEFAID and
British Council. The project was formerly called UNEF/UNESCO
assisted project but later called PEIP. The projgaimed at making
children think and study science like the sciestfisence it adopted the
philosophy of American Association for the Advanegrnof Science
(AAAS) process and skills with emphasis on the psscof science such
as observing, measuring, classifying, using numbaranipulating,
communicating and so on. The curriculum materiatsdpced for the
project were series of pupils’ textbooks 1 to 6ykib@oks and teachers’
guide which provide detailed information for theadber to carryout
science activities specified in the pupils’ text.

Ondo State Primary Science Project

The project was initiated in 1974 by former West8tate of Nigeria but
later continued in Ondo State after the creatiothefstate in 1976. The
project drew its inspiration from the outcome oé tAPSP workshop.
The main purpose for the project was to producehid-centred
curriculum with an investigative approach. The muium materials
produced for the project were pupils’ textbooks &eathers’ guide. The
teachers’ guide was not completed for all classderb the creation of
the state in 1976.

20



EDU 754 MODULE 1

Self-Assessment Exercise 2

What are the common objectives in the regionalneaegrojects?

3.3.3 Introduction of Integrated Science Curriculum in
Schools

However, studying of physics, chemistry and biolagyhigher classes
were expected to cover the whole range of science balanced way
bringing out the unity among the subjects but fkite Ireal unity was
observed in the presentation of these courses.tddehers could not
achieve any real integration in their teaching ledsie science courses
because teacher training courses rarely preparedetchers for the
unified approach to their teaching of those sciesutgects in the higher
classes. Furthermore, General Science coursesta@rguperficial and
inadequate to develop higher level science cowstl the little times
allocated to them by school authorities. Scienadaiprimary school is
considered to help the pupils master the basicrstal@ling of scientific
concepts and cultivate the habit of exploring scgewith an open mind.
In view of these problems STAN embarked on currouldevelopment
early 1970’s and was mandated to develop scienceglum for both
primary and secondary schools. STAN during the mptem and
development of science curriculum after the 196af@@nce Summit
introduced integrated science to enable junior is@any school students
acquire the basic skills of science before procegth senior secondary
science. Primary science was introduced for th@gmy school. Instead
of several text books for basic science, one iategr science text book
was produced for each level. The science topicghtaat these levels
are arranged into six strands of scientific in\gzion, life and living
things, the material world, energy and change,hearid beyond,
science, technology and society. With the introduciof the 6-3-3-4
education system which brought about the 9-yeaicketucation, one
common curriculum was developed in science for asic levels
known as Basic Science and Technology Curriculumbfith primary
and junior secondary children.

Self-Assessment Exercise 3

What factors led to the introduction of integrataience in Nigerian
school programme?

34 Summary

In this unit, the background needs that led to imteoduction of
integrated science in the school curriculum glgbafid in Nigeria and
the subsequent developments that led to its camimureforms at
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different stages especially in Nigeria were disedssThe regional
governments played important role in the reformgdsgducing their

primary science projects programmes and materilee regional

projects though similar in objectives but do notswe unified

curriculum and knowledge for the pupils. Because ibkese

discrepancies Science Teachers Association of MIgTAN) was

asked to develop one science text book for theemphtation of basic
science in our schools. As a result of the new atioie system of 9-year
basic education arising from the Universal Basiaudadion (UBE)

National Education Research Centre (NERC) realigpgr@dary science
and junior secondary science curricula and produlcedoresent Basic
Science and Technology Curriculum for primary aadigr secondary
schools. Basic Science and Technology curriculumteggrated science
text book by nature and arrangement.

3.5 Glossary

o These are United Nations funding centres. They hetpsponsor

projects for development and give grants.

United States Agency for International Developm&$AID)

Education Development CENTRE (EDC)

United Nation Children’s Fund (UNICEF)

United Nations Educational Scientific and Cultu@aganisation

(UNESCO)

. United Nations Development Programme (UNDP)

. Science Teachers Association of Nigeria (STAN)sso&iation
of science teachers in Nigeria that work towar@ésdbvelopment
and reforms of science curriculum in primary, sezy and
tertiary institutions.

o National Education Research Centre (NERC) is gowemnt
research and publication centre. They responsile the
development and improvement of curriculum.
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3.7 Possble Answersto Self-Assessment Exer cises

SAE 1

Outside factors that influenced the introductiorirdégrated science in

the schools are:

. To fill the gap existing between primary scienced dmgher
school science

. Rapid development of science and technology
. Increase demand for skilled labour
. Emergency of new philosophy of education that ersizea

pupils’ activity.

SAE 2

The main objectives of regional science projectéuithe:
o To produce child-centred curriculum in science
To develop a scientist

To develop science education for the child

To create spirit of inquiry in the child

To teach the science using local materials

SAE 3
Factors that led to the introduction of integrasetence in our schools
are:

o Inability for Physics or Chemistry teachers to ynihe three
branches of science.

. General science was too superficial and inadegtoaigevelop
high level science course.

o To enable pupil to master the basic understandingcientific
concepts.
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UNIT 4 CONCEPT OF INTEGRATED SCIENCE AND
STEM

Unit Structure

4.0 Introduction
4.2 Intended Learning Outcomes
4.3 Meaning of Integrated Science
4.3.1 Concept of Integrated Science
4.3.2 Characteristics of Integrated Science
4.3.3 Science, technology, engineering and mathesnat
(STEM) and Integration
4.4  Summary
45 Glossary
4.6 References/Further Readings/Web Resources
4.7 Possible Answers to Self-Assessment Exercises

4.1 Introduction

In the previous units, you learnt about the his@ridevelopment of
science curriculum in Nigeria and the evolving rafe science
curriculum has gone through till date and is sdillbject to change
towards development of humanity. It is through éhesforms that
integrated science was introduced into the sciemudculum. In this
unit, you are going to learn the meaning of integgtascience and its
characteristics. You will also examine STEM as axangple of
integration of scientific ideas.

4.2 Intended Learning Outcomes

By the end of this unit, you will be able to:

. explain the concept integrated science
. outline the characteristics of Integrated Science
. identify the relationship between STEM and Integdabcience.

4.3 Meaning of Integrated Science
4.3.1 Concept of Integrated Science

All we have been talking about is integrated sagerfoom your own
understanding, what is integrated science? The ii@egrated science is
often used as a synonym for interdisciplinary andied science, which
may be applied generally to any curriculum effarinhich two or more
previously separated science subjects are comb{®&dwalter, 1975);
(https//link.springer.com>). In a simple and general term, Bajah (1983)
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sees integrated science as a way of teaching sci&dben science is
taught in such a way as to present scientific idesas unified whole,
then we say that the ideas have been integrdsegrinceton.edu.).
Nagaraj (2013), defined integrated science as igtlwodnd constructive
learning process in which the learner is wholelyoined. There are
many classical definitions of integrated sciencactwhyou can find in
recent books. One of the definitions is given Hereyour consideration.
Bajah (1983), defined integrated science as anoagfrto the teaching
of science in which concepts and principles aresemied so as to
express the fundamental unity of scientific thouaid avoid premature
or under stress on the distinction between theouarscientific fields (
http://www.georgewright.org >). In other word, igtated science is
child-centred. This expression brings in the earbéjective of the
regional projects for teaching science in the prymschool. Meaning
that integrated science is the best means of madiemce meaningfully
and realistic to children who are coming in contadth scientific
knowledge for the first time in their life.

d’Arbon (1972), described integration when appliedscience courses
as means that the course is devised and presentaach a way that
students gain the concept of the fundamental uaityscience, the
commonality of approach to problems of a scientif@ture and are
helped to gain an understanding of the role andtiom of science in
everyday life and the world in which they live. Nagj (2013) perceived
integration as a holistic and constructive learnitry other words,
integrating principles are intended to produce @s®e which:

o Is relevant to students’ needs and experiences
o Stresses the fundamental unity of science
o Lays adequate foundation for subsequent specisiisly and

adds a cultural dimension to science education.

The regional science project curriculum reflecteus tnature of
integration in its set up.

The Basic Science and Technology curriculum that veaised in 2012
is the result of the restructuring and integratminfour primary and
junior secondary science curriculum. The followisgience subjects
were integrated into one:

. Basic Science

. Basic Technology

. Physical and Health Education
. Information Technology
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This becomes necessary in order to reduce the nuwibsubjects
offered in primary and junior secondary schoolsptevent repetition
and duplication of concepts that resulted in cuium overload. It
encourages innovative teaching and learning appesaand techniques
that promote creativity and critical thinking inudents, it promotes
holistic view of science at all level for better damstanding of a
contemporary and changing world and to infuse esrerggsues that are
of national and global concern such as gender thatysiglobalization
and entrepreneurship into the curriculum.

Self-Assessment Exercise 1
Explain in your own words what is meant by integdascience.

4.3.2 Characteristicsof Integrated Science

A critical examination of the basic science anchietogy curriculum
(BSTC) clarifies how integrated science differsnfrather curricula
arrangements. In Integrated curriculum the tradélosubject matter
boundaries are completely removed. In BSTC the i@dum is
developed around these topics:

Basic Science

Basic Technology

Physical and Health Education
Information Technology.

The integration of the curriculum is as shown beldWwe infusion of

drug abuse education, disaster/ risks reductiomaatagement, climate
change, consumer education, relevant elements &D¥Eshows the
integrated nature of the programme. The subjeut igstematically and
spirally from primary one to JSS3. The BSCT is oigad around a
selected unifying topic. It serves a general edandtinction.

The structure of the Basic Science and Technolagyi€ulum

Theme Primary JSS
Basic Science | e Exploring  our| e Learning about our
environment environment
o Living and non- e You and energy
living . Science and
development
Basic . Understanding | e Understanding basic
Technology Basic Technology Technology
. You and Energy | e Materials and
Processing
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. Drawing Practice
o Tools,  Machines,
Process, Safety
Physical ande Fundamental o Basic Humarn
Health movement Movement
o Athletics o Sports and Games
o Games and Sporis Health Education
. Health Education| e Moving our Body,
° Pathogens, Parts
Diseases and Preventigm, Athletics
Drug Eradication o Contact and Nonr
o Responsible Contact Games
Parenthood
Information . Basic Computef e Basic Computef
Technology Operation and ConceptsDperation
Basic  Concepts dfe Computer Ethics
Information Technology] e Computer
Applications
o Basic Knowledge of
Information Technology

The sequence arrangement of topics tries as mugosssble to avoid
duplication of content. The course usually laststfoee years and is
sequential. Integrated science emphasizes orgamzaif learning

experiences around a topic or theme. This unibeoatif concepts around
a theme makes integrated science unique. For exarmmpBSTC the
learning experiences and concepts are organizegnérthe themes
Energy, Life and Mind while in some other integthtscience

programme the concepts are organized around timeethdatter, Life,

Mind and Society.

SELF-ASSESSMENT EXERCISE 2

What are the major themes in the arrangement of@ST

4.3.3 Science, Technology, Engineering and Mathematics
(STEM)

Science, Technology, Engineering and MathematicSEfH) are

interrelated and interwoven bundle of knowledget tfi@ms the

ingredients for technological breakthrough. It igypical example of
integration of scientific process and science pobdizeliora (2016). For
instance, science studies the flow of electromcsléctrical conductors
by using already existing tools and knowledge bylypg the process
skills (stem education journal.springeropen...This new found
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knowledge in science is used by engineers to create tools and
machines such as semiconductors, computers and d&bnes of
advanced technology. In this sense both sciendéists engineers are
considered technologist. According to Rugumayo #elibra (1997)
STEM education builds in individual in varying pagtions. While the
scientist explores what is, the engineer createatvilas not existed
before and the technologist translates ideas aadspinto working
realities aware of his/her responsibility and dutiewards the society.
Mathematics we know is a language of number andespaich both
the scientist, technologist and engineer usedeir ffrocesses The same
person is a scientist, technologist, engineer ardhematician. The
traditional subjects matter boundaries are remo&IEM education
brings about the integration of ideals that givise ito new products.
According to Ezeliora (2016), STEM is a typical pegs of integration
of scientific ideas to yield the expected resutt imman development.
The integrated science teacher should always vaovkrd integration of
science knowledge while teaching basic scienceteetthology. This is
the reason behind developing Basic Science andnbémtpy Curriculum
to start early in life to develop the unified knedge of science and
technology so as produce self-reliant individuatswvill be functional
in the society for the betterment of the society.hdlistic person is
formed who will be able to apply both physics, cletry, biological
knowledge in addressing human problem.

SELF-ASSESSMENT EXERCISE 3
Pick three objectives of STEM that reflect integnatof ideas.

44  Summary

In this unit, you are taught the meaning of intégplascience, its
characteristics and the resemblance of BSTC as rdagrated
curriculum. You are also shown how integration nbwledge in STEM
reflects the reality in integration, develops gelfant and holistic
person which is the hallmark education. Basic Smeand Technology
curriculum is organised to inculcate innovativeyentive and creative
skills early in the learner for holistic developmeand become self-
reliant individual which is the major objective education.
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45 Glossary

o Science (S) acquired knowledge through procesks skil

o Technology (T) application of the acquired knowledfpr a
purpose.

. Engineering (E) using the acquired knowledge toetigytool.

. Mathematics (M) language of number and space thatra all

of them without which none is possible.
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4.7 Possble Answersto Self-Assessment Exer cises

SAE 1

Integrated science is the unification of scientifieas ignoring their
boundaries. In other word, getting knowledge fraffecent branches of
science to form one. For instance, in the procdse&xploring the
environment, physics knowledge is involved, cheryistnd biology
form part of what to be done to in the process mpla@ing the
environment.

SAE 2
The topics upon which BSTC is organised are: basience, basic
technology, physical and health education and médion technology

SAE 3

Three objectives of STEM are:

) Ideas are interrelated

o Unified knowledge

) Produce self-reliant individuals.
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MODULE 2 PHILOSOPHY AND PSYCHOLOGICAL
THEORIES OF BASIC SCIENCE AND
TECHNOLOGY CURRICULUM

Unit 1 Philosophy and Objectives of Basic Sciencad a
Technology Curriculum

Unit 2 Psychological Theories of Learning and theiplications
in Teaching Basic Science and Technology

Unit 3 Methods for Teaching Basic Science and hetdgy

Unit.4 Resources for Teaching Basic Science amthi@ogy

UNIT 1 PHILOSOPHY AND OBJECTIVES OF BASIC
SCIENCE AND TECHNOLOGY CURRICULUM

Unit Structure

1.1 Introduction
1.2 Intended Learning Outcomes
1.3  Philosophy and Objectives of f Basic Sciencd @echnology
Curriculum
1.3.1 Philosophy of Basic Science Technology Culuim
1.3.2 Objectives of Basic Science and Technologyi@uum
1.4 Summary
1.5 Glossary
1.6 References/Further Readings/Web Resources
1.7 Possible Answers to Self-Assessment Exercises

1.1 Introduction

In the previous units, you learnt that the Integpla®cience in use in our
schools is replaced with the present Basic Sciemu#® Technology

Curriculum (BSTC). The BSTC as you learnt is dicgpe of integrated

science and technology for the 9-years basic seieamd technology
programme. You will learn in this unit the philo$ogal background

and objectives of Basic Science and Technologyiauom.

1.2 Intended Learning Outcomes
By the end of the unit, you will be able to:
. explain the philosophy of basic science and tedmol

curriculum
. state the objectives of basic science and techgaogiculum.
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1.3 Philosophy and Objectives of Basic Science and
Technology Curriculum (BSTC)

1.3.1 Philosophy of Basic Science and Technology @aulum

Basic science and technology curriculum is the pcodof the re-
structuring and integration of primary and junicgcsndary school
science curriculum into:

Basic Science

Basic Technology

Physical and Health Education

Information and Communication Technology

It was developed in line with the requirement oé tB-year basic
education programme for 6-years primary and 3-ypar®r secondary
based on the 6-3-3-4-Universal Basic Educationesystdopted in the
nation’s education programmietips://link.springer.com.). It is meant to
catch the young learners early to love sciencenlsaience, become
self-reliant and function to create changes inrtle@ivironment. It is
organised to develop a holistic view of sciencettsse levels of
education. The course is devised and presenteduch a way that
students gain the concept of the fundamental uaityscience, the
commonality of approach to problems of a scientif@ture and are
helped to gain an understanding of the role andtiom of science in
everyday life and the world in which they livittps://files.eric.gov>).

Integrating principles embedded in BSTC is to palaourse which:

o Is relevant to students need and experiences
o Stresses the fundamental unity of science
o Lays adequate foundation for subsequent specstligties and

adds a cultural dimension to science and technatolgization.

The sequence of arrangement of topics avoids datit of content and
learning experience organised around a theme. filigs to reduce
overload of learning materials which makes learramgr burden to the
learners. The contents are arranged in moduless Whification of
concepts around a theme makes BSTC unique and igsvegegration
outfit.

Self-Assessment Exercise 1

Outline the integrated characteristics of BSTC
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1.3.2 Objectives of Basic Science and Technology @aulum

In last class, the discussion was on the philosoph8STC which
showed that BSTC is an integrated programme foicbhsxsence and
technology education for beginners. Basic Sciencd @&echnology
Curriculum was conceived out of the present neetl desire of the
society to develop holistic view of science andhiexogy at primary
and junior secondary school level. BSTC is devedofpeaccommodate
the 9-year Basic Education Programme in sciencdextithology. Other
factors that influenced the curriculum are the ndedattain the
Millennium Development Goals (MDGs) and implemelotatof the
National Economic and Empowerment Development &gias
(NEEDS). BSTC is structured around basic sciebesjc technology,
physical and health education and information tetdgy to reduce the
number of subjects offered in primary and juniocas®lary schools,
prevent repetition and duplication of concepts tieaulted in curriculum
overload, encourage innovative  teaching and legrnin
approaches/techniques that promote creativity aittat thinking in
students, promote holistic view of science at aNels for better
understanding of a contemporary and changing warld to infuse
emergent issues that are of national and globateronsuch as gender
sensitivity, globalisation and entrepreneurshipo irthe curriculum.
BSTC includes contents like environmental educatidrug abuse
education, population and family life education aecually transmitted
infections. Each of these are further developeal imbdules:

1. Basic Science:
Theme 1 Leaning about our environment
Theme 2 You and energy
Theme 3 Science development

2. Basic Technology
Theme 9 Materials and processing
Theme 10  Drawing practice

3. Physical Health Education
Basic body movement
Sports and games
Health education
Moving our body
Athletics

4. Information Technology
Theme 11  Basic computer
Theme 12  Basic knowledge of information technology
Theme 13  Computer application packages
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Thus, the overall objectives of BSTC are to endidelearner to:

o Develop interest in science and technology

o Acquire basic knowledge and skills in science awhmhology

. Apply their scientific and technological knowledgad skills to
meet societal needs

o Take advantage of the numerous career opporturatiesed by
science and technology

. Become prepared for further studies in sciencetectthology

The contents are organised around a theme arramgedodules.
Specific methods to be used by teachers and swidenachieve the
objectives were specified such as project methogljire method, field
trip and other innovative methods.

Self-Assessment Exercise 2

What Are the Specific Objectives of BSTC?

1.4 Summary

In this unit, the philosophical background and obyes of basic
science and technology were discussed and stakedpfilosophy and
objectives were organised around the principles amdctice of
integration. The contents were developed aroundhdisearranged in
modules. They are built around themes with othetional and
international interest such as NEEDS and MDGs. Tike main
objectives were outlined based on the philosophy vamich the
curriculum is based so as produce self-reliantfandtional member of
the society.

1.5 Glossary

. MDGs - Millennium Development Goals

o NEEDS - National Economic and Empowerment Development
Strategies

35



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)
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1.7 Possible Answers to Self-Assessment Exercises

SAE 1

The integrated characteristics in BSTC include:

o The contents are developed around a theme.

o The contents are organised in module.

o It helps the learner to have a holistic view, fuméatal unity of
science and technology and the commonality approtch
scientific problems.

SAE 2

The objectives of BSTC are to enable the learner:

. To develop interest in science and technology.

. Acquire basic knowledge and skills in science awhnhology.

. Apply their scientific and technological knowledgad skills to
meet societal needs.

. Take advantage of the numerous career opporturatiesed by
science and technology.

. Become prepared for further studies in sciencetectthology.

37



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)

UNIT 2 PSYCHOLOGICAL THEORIES OF LEARNING
AND THEIR IMPLICATIONS IN THE
TEACHING OF BASIC SCIENCE AND
TECHNOLOGY CURRICULUM

Unit Structure

2.1  Introduction
2.2 Intended Learning Outcomes
2.3 Psychological Theories of Learning
2.3.1 David Ausubel's Theory of Learning
2.3.2 Jerome Brunner’s Theory of Learning
2.3.3 Robert Gagne’s Theory of Learning
2.4  Cognitive Theory of Learning
2.4.1 Jean Piaget's Cognitive Developmental Stages
2.5 Summary
2.6 Glossary
2.7 References/Further Readings/Web Resources
2.8 Possible Answers to Self-Assessment Exercises

2.1 Introduction

In the previous module, you learnt the nature ¢dreze, what science is
and its relevance to humanity. You also learn abdegrated science as
a unified science programme, its characteristicd abjectives in
relation to the present day Basic Science and T@obg curriculum. In
this module, you are going to learn the theorieleaming as developed
by psychologists and their implications and appiwes in the teaching
of Basic Science and Technology curriculum. Can ggplain how you
learnt those things you know? Human beings genenalve patterns of
thinking. How these expand to include new ones e concepts are
formed in the human beings are questions to addr¥ssious
psychologists such as David Ausubel, Jerome BruriRebert Gagne,
Jean Piaget and many others have provided answéhgete questions
on how human beings learn. Answers to these quesstiarry very large
consequences in the organization of science lessdffsese
psychological theories are very essential in thesceton and
implementation of BSTC in the classroom.

2.2 Intended Learning Outcomes
By the end of this unit, you will be able to:

. articulate the key concepts in David Ausubel's Tiyeof
Learning
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. identify the import principles in Jerome Brunneiffeory of
Learning.

. explain Robert Gagne’s Theory of Learning

. describe Jean Piaget’s Cognitive Theory of Learning

2.3 Psychological Theories of Learning
2.3.1 David Ausubel’'s Theory of Learning

David Paul Ausubel was an America psychologist. rH@est significant
contribution to the fields of educational psychglpgognitive science
and science education learning was on the developamsl research on
advance organizers. Ausubel’s theory of learningpiscerned with how
individuals learn large amounts of meaningful miater from
verbal/textual presentations in a school settingontrast to theories
developed in the context of laboratory. In 1963 uhed developed
Subsumption Learning Theory. The theory focuse$i@n individuals
acquire and learn large chunks of meaningful infttomn through visual
means or text materialsht{ps://www.learningbp.com.).According to
Ausubel, meaningful learning, learned informatios completely
understood and can now be used to make connectaiis other
previously known knowledge, aiding in further umgtanding. His
learning theory is one of the most important foactang/learning.
Developing thinking skills in students requires @pe instruction and
practice rather than application. The four majpstio apply Ausubel's
theory of learning are that it:

leads off with the key takeaway

encourages learner to apply previously acquiredvieage
Includes both receptive and discovery based aietsvit
makes it meaningful.

Concept mapping developed by Ausubel is an instoat device that
uses this aspect of the theory to allow instructmnmaterials to
learners. For instance, making learning meaningitdsent the learner
with the image or picture of what you want themlg¢arn about and
asking them what they know about it and this isbagre-
learning.Making learning meaningful is important tchildren’s
understanding of the learning concepts and the dvarbund them.
Teachers make learning meaningful when they liniv nearning to
children’s previous experience, relate conceptghitdren’s lives and
provide children with hands-on learning. This isawviAusubel called
advance organizer by relating what students alrdambyv to the new
content to be learnedand this increases retenfmsubel theory of
Subsumption is based on the idea that an indivislexisting cognitive
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structure is the principal and basic factor inflcieg the learning and
retention of meaningful new material. He advocatasdent-centred
discussion, making connections, increasing autononbyilding
relationships and focus on literacy. Ausubel is ohthe early advocate
of advance organizer. He believed that when stsdese advance
organiser they can bridge the gap between leamgwginformation and
information they already know. According to Ausubmleaningful
learning,learned information is completely undevdt@nd can now be
used to make connectioi¥kipedia.org).

He stressed the value of prior knowledge in theankes’ learning

process. He was of the opinion that what a studkeady knew could
aid or hinder new learning. He pointed out that miegful learning

occurs when there is appropriate link between ghimwledge and the
new learned task. When such interaction is notetheote learning
occurs. He called the previous knowledge subsumerdascribed it as
generalised knowledge that the learner already iestjuhat provide

association or anchorage for the various componeftthe new

knowledge. Another linkage relevant for meaningfabrning is

advance organiser. This involved organising thernieg task in

sequences from known to unknown using what is famib the learner
and link it to the new idea. This is used whereadhs lack of previous
knowledge. The teacher provides external linkagemfrwhere the
learner will link the new knowledge. In other wordisere must be set
induction to get the learner ready for new knowkdgeaningful

learning can take place.

Self-Assessment Exercises 1

Enumerate the key concepts in Ausubel’s theorgarfiling.

2.3.2 Jerome Brunner’s Theory of Learning

Jerome Brunner was an American psychologist. Heensgnificant
contributions to human cognitive psychology and nitige learning
theory in educational psychology. According to hinstruction should
address four major aspects: pre-disposition tow&dming, structure
knowledge so that it can be readily grasped byldaener, effective
sequence in presenting knowledge and the natucengpaf rewards and
punishments. According to him, it is better for tearners to construct
their own knowledge. They do it by organising anategorising
information using a coding system. Brunner believkdt the most
effective way to develop a coding system is to a@lst it rather than
being told by the teacher. Jerome Brunner introduttee concept of
learning by discovery. Discovery is an all formsobtaining knowledge
for oneself by use of one’s mental processes. Byurelieved that
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learning by discovery begins when a science teagheposefully
creates problem and present the problem to studantmtroducing
some inconsistencies among sources of informatibictware given in
the process of instruction. According to Brunnectsinconsistencies
lead to intellectual discomfort that will stimulatiee students to initiate
individual discoveries through cognitive restrugtgrin his research on
children’s cognitive development, he proposed ghmaodes of
representation: Enactive representation (based ciiond Iconic
representation (based on images) and Symbolic septation (based on
language) fttps://www.firstdiscoverers.co.uk).Brunner initiated two
forms of discovery processes namely assimilatioth @commodation.
He introduced the theory of scaffolding in which $ed that children
need support and active help from their teachedspaments if they are
going to become independent learners as they malurether word
student learn from experts by building on what thégady know and
how they think and learn derives from their cultuvéh the help of
adults. Children learn from building on what théneady know to what
they need to know. Many visual technology tools designed to
scaffold students’ understanding.

Educational implications:
The main idea of the theory can be summarized |ks®:

. Learning is an active process

o Learners select and transform information

o Learners make appropriate decisions and postulgpetieses
and test their effectiveness

o Learners use prior experience to fit new infornmatioto pre-
existing structures

. Scaffolding is a process through which able peersdalts offer
support for learning

o Intellectual development includes the three stagesely
enactive stage =learning through action

. iconic stage =learners use pictures or models

. symbolic stage =development of ability to thinkaipstract terms.

Self-Assessment Exercises 2

What are the implications of Brunner’ theory tocéeace teacher?

2.3.3 Robert Gagne’s Theory of Learning

Robert Gagne was an educational psychologist wlomegired the
science of instruction in the 1940s. Gagne’s canditof learning

stipulates that there are several different typeleels of learning. The
significance of these classifications is that edifferent type requires a
different type of instruction. Gagne identifiesdiwnajor categories of
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learning: verbal information, intellectual skillgognitive strategies,
motor skills and attitudes and different internatl @&xternal conditions
are necessary for each type of learning. For examiok cognitive

strategies to be learned, there must be a chanpettice developing
new solutions to problems. To learn attitude, tlearher must be
exposed to a credible role model or persuasive naegtt Gagne
suggests that learning tasks for intellectual skilan be organised in
hierarchy according to complexity: stimulus recaigm, response
generation, procedure following, use of terminologiscriminations,

concept formation, rule application and problemvisg. The primary

significance of the hierarchy is to identify prewegjtes that should be
completed to facilitate learning at each level. adreng hierarchy
provide a basis for the sequencing of instructidfkipedia).

While Gagne’s theoretical framework covers all #spects of learning,
the focus of the theory is on intellectual skillthe theory has been
applied to design of instruction in all domainsbied Gagne’s theory of
learning often referred to as Gagne’s theory ofrleg hierarchy. The
theory states that learning of a new concept drf dkpends upon the
mastery of pre-requisite concepts. This implies gravious knowledge
determines what further learning may take place #rad materials
meant for learning must be sequentially structufédgne emphasized
the importance of task analysis of instructional
objectiveslhittps.//wmw.instructionaldesign.org). He also believes in the
task analysis of the concepts, skills and knowladdee taught. Gagne’s
theory believes that for the students to acquieedbsired knowledge,
the materials meant to be learnt must be sequinsilictured so that
the learning of one topic aids the learning of nlegt higher topic. This
invariably implies that science must be sequentiatructured from
simple to complex until the desired objectives achieved. In Gagne’s
hierarchy of learning, problem solving is the highkevel while facts,
concepts and generalization involved lower level.

Self-Assessment Exercises 3

What is the implication of Gagne’s theory of leaifor the
scienceteache

2.4  Developmental Psychology
2.4.1 Jean Piaget Developmental Psychology

In our previous discussions, you have been taugimesof theories of
learning developed by ancient psychologists, thegintributions to
learning and implications and applications to |l@agnMention two of
those psychologists. Those psychologists includgn@atheory of
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learning whose emphasis was on hierarchical legrsimucture and
Brunner bases his learning theory on encouragisgpgiery learning by
scaffolding of learning processes, then Ausubel Wwase his theory on
linking previous knowledge as a base for learniag ideas. Today you
will learn about another psychologist known as Jeaget.

Jean Piaget is a developmental psychologist whardpeaded the study
on cognitive and mental developmental stages. Deweéntal
psychology is the scientific study of how and whyrans grow, change
and adapt across the course of their
lives(https:.//en.m.wikipedia.org>wiki). Piaget's theory emphasized that
learning ability corresponds to the level of irtetual development with
its accompanying physical growth. Piaget identifiéour human
intellectual developmental stages as sensory-mstage (0-2years),
pre-operational stage (2-7 years), concrete operatstage (2-11 years)
and formal operational stage (11-15 years)

Sensory stage (0-2 years)fhe child’s learning activities at this stage
consists mainly of sensory and motor activities likeeing, sucking,
tasting, touching, pushing and shaking the objests his/her
environment.

Pre-operational Stage (2-7years):At the pre-operational stage, the
child may be able to speak clearly, use symbolmragentations by
drawing, writing and reading and perform complex ytal
manipulations.

Concrete operational Stage (7-11 yearsAt this concrete operational
stage, the child’s mental process is limited tokirig about things. The
child is able to solve problems but limited abilioydo so by nature. At
this stage the child performs logical operatiorhvabncrete objects. The
child can carry out logical processes like obsegyimescribing,
classifying and measuring real objects. The impbee of the stage are
that it is a period of exploration. This impliestistudying of science in
primary school should begin with the art of obs&ora which uses
basic senses of seeing, smelling, hearing, toucamptasting. Greater
emphasis should be placed on doing than tellingciiag at this stage
should involve the use of models-specimens, reg@otd because the
child depends on facts and theories.

Formal operational stage (11-15 years):Progression through the
previous stages results in accumulation of expeesrand development
of mental structures which are necessary backgrdandogical and
pre-operational reasoning. This stage is charaet@rby freedom from
reality. Reality provides starting point for thinki. At this stage the
child develops abstract thinking. The child can lowl logical
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arrangements. At this stage more complex relatipnsh mathematics
and science and hypothetical deductive natureadoming can be fully
understood. The child can make deductions, comparet make
inferences from ideas, solve ideological problemd eelate symbols to
concepts. Based on Piaget's developmental stagepehied for the
integration of science will be concrete operaticstabe.

Self-Assessment Exercises 4

What are the implications of Jean Piaget’s theofrylearning in
Teaching basic science and technology?

2.4 Summary

The importance of psychological theories of leagramd developmental
operations to both science teachers and learnesbaious. In this unit,

you learnt David Ausubel’s theory of learning stes The value of
prior knowledge in teaching ideas. It helps therleato have strong
base and desire to learn new ideas and it will eodaetention. Jerome
Brunner’s theory of learning centred on: Learnihgotgh discovery,

constructive approach to learning where the leanperticipates in

building his/her knowledge through activities. VéhiRobert Gagne’s
theory of learning states that learning of a newmcepts or skills

depends on mastery of pre-requisite concepts. Jaan Piaget’s theory
of learning emphasizes that learning ability cquoesls to intellectual

development. He established four stages of cogndrevelopment with

their corresponding years.

All these theories of learning have a lot of imptions and applications
in today's sequencing of learning at different stagof human
development. They are all applied in the develofdnae organisation
of the BSTC. Visit this web for comprehensive andlept knowledge
of the psychological theories: (https://fpmipa.adu)

2.5 Glossary

Coding systemarranging learning in a way that the learner will
remember the learned concept. According to Bruher is achieved
through discovery.

Scaffolding- structured step by step process to build knowledge
Hierarchy —sequence approach to teaching which calls for
identification of pre-requisite that should be cdeted to facilitate
learning.
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2.7 Possible Answers to Self-Assessment Exercises

SAE 1

According to Ausubel, subsume is the previous keolge a learner has
before coming into the class which serves as aagiekto the new
knowledge to be acquired. The presence of subsuwete tge learner
ready for new knowledge and links learner to ther kmowledge thus
making learning of the new knowledge easier. EXampf subsume
are experiences gained during coaching at home,osexp to
educational events. Advance organiser is an exteatdaction
introduced by the teacher that will link the learnt® the new
knowledge. Examples are set inductions learningeras.

SAE 2

Implications of Jerome Brunner’s Theory to the sceeteacher are:

. Science teachers should place emphasis on the tampaf ideas
and relationships of subjects that will allow stitdegenerate
new concepts, ideas, relationship and principles

. Science teacher should create problems that cad tea
discomfort that will result to students initiatinondividual
discoveries through cognitive structuring

. Science teacher should encourage discovery leartongid
problem solving and develop creativity in the stude
. Science teacher should encourage students to nrakéivie

guesses. This will help students have a chanceadtipe their
ability beyond the information data

. Students should be taught inductive approach

. Radical re-organisation of science curriculum asrals levels of
all the subjects the student will study are preserih a very
simple form

SAE 3

Implications of Gagne’s theory for science teacrer

. Content in science subjects should be arrangedeirarichical

order such that simpler concepts are mastered dggire the
more complex concepts
. Science teachers should state the objectives donileg any topic
. Learning should be arranged in sequence such é¢hatihg one
topic should lead to learning of the next highgri¢o

SAE 4

. Science teacher should promote exploration andaatien with
environment using locally available materials

. Science teacher should ensure that the learnes dethl concrete

materials before going to complex, commencing teachrom
simple to complex
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. Present new ideas and knowledge at the level densiwith the
child’s present state of development, thinking Emgdjuage
o Focus on problem solving rather than rote memaoaoisat
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UNIT3 METHODS OF TEACHING BASIC
SCIENCE AND TECHNOLOGY

Unit Structure

3.1 Introduction
3.2 Intended Learning Outcomes
3.3 Methods of Teaching BSTC
3.3.1 Ciriteria for Selecting Teaching Method
3.4  Selected Methods for Teaching BSTC
3.4.1 Inquiry Method
3.4.2 Project Method
3.4.3 Laboratory Method
3.4.4 Field Trip
3.5 Summary
3.6 Glossary
3.7 References/Further Readings/Web Resources
3.8 Possible Answers to Self-Assessment Exercises

3.1 Introduction

In the previous units, you learnt the psychologitelories of learning.
What are the applications of the learning theoriHs2 learning theories
are applied in the process of teaching and orgtmisaf the learning in
the class room. For instance, Gagne emphasisedarttral
organisation curriculum while Ausubel laid emphasis discovery of
knowledge and radical re-organisation of curriculuRiaget talked
about the presentation of knowledge at level comsiswith child
present developmental age. All these theories é@phasis on the
presentation of knowledge to the learner to aidnieg.In this unit you
will learn the different methods you can use tosprg¢ materials to the
learner. That is what is callegdaching methods. Methods of teaching
are the approaches or means adopted by the tetxloarry out the
function of instructionsHttps./www.academia.edu.>). There are many
approaches in practice which the Integrated Scigraeher can apply in
delivering BST instruction to early science leamérhe best approach
is learner-centred approach as specified in the@AIEo in this unit,
you will learn the use of ICT as teaching tool RBTC.

3.2 Intended Learning Outcomes

By the end of the unit, you will be able to:

o apply the different methods of teaching in delingriBST
instructions at different levels

. select child-centred teaching methods in BST irsions
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. outline some teaching methods appropriate for iegcBasic
Science and Technology curriculum based on thenilegr
theories

. apply ICT as a teaching tool.
3.3 Methods of Teaching BSTC
3.3.1 Ciiteria for Selecting of Teaching Method

Different teaching methods will be discussed irs ttmit. Each teaching
method is as good as the other. It depends onetiehér to select the
method suitable for the topic to be taught. Morantlone teaching
methods can be combined in teaching a topic. Theeemany other
methods such as lecture, discussion, play methoglliry, project
method and so on. Before a teacher decides to mgena&thod for
instruction, there are a lot of things he/she lmabdar in mind. Before
selecting teaching method, the teacher should densithe
following(https://educar epk.com> selection...)

o Age of the learner: The physical and mental development of the
learner must be considered in selecting methotefching. Here
the teacher applies the Piaget cognitive developahaheory.
This will help the teacher to understand the charastics of the
age of the learner.

o Topic to be taught: this is very necessary because even though
every topic can be taught to any level of learaéiropics cannot
be taught with the same method as earlier mentiohiee nature
of the topic determines the type of method to beuns teaching
it.

o Competence of the teacherThe teacher must select method
she/he can easily and effectively handle in deingemnstruction.
. Size of the classThe size of the class is very essential in the

choice of method to use. Method used for small siass of 20
pupils cannot be suitable for 100 pupils.

o Resources available:Availability of resources is considered in
selecting instructional method. It is wise for tieacher to select
method of instruction she/he knows there is

o Time for the teaching: The time in the time-table allotted to
the topics, influences the selection of the teagimethod to use.
The method used for two hours teaching cannot led s 40
minutes teaching(Adhikari,2017).

Method of teaching Basic Science and Technologstipsilated in the
curriculum is guided inquiry and activity-based smrh. The
curriculum advocates for child-centred approactheteaching of Basic
Science and Technology. Guided inquiry is a teagkpproach where
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the learner carries out the learning activity wile teacher as a guide.
The learner from experience builds up his/her kealge. The learner is
in control of what he/she learns. Activity-basegmach is the road to
inquiry. All inquiry learning involves use of maials which the learner
will use in the process of inquiry. Child-centreadicates that the
learner is at the centre of the learning procehks.[€arner is involved in
his/her learning process. Some child-centred teachmethods
recommended for BSTC will be discussed in the nexs.

Self-Assessment Exercises 1

What Criteria will you apply in selecting teachingethod for a topic
in BST curriculum?

3.4 Selected Methods for Teaching BSTC
3.4.1 Inquiry Method

In the last class, you were taught the criteria defecting teaching
methods suitable for a topic you wish to teach.@®sng you decide to
use inquiry method because it is stipulated inBSdC, how will you
use it? How is it used? This is the teaching apgroshere the learner
plays the role of determining the solution to thelgpem. The learner
builds his/her knowledge following the teacher’sdgu It is a structured
exploration of knowledge by the learner followirng tteacher’s guide. It
is child-centred approach to teaching. It helpsiélaener to interact with
objects and thus develop science process skills.

Inquiry method can be applied in teaching all bas@ence and
technology topics. It requires the teacher to pdédaead of what the
learners will do and use for the inquiry activityh inquiry-based
learning, the learner plans the first phase of itiguiiry process and
thinks about the information they have currentlyl ghe information
that they still need. There are four types of inganethod namely:

Confirmation: the students are asked a question, its answerthend
method of reaching this answer.

Structured: the student is giving an open question and ingastn
method.

Guided and open inquiry: the student is giving an open question.

These student-led learning methods can be usedllf@ubjects from

primary to senior secondary level. 5 steps in ingbased learning are:

. Ask questions: the first step in the inquiry process is to pase
guestion
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. Probe into various situations: Conduct research

. Conduct analyses and provide descriptions. Interpret the
information

o Communicate findings, verbally or in writing: Share the
information

o Think about the information and knowledge obtained: Assess
learning

An example of inquiry question is explain why Abaam Lincoln was a
great President. The five elements of inquiry-badedrning are
essential questions, students’ engagement, cooperateraction,
performance evaluation and variety of responsessdre begins with
guestion that sparks curiosity and a sense of won8widents are
encouraged to ask questions. Common elements betingairy and
problem solving include: asking questions or defniproblems,
exploring solutions or explanation, analysing atitey solutions.

Inquiry-based learning is a learning process timagjages students by
making real-world connections through explorationd ahigh-level
guestioning. It is an approach to learning thatoemages students to
engage in problem solving and experiential learnibgs a shift from
studying to doing. It provides the opportunity &iudents to put on the
lenses of scientist to gain knowledge and deepein timderstanding of
the past and the world today. Advantages of ingbagyed learning
include helping students make their own connectiaosut what they
learn. Their curiosity helps them engage and gaindeeper
understanding of topics and contents, instead iofigofly memorising
and recalling rules, ideas or formulas.

Self-Assessment Exercises 2

What topic can you teach using inquiry-based |eaypi

3.4.2 Project Method

Project method is one of the methods recommendébeircurriculum

teaching of BST at all level in both primary andcigr secondary
school. It is a child-centred approach and inqbiaged. It is a learning
process that gives the learner the opportunityppmyawhat he/she learnt
to real situationww.researchgate.net.). It is a practical application of
the knowledge acquired to real situation. Projec¢he integration of all
that are learnt from BSTC to address the needkenetvironment. It
focuses on democracy and collaborative learningoive purposeful

problems, (Knoll, 2014). It helps the learner to@ep critical thinking,

manipulative skills as well as innovative, inveeti&nd creative skills. It
integrates knowing and doing (Markhams, 2011). Adbprojects are
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recommended in the BSTC for the students. The &ashto guide the
learners to carry out these projects.

It is an educational enterprise in which childreplve a practical
problem over a period of several days or weeksjeBr method is one
of the modern methods of teaching in which the esttsl point of view
is given importance in designing the curricula aodtent of studies. it
is based on philosophy of Pragmatism and princgfldearning by
doing. Project method was developed by William Idekilpatrick in
1918. The basic idea of the method is that pupillearn a lot of things
with the help of association and mutual co-operati®his method
promotes purposeful activities through a group wpils and the pupil
will work co-operatively. Project aims at bringirggt what is in the
child and at allowing the child to develop himself herself gives
opportunity for self-expression and for relatindf s the community. It
plays crucial role informing the competitive persarhich answers all
requirements of modern society.

Major characteristics of project method include:

1. It has a definite attainable goal

2. it involves life-like and purposeful activitiewhich promote
learning

3. students can plan and perform their learniniyides

4. It promotes learning by doing

5. It is a play-way activity which enhances leai

The role of the teacher is to supply clues and piswides information
to the students about the sources of materialthéproject. The teacher
also helps the students in evaluating the projedtta draw inferences.
The relationship of the teacher and students ig ¢leise in project.

Examples of Project-Based Learning Activities:

o Planning a garden that meets specific objectives

o Launching a recycling program that solves an ifiedtproblem

. Analysing the five most popular social media

. Creating visibility for something beautiful, usefat deserving
attention

o Helping local business increase environmental susidity.

Self-Assessment Exercises 3

What is your role in project-based learning pro@ess
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3.4.3 Laboratory Method

Laboratory method is instructional procedure byakhthe cause, effect,
nature or property of any phenomenon is determibgd actual
experience under controlled conditions. Laboratt@gching assumes
that first-hand experience in observation and maatpn of the
materials of science is superior to other methodsdeveloping
understanding and appreciatidnttgs://nar st.org>research-matters). It
provides various practical experience starting fraheory. The
objectives of laboratory method are:

Making use of power of observation and reasoning
Manipulate learning equipment

Make use of reality to make learning easier andenp@rmanent
Make use of scientific attitudes

Use the laboratory method or procedure.

Laboratory method involves utilizing raw data or teval things to
produce better understanding of the subject matté&sson, learning by
doing, using reality instead of symbols, realitysmore vividness and
investigatory or experimental.

Advantages:

o Students learn by doing and come in contact with data or
material objects in the teaching-learning process.

o Develop the power of observation and reasoning

o Develop scientific attitude

. Gives an understanding of what research is andthaapply the
scientific method to research

o Gives training in organising data gathered froml meaterial
objects and how these objects are manipulated tenathe
objectives

. Since students come in contact with real life situnes, it can be a

preparation for solving real life problems

Disadvantages:

o Uneconomical way of learning in time and material

o Does not give much training in verbal expressiod amen the
same equipment is used most of the time, its usmsrbes
mechanical.

This is an activity packed method for group or vadal learner(s)
targeted at making personal observations of presgsgroducts or
events. Laboratory method can either be laboratexgrcise or
laboratory experiment. All laboratory exercises experiments but not
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all experiments are laboratory work. Laboratory metis adequate for
illustrating scientific principles, laws as well aeulcating in students
how to write laboratory reports. It provides studenpportunity to
develop manipulative and practical skills. It incates in student habit
of critical thinking and enables them imbibe théune of replication. It
develops in the students the scientific processésolserving,
classifying, measuring, interpreting and inferringd develop in the
learner the scientific attitudes. All BSTC conteatg laboratory based
but the teacher must always be present to guideaiskeof laboratory
equipment and to avoid accidents.

Self-Assessment Exercises 4

List the components of an integrated science ldbora

3.4.5 Field Trip

Field trip is a trip made by students or reseacheistudy something at
first hand. For example, a trip to power plant. Thepose of the field
trip is usually observation for education, non-axpental research or
to provide students with experience outside theargday activities. A
field trip or excursion is a journey taken by groofppeople to a place
away from their usual environmern(wikipedia.org). In education, it is
defined as visits to an outside area of the nonfesisroom and made by
a teacher and students for purposes of first hasdrgation.

Benefits of Filed Trip

Academic growth

Deepened Engagement

Real world experiences and cultural growth
Enhance critical thinking

Botanical garden

Great outdoor activity

Museum

School excursion can be educating

School excursion can be fun

Field trip can raise the awareness of pupils oroirgmt topics
Can be used to get back to the roots

May broaden the horizon of students
Pupils can relax

Information can be presented differently
Students can learn outside the classroom
May improve the fitness of students

Also teachers can expand their knowledge
New ideas for future teaching projects
Students may become more motivated
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Even though students learn a lot in school, thécsofhat are taught in
school are often quite theoretical and studentsleam some practice
and field application of what they already learnadtheory. Hence
school excursion can give students the chancearn lieom a different
angleField trip is one of the child-centred and inquiry approaches
adopted for the teaching of BSTC.Field trip adopts excursion to places
for educational purposetfps.//www.educationalschooltrip.com). It is
generally outside the classroom for the purposmaiing observation
and obtaining specific information from original matural condition. It
brings the learner close to real life situation anehtes positive attitude
towards science. It involves many of the senseshatul to create keen
interest in the learner. It encourages team sphiith can be used in the
discussion group.

Disadvantages of Field Trip

It can be dangerous

It can be costly

May be difficult for large class

Transportation issues related to school trips
Insurance problem may arise

Parents may not agree with field trip

Excursion may not be in line with the preferendéstadents
Teachers may be personally liable during excursion
Students may get lost

School kids may not show up for excursion
Organisation efforts

Field trips can be stressful

Can be physically demanding

Time cannot be used for other classes.

Self-Assessment Exercises 5

As an integrated science teacher, which methodywill prefer to use
in teachina: proiect method or field trip? Giveseas

3.5 Summary

In this unit you have the different methods forctaag integrated
science. These methods are recommended in the B&F @. teacher
which of these methods is better for teaching irstesgl science? No
single teaching method is exceptionally the best téaching Basic
Science and Technology. They are all good for tegcBST. It is left

for the teacher to select the one to use baseth@mwrtteria set up for
selecting teaching method. You will consider the afjithe learner, the
topic, size of the class. You can combine two orranmethods in

55



EDU 754 SUBJECT METHODS (INTEGRATED SCIENCE)

teaching. However, child-centred approach as dssmisSs the best
approach for teaching Basic Science and Technol&gytability of
method depends on the age of the learner, the &mgidhe competence
of the teacher. Each method has its merit and denfer effective
teacher combines two or more methods in the prockssaching and
learning to achieve the varied objectives stated.

3.6 Glossary

Museum: A building in which objects of historical, sciendif artistic or
cultural interest are stored and exhibited.

Botanical Garden: It is a garden dedicated to the collection,
cultivation, preservation and display of a widegamf plants which are
typically labelled with their botanical names.
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3.8 Possible Answers to Self-Assessment Exercises

SAE 1

Before selecting teaching method, the teacher dhaoinsider the

following:

().  Age of the learner: Both the physical and mental development
of the learner must be considered in selecting auktfor
teaching

(i). Topic to be taught: All topics cannot be taught with the same
method as earlier mentioned. The nature of thectdptermines
the type of method to be used in teaching it.

(). Competence of the teacherThe teacher must select method
she/he can easily and effectively handle.

(iv). Size of the classThe size of the class is very essential in the
choice of method to use.

(v)  Resources available:Availability of resources helps in selecting
teaching methods.

(vi). Time for the teaching: The time in the time-table when the topic
is taught influences selection of teaching methods.

SAE 2

You teach any topic with inquiry method but you de® plan it
well.You can ask the students to write about tfe dff lizard: find out
how it feeds, sleep and where it can be found awdihreproduces.

SAE 3

The role of the teacher is to supply clues and piswides information
to the students about the sources of materialthéproject. The teacher
also helps the students in evaluating the projedtta draw inferences.
The relationship of the teacher and students ig ¢leise in project.

SAE 4

It must be well ventilated and lighted

It must have at least two out doors

It must have running taps

There must be a store

There must be benches, shelves and cupboards

. Gives an understanding of what research is andthaapply the
scientific method to research.

o Gives training in organising data gathered froml meaterial
objects and how these objects are manipulated tenathe
objectives

. Since students come in contact with real life situnes, it can be a

preparation for solving real life problems
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SAE 5

| will use field trip because:

. School excursion can be educating.

School excursion can be fun.

Field trip can raise the awareness of pupils ororgmt topics.
Can be used to get back to the roots

May broaden the horizon of students

Pupils can relax

Information can be presented differently.
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UNIT 4 RESOURCES FOR TEACHING BASIC
SCIENCE ANDTECHNOLOGY CURRICULUM

Unit Structure

4.1 Introduction
4.2 Intended Learning Outcomes
4.3 Resource Materials
4.3.1 Meaning of Teaching Resource Materials
4.3.2 Types, Management and Characteristics of hiegc
Resource Materials
4.4 Information Technology
4.4.1 ICT as a Learning and Teaching Tool
4.5 Improvisation
4.5.1 Improvisation of Teaching Tools
4.6 Summary
4.7 Glossary
4.8 References/Further Readings/Web Resources
4.9 Possible Answers to Self-Assessment Exercises

4.1 Introduction

In the previous unit, you studied the different Inoets for teaching BST.
As a teacher, what will you use to teach BSTC ?IJowterials are
used in teaching. These tools/materials are c&ésdurce Materials. In
this unit you are going to learn the different togbu can use to teach
BSTC. You will learn about Information Communicatid@echnology
(ICT) as a teaching tool. In this unit, you willal® the process of
improvisation of teaching materials as well asri@ay procedure.

4.2 Intended Learning Outcomes

By the end of the unit, you will be able to:

o enumerate some teaching resource materials thabearsed to
teach BST

. discuss the importance and factors that militateairesy
improvisation in the teaching of BST

. explain one use of ICT as a teaching tool

o describe some of the characteristics of a goochtegaesource
materials.
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4.3 Resource Materials
4.3.1 Meaning of Teaching Resource Materials

Learning resource materials are those materialsahuamd non-human
that facilitate learner’s learning process. They #re medium through

which the teacher concretizes and transfers knayelexhd ideas to the
learner. Resources materials are medium of insbrudbetween the

teacher and the learner. They are concrete matdhalteacher uses to
communicate ideas to the learner. A teaching resonmaterial can take
many different forms and will mean slightly diffetethings to every

teacher, parent and child. But the basic definitisnthat teaching

resource material is designed to help facilitatgieng and knowledge
acquisition.

The question to be answered may be: how can wihgdiest out of the
teaching resource materials and why do we use resauaterials in

teaching at all? let us explore the world of teaghiesource materials
and try and find some answers. What makes gooditepaesource

materials?

In order to make a good teaching resource mategials need to design
it with your mind. You have to have many resourcagterals available,
making sure that any gap or problem are addressétasyou can teach
your lesson the way you want. Secondly, check yesource materials
before use, so that you can guarantee that theunasanaterials is
accurate and never cuts corners. Thirdly, the megomnaterials must be
easily accessible and available. It must be flexicause each teacher
has their own style and each child has a uniqueofdgarning. That is
why as a teacher, you will make many resource naddeavailable.
Lastly, keep up and stay up to date with all thediteaching trends and
curriculum changes and be at home with latest tolgical
advancements and putting them to use in the classro The
importance of teaching resource materials in thikvely of BSTC
cannot be over emphasised.The emphasis on envirdahresources is
clearly illustrated in the objectives of Basic $me and Technology
which is to teach pupils how to tackle some of guestions that arise
from observation of their own environment as iteaf§ their daily life
(Federal Ministry of Science and Technology, 198ble National
Curriculum for Basic Science and Technology Edweat{2012) in
accordance with FGN (1985) suggests the use locatkenmals for
teaching BSTC which reflects the importance ofiggtchildren well
equipped with resources in their environment whmtcording to
Abdullahi( 1983) provides a greater human and ucsional laboratory.
Here are some of the most popular types of reseuncaterials for
delivering quality teaching and learning procesB8TC:
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o Power Point: this is perfect way to teach your class as a whole
Power point can be a great way to give some stredi your
lesson and encourage discussions.

o Worksheet: A more individual way of working. Worksheets and
handouts encourage children to practice what theeye Hearnt
and often use different types of exercise to catex wide range
of learning styles.

o Interactive Resource Materials: this is great for getting the
whole class involved in an exciting activity whitgiinforcing the
knowledge and skills they have learnt. Encouragiome good-
spirited competition is a great way to engage sitsland get
them excited about their own learning.

o Display Materials: Everyone wants their classroom to look the
best and for good reason. Decorating your classrbefps to
foster a culture of learning within the classroond @rovides as
opportunity for your children to show off all théiard work.

. Tests and AssessmentsThis is a less enjoyable, but still
incredibly important part of your teaching proceBsing able to
measure your children’s process throughout the lyelos you to
set out specific learning goals for the childrenl gmovide them
with the support they need.

o Plan and Scheme:Planning take up a lot of time in your
schedule and can often feel like it is taking timsay from
supporting your children’s learning. Our lessonngldelp you
save valuable time and support you when organiging future
teaching schedule.

As mentioned in the previous unit, here are sonteeroguick-fire
guestions that you can ask yourself about the asles and suitability of
your teaching resource materials.

o Is the teaching resource material culturally appetp?

o Is the teaching resource material laid out in a W&y is easy to
follow and understand?

o Is the teaching resource material engaging forestte®

o For teacher, in order to determine a teaching resomaterial’'s

suitability, you must clearly lay out your teachiggals for the
lesson and assess whether the teaching resouregiatsawill
help you achieve them.

Self-Assessment Exercises 1

How can you determine the suitability of a teachirgsource
material?
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4.3.2 Types, Management and Characteristics of Tehing

Resource Materials

You can make your classes really intriguing andersignificant for the
students by utilizing a few articles or materiats help their verbal
depictions. Utilizing an enormous assortment ofemals are found to
improve better comprehension of ideas and for ngakiearning
seriously fascinating. Teaching resource materiaie also called
instructional material or teaching aids or teacHeayning materials. In
BSTC, emphasis is on student-focused methodologghdd-centred,
both the students and children need an increasinthar of materials to
improve their ability to learn together or indepently.

Here are types of Teaching-Learning Materials:

Visual Aids: Blackboard, Posters, Flashcards, Presentations,
Printed textbooks, Graphs and Info graphic.

Audio Aids: Radio, Tape-recorder and CDs.

Audio-visual aids: Videos, Video recording Films and
Documentaries, virtual Classrooms.

Language Laboratory

Computer Assisted Learning: Pre-recorded DVDs, CDs, online
quizzes, eBooks, podcasts and blogs.

Characteristics of Good Teaching Resource Matéals:

Teaching resource materials (TRM) should be appgédb the
kids. Sizes, shading, development and in few casessmell
or/and taste or sound are a portion of the properof the
materials which allure students.

The familiarity with TRM will assist with presentinnew ideas.
The kid/students can likewise control these materasily for
significant learning of new ideas.

The novelty of the material additionally draws irhet
kids/students. Surprising materials or novel use natural
materials are the appealing highlights of good TRM.

The material ought to have utilitarian worth. It is the
appropriate utilisation that makes the material ith@s or
negative.

Materials of numerous utilities like dice, sticksarbles, 3D
shapes and blaze cards can have numerous utilisatio
practically all branches of knowledge in primaryhaol
educational plan and are subsequently more poaslarRM in
the schools.

The simplicity of taking care of the materials whimcorporate
toughness, lightweight and wellbeing is a signiicrademark
for which such materials are liked in the educatlegrning
measure.
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Management of Teacher Resource Materials;
Below are certain methods to manage teaching legmiterials

o Guarantee accessibility of adequate TRM for frakzation by
students/kids

. If you are intending to utilize the locally accéssimaterials, ask
few students to gather those and bring them tsclas

o Before the initiation of the period, gather evergeoof the
materials from the school store or from differemiixes

. Use delivery exercise, floor exercise, materialsaraged inside

and outside the study hall like a nursery, junghe @nd so forth
as wellsprings of learning

o Create a little gathering of students in the gradne might be the
forerunners in assortment, readiness and upkeépeaiaterials
in the study hall. They ought to be given the dotfigure out the
necessary materials before the beginning of thégeand to
supplant the materials in their individual placésrathe period is
finished. Those that gather the materials mightioenged every
month.

o For better support, keep a record of TRM in yoassl It would
work within finding the harmed and lost articlesarder to have
a convenient substitution of those articles.

o Once in a month the TRM stock ought to be checkadl the
store tidied up appropriately.

There are other classifications of TRM into humasources, material
resources and financial resources.

Human Resources

Human resources are persons including the claskgeavho has helped
students to understand the concept, ideas and kdgelpresented to
them. Human resources include the teacher, thelgpupiperts from

scientific establishment, personnel from factoriésalth workers,

parents, scientists, local craftsman who may beiditb to give the

learner first-hand information and experiencesartain scientific skills

and knowledge. A content analyst of the Basic Smeand Technology
curriculum recommended a range of human resouacdsdching it.

Material Resources

Material resources are materials found in natueg¢ ttan be used for
practical. Materials resources abound such as waotaks, rocks,
chemicals, living things and non-living things. Theaterial resources
are those local materials within the school surdigs such as the
school garden, school laboratory, science roomatura corner, ponds,
streams, town or village market, stones, workingcsg, hospitals,
industries, museums, zoo and natural habitats. NERQ@988),

recommended materials resources for integratednseido include
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resources within school laboratory and compourslt to building sites,

the zoo, the airport and big farms These are ththgs can help the
learner to concretize the concepts exposed to thahe classroom and
relate them to their life and used to solve théfmms related to them in
the society.

Financial Resources

These are materials that are bought either frontofgc market or
imported. They are not improvised materials. Thesyy eonventional
materials, standardised and can withstand all enmental conditions.

Self-Assessment Exercises 2

To acquire teaching resource materials is becomhifigult. What are
the means vou will use to manaage vour resourcerrabst

4.4  Information and Communication Technology (ICT)
4.4.1 ICT as Learning Tool

In the previous class, you learn the different $ypad characteristics of
teaching resource materials. You are going to lab# digital teaching
resource material known as information communicatiechnology
(ICT). ICT is the mode of education that use infatimn and
communications technology to support, enhance aptimse the
delivery of information. Worldwide research has whothat ICT can
lead to improved student learning and better temchiethods. Report
by National Institute of Multimedia Education inpdam proved that an
increase in the use of ICT in education with inétiqng technology to
curriculum has a significant and positive impact @tudents’
achievement. The result showed that the studentsasd continuously
exposed to technology through education has béttewledge,
presentation skills, innovative capabilities aneé aeady to take more
efforts into learning as compared to their courdesp For the above
reasons, in the National Policy of Education (20Ighvernment
proposed that integration of ICT into educationNilgeria begins from
primary school. As result in BSTC, ICT is one oé timajor teaching and
learning tools. Much emphasis was placed on thediskCT in the
teaching of Basic Science and Technology. It isviigh of the Federal
government of Nigeria that ICT skills be inculcatagupils from Basic
Education. ICT is not only a learning tool but aesdeaching tool. ICT
support learning through four main effect: promgtircognitive
acceleration, enabling a wider range of experiemmeasing students’
self-management and facilitate data collection presentation. ICT
provides environment for integration of school satg and used to
teach all school subjects. Anu, Kapil, Sameer ageh®& (2011), opined
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that the role of ICT in teaching process helps olvisg many

educational programmes. It can be used for tugredsimulations and
drilling. It is very useful in handling large cl&ss According to
Baishakhi and Karmal (2016), the role of ICT in tA#' century’s

teacher education is inevitable for usability ofintthe teaching and
learning process.

In the new trends, introducing ICT into educatisithe answer for those
who ask; how can we increase the reach of ourtuisin to a larger
number of students. The Mobile learning is a risirend where the
education has outgrown the physical constraintthefclassrooms and
acquired mobility. Students access information védven and wherever
they want and institutions that provide such adedntechnological
terrains is rising in number day by day.

Various Devices in ICT for Learning and Teaching ae:

. Access of course materials through remote devices.

. Online digital repositories for lectures, course tenals and
digital library.

. Online/cloud based academic management systems.

o Employing the flipped classroom concept.

o Making use of handheld computers, tablets computauslio
players, projector devices.

. Also the rising number of Massive Open Online Cearsike

NOUN tells us that there is a huge demand for ledfFtlassroom
learning facilities (https://kenyayote.com>listiof- ).

Impact of ICT on Education

. It enhances learning experiences and provide neao$ekills

o It reaches more students with Massive Open Onlmgr€es

o It facilitates the training of faculties

. Minimise costs and saves time associated with métion

delivery and automating regular day-by-day tasks
o It improves the administration of institutions tmhance the
quality and efficiency of delivering tasks

The role of ICT in education cannot be overempleasiznformation
Technology (ICT) can impact students learning wteachers are
digitally literate and understand how to integrateto the curriculum.
Schools use a diverse set of ICT to communicaegter disseminate,
store and manage information. Using informationhitedogy in
education has made it possible for students to kewplearning,
irrespective of where they are. Teachers and psofsscan send
assignments to students and they can complete uwditsthem even
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without physically stepping into the classroom aondearning never has
a stop.

Advantages of ICT to Learning and Teaching

It guarantees e-learning or Online Learning

It brings inclusion

It promotes high-order thinking skills

It enhances subject Learning

ICT use develops ICT literacy and ICT capability

ICT use encourages collaboration

ICT use motivates learning

ICT in education improves engagement and knowledge

ICT are making differences in the teaching appreacand the

ways students are learning.

. ICT-enhanced learning environment facilitates  agtiv
collaborative, creative, integrating and evaluatearning as an
advantage over the traditional method.

In other word, one of the main aims of ICT in edimais to help
students to become competent and confident usesari use the basic
knowledge and skills acquired to assist them inrtheily lives. It is
supposed to prepare students for the future. Isdonhelp learners to
have an open and flexible mind. ICT is relevanteiaching BST topics.
Its advantages abound. It addresses most of tHa#epns of teaching
such as class size, lack of qualified teachers. Zdwming packages
which is used in conferencing and distant discussi@as very useful
during COVID-19 for lectures and teaching. Manytitasions versed in
ICT did not lose any academic session because Q9. There are
many other relevant of ICT in teaching BST topics.

Self-Assessment Exercises 3

Use your mobile phone and find out the applicatdrihe following
in learning and teaching: Black Board, Goggle Glass, Trello and
Microsoft Team

4.5 Improvisation
4.5.1 Improvisation of Teaching Materials

In the previous class, you learnt about teachisguece materials, types
and characteristics. In your word, name one charigtics of teaching
resource materials. Teaching resource materiatesmurce materials or
teaching aids should be appealing to the kids/siisdeSizes, shading,
smell or taste are proportional properties of thetamals which allure
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students and kids. Today you will learn the procefssmprovisation.
Not all the teaching resource materials are bodigimh the market or
stores or imported. Many of the materials are pcedulocally by the
teacher and students. This type of materials predilny the teacher or
teacher and students are called improvised matesiadl the process is
called improvisation. In the National Policy on Edtion for basic
education, much emphasis was placed on improvisationaterials for
the teaching of Basic Science and Technology. Thigies that both
the teacher and students/pupils should providenterials for teaching
BSTC using local materials. Improvisation is an aftthe teacher
providing alternative learning materials to faeilé teaching when the
original materials are not enough or not availabigprovisation is the
ability to take existing pieces and put them togetiin a new
combination for a purpose (https://web.pdx.edu>)rocBss of
improvisation involves the use of local materialsprovide materials
that can help students understand the conceptshttangclass or
elsewhere. It is generally initiated by the teachaet the learner can
participate in the process of improvisation by ediing materials for the
improvisation. It is a teaching tool because in thecess of
improvisation the students are learning. In thecess of improvisation
students/pupils learn the underlining principletloé concept by being
part in the construction. It is also a teachinghodt The process of
improvisation is used by the teacher to teach ®picBSTC in a form
of project. It is a construction process and isdute develop useful
materials that can be relevance in solving problemnike society. It is a
student-centred instructional process because rdsidge involved in
improvisation. One attribute of improvisation isath it uses local
materials from the environment of the learner todoice the learning
material needed for learning and teaching prod@ssause it involves
use of local materials, it introduces local milieuthe learning process.
Improvisation though very important in teaching dadrning, is time
consuming and costly. But it develops in studernlisskf invention,
removes the abstract nature of science and briggltaral milieu of the
learner into science. Holdhus, Hoisaeter and Mal(@016), explained
improvisation as basic tool for learning science.

Process of Improvisation:

In improvisation both students/kids and teachertigpate in the
process. The teacher takes the lead while the deafwilows the
teacher’'s directives. Generally, the students/kidBect the materials
needed for the improvisation. At the beginninglod tesson the teacher
introduces the topic, gives explanation of somecepts to be learnt in
the process and directs attention to it. Each @tildent bring out
his/her notes. As the teach fixes the materialsheefexplain to the
students what he/she is doing, make clear theiptesche/she is trying
to make the learners understand. The studentsgpuomly be asked to
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replicate the teachers sample on their own at horhe. process of
improvisation is an open form, in which participgmhay engage on
their own terms. It is a process through which sghjed knowledge
may become legitimised.

Importance of Improvisation
The importance of improvisation cannot be undearesid.
Chukwunyeremnwa (2013) identified the following:

o It reduces the money spent on the purchase of eocmnp in
educational institution

o Ensures the realisation of lesson objectives

. It encourages students toward the developmenteatige skills

. It gives room for teacher to demonstrate his cveaskill and
give room for use of cheap local materials.

o It provides a frame of reference on which studeats key their
attention during class period

o It enables the teacher to think of cheaper, bediedl faster
methods of making teaching learning process e#&siestudents
and pupils.

. Affords students the opportunity of becoming faariliwith
resources in their environment.

o Helps in solving the problem of lack of equipmemieducational
institutions

o It strengthens enquiry, discovery and investigativethods in
science

It makes one a team player and makes one a bisteardr

Reasons for Teachers to Use Improvisation in the &ssroom
Improvisation is fun for kids and students. It getslass full of students
moving, playing and laughing. Beyond simply engggirand
entertaining students and pupils, there are maasores for teachers to
use improvisation in the classroom namely:

o Change the vocabulary and change the behaviourYes, is
mantra of improvisation. In improvisation, we agerel we add.
By making improvisation an important piece of tHassroom
culture, the vocabulary of behavioural expectaticimsnge

. Free the mind now; judge later: Students don't just get stuck
saying ‘no’ to their teacher, they get stuck sayifmp” to
themselves as well. As teachers, we encourage thesay “no”
to themselves. It is necessary. Saying no is a péarthe
discriminating processes of editing, self-corregteind coming
up with the best answer. Improvisation is the beskto teach it.
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Build public speaking skills: for students who are nervous about
getting up in front of class to present, playingpmvisation
games and following direction with friends can bgreat way to
prepare. They have the safety of the group andazann the fun
as they feel comfortable. This can make the frdnthe class
seem like a less scary place.

Foster collaboration in groups: there is a place for assigning
roles among group members. Improvisation teachescipants
to step up when another idea is needed and cedi#otrevhen
another student wants to share.

Create something that's truly shared: creating is high-level
critical thinking skill and when you have createmmething as a
class or group for which no individual can takedareyou have
created something very special. It can developrgiortant new
science concept which can be refined and changed asit
progress.

Use multiple intelligences improvisation physicalizes learning,
meaning that spatial learners benefits when it sedu
Physicalizing learning through improvisation impesvstudents’
success with materials.

Present multiple points of view: nothing is better than
improvisation for seeing things from a differentirgoof view.
Through assuming the worldview of a character, esttsl can
change their perspective.

Discover new stars:you will find there is group of students who
excel at this kind of work and receive positivedieack from you
and their peers. For many of these students, b&istar in an
academic setting will be a new feeling. That's ae okind
motivator and can make a big difference in a childeé.

Practice what you preach:improvisation will make you a more
positive, creative teacher. Yes, and is a refrestanswer for
students to hear from you too. Improvisation wilake you a
better listener in the classroom and more operete directions
your class might take.

Demerits of Improvisation
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It is terrifying: Anything you have never done befohas an
element of terror in it

It is risky: Anything valuable is a risk at somevéé but we are
competent enough to take risk. You too are.

It is touchy-feely: There is a balance betweendund weird and
we tilt heavily toward the fun. We are differentdane are safe. It
is on the spot and no one like to be put on thé spo

It is abstract

It is interactive. Trust your team
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It is fun.

It is play

It is not serious
It is unknown

The process of improvisation gives teachers thevkeoige of creativity,

manipulative skills and critical thinking. It helps saving cost of
looking for ready-made instructional media whicle anore costly. It

encourages self-reliance and feeling of confidedagng instruction

delivery. Though improvisation is advocated for useteaching and
learning processes, it has some constraining mdéwing the teachers
during improvisation to include: financial consirts, large class size,
lack of skills and strategies on improvisation, dimconstraint,

unavailability of tools and lack of exposure on noyisation.

Self-Assessment Exercises 4

Improvise the material you will use to teach adessn pollution.

4.6  Glossary

o TRM - Teacher Resource Materials
o ICT - Information and Communication Technology
o MOOC - Massive Open Online Courses

4.7  Summary

It is at the heart of Basic Science and Technolagyiculum that it be
taught using varied types of resource materialsnfrthe students’
environment.

In this unit you have learnt the major resource=dun the teaching and
learning processes of Basic Science and Techngloggramme. You
have seen how ICT has double role of teaching earhing tools. The
role of improvisation, it's characteristics and bits were made very
clear and the relevance of human resources tontpéementation of
integrated science programmes. Local materials lrandan resources
draw the learner to close observation of their emment.

Improvisation in integrated science has a double &3 instructional
technique and a learning tool for beginners inreme It helps both the
learner and the teacher to develop manipulativé gking materials
from their environment to solve day to day problem.
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4.9 Possible Answers to Self-Assessment Exercises

SAE 1
By answering the following questions:
Is the teaching resource material culturally appede?

o Is it easy to follow?

o Is it engaging to students?

o Is it meeting the teaching objectives?

SAE 2

. Ask few students to gather materials to school

o Gather the materials in the store

. Get students to be forerunners for sorting the rizdse
o Keep record of your TRM

o Have routine check of the materials

SAE 3

Use your mobile phone to find out the applicatiofghe following in
the teaching and learning: Black Board; Goggle €@sm; Trello and
Microsoft Team.

SAE 4

Improvise the material you will use to teach padlat (air, water and
environmental pollution).
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MODULE 3 TECHNIQUES FOR ORGANISING BSTC,
LABORATORY AND  EVALUATION
PROCEDURES

In this course EDU 754 (Method for Integrated Sceénthere are 3
modules. You have studied the first two modules elgnhistorical
development of integrated science and philosophy sychological
theories of learning as well as methods of teachand selecting
materials needed for teaching BST. In this last m®dechniques for
organising BSTC, laboratory and evaluation proceguyou will learn
the organisation of the BSTC into syllabus, schefmeork and lesson
plans. In the module you will go into the BST caatum, study it,
break it into syllabus and schemes reflecting yearnd termly work to
cover. After this, you will also learn to organtbe scheme of work into
daily lesson plan. It is at this module that yoll iming into play all you
have learnt in the first two modules. In this madalso you will learn
about integrated science laboratory, its orgaromatind safety and be
acquainted with the evaluation procedures. Forautrevaluation, you
cannot be sure the objectives are achieved ofTihetmodule is divided
into three units:

Unit 1 Planning for Integrated Science Teaching

Unit 2 Integrated Science Laboratory, Design Safepd
Management

Unit 3 Evaluation Procedures of Learning outconmektegrated
Science

UNIT 1 PLANNING FOR INTEGRATED SCIENCE
TEACHING

Unit Structure

1.1 Introduction
1.2 Intended Learning Outcomes
1.3 Syllabus and Scheme of Work
1.3.1 Syllabus
1.3.2 Planning the Scheme of Work
1.4 Lesson Plan and Lesson Note
1.4.1 Organising a Lesson Plan
1.4.2 Planning a Lesson Note
1.5 Summary
1.6 Glossary
1.7 References/Further Readings/Web Resources.
1.8 Possible Answers to Self-Assessment Exercises
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1.1 Introduction

From all you have learnt from this course so fary will realise that
BSTC is being used interchangeably with integradettnce. This is
because BSTC is a replica of integrated sciencgramome. BSTC is
better used because of the UBE system being ruheircountry. It is
planned and organised to be integrated sciencis. dften used here
because that is exactly what you will teach andkweith both in the
primary, junior secondary schools and in higher rdeg This unit
provides information on documents that are avadalor Integrated
Science and that is Basic Science and Technologyalum. You will
study this curriculum and break it down into tedsbaform for the
realisation of the overall objectives. You will bkeBSTC into syllabus,
scheme of work, daily lesson plan and lesson note.

1.2 Intended Learning Outcomes
By the end of the unit, you will be able to:

o break BSTC into syllabus from primary one to sixi &S 1 to 3

. develop the scheme of work for each term for thengry and
junior secondary levels
o prepare the daily lesson plan for everyday teaching

1.3 Syllabus and Scheme of Work
1.3.1 Breaking the Curriculum into Syllabus

What is curriculum? Curriculum is a stands-baseglisace of planned
experiences where students practice and achieveipnzy in content
and applied learning skills. 1t is the centraldgufor all educators as to
what is essential for teaching and learning so &wary student has
access to rigorous academic experiences ( httpen/vide.ri.gov>).
Curriculum typically refers to the knowledge andllskstudents are
expected to learn, which includes the learning ddieals or learning
objectives, the units and lessons that teachech té¢fae assignments and
projects given to students and the assessments
(greatschoolspartnership.org and https://www.acadeedu>basic).
From the curriculum, the syllabus is developeddach level of student
for whom the curriculum is meant for. As a studgoti do hear about
syllabus. Can you explain in your own word what ymderstand by
syllabus? The curriculum as explained is a compendf activities the
learner will be exposed to. For instance, the BSM@h year one till
the program is finished in junior secondary schaalr three. It includes
both what the students will learn and do and whatteacher will also
do to achieve the stated objectives of the program&yllabus is a
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condensed outline of the main topics in the culmicu It is the

summary of topics to be covered during an acaderigose. It is

prepared by an Exam Board like Science Teacherdiatson of Nigeria

(STAN). It serves to outline the basic elementsaafourse including
what topics will be covered (https://www.definitenet>syllab). It is
arranged in a logical, spirally sequence for theopleof 9-years of basic
science and technology education. It is generadiyedby experts. The
teacher can build the syllabus.

Syllabus takes into account:
. The depth of coverage of the BSTC topic

. Sequence treatment of topics indicating the topie require
more time

. Guidelines for method of teaching

. Reference and materials needed for each topic.

In developing the syllabus, your first considenatwill be to look at the
BST curriculum, read the philosophy and objectiwEthe curriculum as
well as the activities outlines for each topic. Vil consider the level
of the learner and their age. Then you considertehehing approach
you will use considering their age and also thergppate materials to
use. The next consideration is the curriculum aanteivide the content
into the number of years, then the learners will dxposed to the
syllabus such that each year has its own syllafisés division is

sequentially and logically arranged in a spirahiaeflecting deeper in-
depth coverage as the learner moves to a highal. Iélere is an
example of BSTC Syllabus.

Basic Education (Primary 1-3)

Minimum of 6 subjects; Maximum of 7 subjects

Subjects Explanatory Notes

English Studies |.Official National Language

.Medium of Instruction in schools
. The subject predisposes itself for the infusion of
the following Road Safety Education, Disaster
Risk Reduction Education, Consumer Educatiof.
.Subject include Literature - in — English

Mathematics .Fundamental discipline for science and
technological development
.Important for everyday life

Nigerian .National Policy on Education (NPE) stipulates that
Languages the medium of instruction should be the language

of the immediate environment of the child.
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.Schools are free to select such Nigerian Langt
to be taught.

Basic Science an
Technology (BST)

dEach of the listed components will serve as the
for the Basic Science and Technology curriculu
.Climate change is part of Basic Science theme
. Disaster Risk Reduction Education and Consu
Education are infused into Basic Science
Technology Curriculum
.Create enabling environment for the subject in
schools by making computers available in scho

lage

mes

m

mer
and

all
ols

Religion and|.Listed components will serve as themes in |the

National  Values Religion and National Values Curriculum

(RNV) .Contents are planned for all children to take Sqcia
Studies, Civic Education and Security Education
themes
. Separate classes should be run for CRS theme and
IS theme
.Consumer Education, Disaster Risk Reduction
Education and Peace and Conflict Resolution
curricula are infused into the Civic Education,
Social Studies and Security Education Themes
.Create enabling environment for the subject in all
schools

Cultural & |.Important for preservation of our cultural Heritgge

Creative Arts and fostering Creativity

(CCA)

Example of Basic Science and Technology First Tenics (Syllabus)

Introduction

Waste dispo

Changes

> e e e o o o o o

to woodwork hand tools

The human circulatory system - the heart
Earth and Sky movement - the solar system
Waste and waste disposal

sal

Environmental quality
Changes cause by human activities — pollution temgollution

in non-living things

ttps://lessonplan.edudelight.com

Self-Assessment Exercises 1

What are the importance of syllabus to the teacher?

(

You have just finished learning about curriculund ayllabus, the next
step in the group is working out the scheme of w&theme of work is
defined as the structure and content of an acadeouicse. It splits an
often-multi-year curriculum into deliverable unaéwork, each of a far
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shorter weeks’ duration. Each unit of work is themalysed out into
teachable individual topics of even shorter durati®ood scheme of
work map out clearly how resources and class diets/and assessment
strategies will be used to teach each topic andsasstudents’ progress
in learning the material associated with each toprat or scheme of
work as a whole. Scheme of work is a weekly arramgg of topics
from the syllabus to be covered during the academear
(classhall.com.). It is generally done by the class teacher. Tkis i
achieved by dividing the syllabus into 3 parts esponding to 3 terms
in an academic year. The topic in each term scleedrd broken up to
several weeks in a term, by doing so, the teaclasr Jucceeded in
drawing the scheme of work for BST showing day ®&y dearning
experience and the topics to be studied. The sclodmerk is thus a
written plan showing what BST topic are to be cedeweekly taking
into consideration the following factors as stabgdAbdullahi (1982):

. The need for logical sequence

. The age, ability and previous knowledge of the shisl
. The amount of time required for each topic

. Number of effective teaching weeks in a term

. Number of teachings per a week

. Resource materials for teaching each topic.

A scheme of work should be ready by the beginnihthe academic
year. Some of the key issues to be included irstieme of work are:
class, period covered, number of weeks, numbeessans, objectives
of the lesson, teaching aids and syllabus topidserd are some
components that must be present in a scheme of mariely:

An outline of what will be covered and in whichdes
References to the topic chosen to cover

Resources materials and activities to be usedssote

Guidance on best teaching method to use

Room to grow and evolve as the school changes
Organisation

Training level

Subject

Date of preparation

Syllabus topic

Week

Number of period

Objectives

Application — (student activities, assignment, hammk and
practice)

Tools equipment/apparatus

° Notes

o Remarks (date when taught)
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Preparing a Scheme of Work

You have learnt that scheme of work is a plan fomething. The
teacher’'s scheme of work is therefore, his/her pdaraction which
should enable him/her to organise teaching actwisihead of time. It is
a summarised forecast of work which the teachewsidens adequate
and appropriate for the class to cover within agiperiod from those
topics which are already set in the syllabus. Aletpared scheme of
work among other things, should:

Give an overview of the total course content

Provide for a sequential listing of learning tasks

Show a relationship between content and supponadg
Provide a basis for long range planning, training avaluation
of the course.

A scheme of work can be made to cover one weekhwrgh and one
term depending on the duration of the programme.

Some Considerations to Bear in Mind When Preparinghe Scheme

of Work

. Understanding the Syllabusthe teacher is expected to
thoroughly understand the syllabus and content ridero to
achieve the objectives. The teacher must be coanergith the
curriculum in order to implement it.

o Preceding and succeeding syllabus conténé teacher should
not only identify the learning contents but sholld able to
arrange the content in logical teaching order.

. Syllabus Contents of Related Suhjddte teacher should scheme
the subject considering the content of relatedestibj

o Existing Scheme of Work for the Subijéhere there is existing
scheme of work, the teacher can revise and bring b date to
suit the students

. Reference Material and Examinatiofhe teacher should be
familiar with reference material that is availalite effective
coverage of the topics in the scheme of work.

o Time EstimationNumber of effective teaching period varies.
. Effective teaching time must be estimated befongict® are
selected

A SAMPLE FOR A SCHEME OF WORK

Subject ..............l Year................ Term................
Name of Instructor.................ooeeeee.

Date of Preparation.........................

Date of Revision............ccoceeieiieninn,
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Week

Lesson Unit/| Topic | Specific | Con| Met | Learner | Teaching| Reference/
period Objective | tent | hod | activities | aids remarks

Basic Science Scheme of Work for JJS1 Third Term
Topics Week

Revision of last term’s work 1
Force (i) Meaning of Force
(ii) Types of Force

(i) Uses of Force 2
Force (i) Calculation of Gravitational Force

(i) Meaning of Gravitational Force 3
Force: Friction:

(1) Uses of Friction

(i)  Advantages and Disadvantages of Friction

(i)  How to Reduce Friction

(iv) Balanced and Unbalanced Forces 4
Force —Gravitational Force and Weightlessness:

(1) Meaning of Gravitation

(i) Effect of Gravitation of Objects

(i)  Weightlessness 5
Force —The Earth in Space:

0] The Solar System

(i)  Earth’s Rotation and Revolution

(i)  Eclipse of the Sun and Moon 6
Force-Space Travel:

(Ymeaning of Space Travel

Purpose/Advantages of Space Travel

Dangers of Space Travel 7
Force-Satellites:

(1) Meaning of Satellite

(i)  Types of Satellite

(i)  Uses of Satellite 8
Revision 9
Examination

(https://classhall.com.)

Self-Assessment Exercises 2

Shortlist five points to consider in preparing hame of work.

1.4
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1.4.1 Lesson Plan

In the previous lesson, you learnt how to prepareesie of work.
Today you will learn another important aspect aicteer’'s activity -
preparing a lesson plan. Preparation of schemeodt,viesson plan and
lesson note are the major aspect teaching professidhey are the
major work of the teaching profession which theckesa must do before
entering the class to teach. The effectiveness wfaaher is based on
how the teacher prepared these events. Lessongtateacher’s daily
guide for what students need to learn, how it Wwél taught and how
learning will be measured. Lesson plans help teach® be more
effective in the classroom by providing a detaitedline to follow each
class period. Lesson plan is a teacher’s deta#sdription of the course
of instruction or learning trajectory for a less@ndaily lesson plan is
developed by a teacher to guide class learningailBetary depending
on the preference of the teacher, subject to beredvand the need of
the students. Lesson plan is the centre for tegchxtellence. It is a
guide to the teacher in presenting a good and tafeetesson in class
(content.wepik.com/statics/66906).

Lesson plan is said to be a guide to effectivetisacas it directs the
teacher in the same manner a compass gives a taviga or her

bearing. It is a daily outline of learning activifgr students usually
drawn up after the preceding lesson. Lesson plemaat prepared for a
long time due to new innovative approaches which ba used. A
lesson plan is the instructor’'s road map of whatlshts need to learn
and how it will be done effectively during classé. You can design
appropriate learning activities and develop stiatetp obtain feedback
on students learning. Having carefully construgtedr lesson plan, you
will be able to enter the classroom with more aderfice and maximizes
your chance of having a meaningful learning expege with your

students.

Six Steps for Preparing Lesson Plan

. Identifying learning objectivesdefore you plan your lesson, you
will identify the learning objective for the lessoA learning
objective describes what the learner will know erdble to do
after the learning experience. It is usually writia action verbs
such as describe, draw, discuss, demonstrate anoh.s@he
Bloom Taxonomy is a useful resource for craftingurieng
objective.
Example: at the end of the lesson the students heillable to
describe, draw, demonstrate.

. Planning Specific Learning Objectivesthis is the type of
activities the students will need to engage inpraier to develop
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the skills and knowledge required to demonstratiectte
learning in the course. It should be directly retato learning
objectives.

o Plan to Assess Studentshis include test, problem sets,
assessment which will provide opportunities fordstus to
demonstrate and practice the knowledge and skilisuéated in
the learning objectives.

o Plan to Sequence the Lesson in an Engaging and iMgah
Manner

. Create a Realistic Timeline

. Plan for a lesson Closure

Suggested Format for Basic Science and Technologgdson Plan.

Subject; Basic Science and Technology Clas$1JS
Date: 17/9/91

Unit: Living Things in the Environment

Topic: Plants and Animals

Average age: 9 years
Time of learning: 9.05-9:45am

Instructional objectives: These are objectivesestat terms of what the
student should acquire/gain during the lessoradui$es attention on the
learner’s understanding of the concepts taughtusuglly stated using
active verbs such as: differentiate, decide, ddasgsify, demonstrate.

Resources: This explains the type of materialstdasher thinks are
suitable for the topic and age of the learner.

Introduction: This is the set induction or mannbe tteacher finds
suitable in introducing the topic.

Learning Activities: This shows step by step préggon of the topic to
students

Time: Time each step of activity lasts

Evaluation: In a form of assessment, the teaches uaried methods to
determine the extent at which the students leawlrext was taught.
Summary: These are salient points the teacher pwndon the
chalkboard for students to copy as a reminder @firtiportant points to
record.
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Self-Assessment Exercises 3

What are the components of a lesson plan?

1.4.2 Preparing Lesson Note

In the last lesson, you learnt about lesson plam ¢u explain what
lesson plan is? In lesson plan the teacher displsylser act of teaching.
It is in preparing the lesson plan that the teadhews his/her mastery
of teaching profession. Bad lesson plan is badhiagc In this sub-

theme, you are going to learn another importaneetspf lesson plan
known as lesson note.

Lesson note is a detailed description of all leagractivities by both the
teacher and students selected for a particulaoeshowing how the
lesson will be produced, previous knowledge ofl#@ner, descriptions
of the different methods to be used as well auged questions to be
asked. The form of lesson notes depends on thedulgategory of
learner and available resources.

A lesson note is a document where the teacher dipsindicates the

flow of lesson and its effect on the learners. Muftn, lesson note is a
handwritten document where the teacher documenas iwlbeing taught
and activities the students are going to engag®@rieparing the lesson
notes allows a teacher to understand and helpetiradr progress in the
classroom. This is mainly because lesson notessexbow a particular
lesson is progressing and to which extent the &rarhave acquired the
knowledge imparted to them by the educator. In,fdesson note

demonstrates the impact of teaching on the learimera particular

classroom.

Differences between Lesson Plan and Lesson Note

Thus, the difference between lesson plan and lesstsis a matter of
details. Integrated Science lesson plan is easiarite and short to be
read quickly, but lesson note indicates clearlydbetent and method of
the lesson and aids the teacher's memory. Lessomiplan outline of
the teacher’s business and lesson note givesdadiumt of step by step
of the instruction. A lesson plan refers to stepstgp plan of how the
teacher is going to conduct the lesson and inclutiesobjectives,

content and methods through which he/she plans mpait the

knowledge to learners. In contrast, a lesson n®ta note where the
teacher documents the flow of a lesson and itsedfie the learners.

In preparation, a teacher prepares a lesson planebie lesson and the
lesson note while the lesson is going on. Simply fhe main difference
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between lesson plan and lesson note is that adeacapares a lesson
plan before the lesson in order to increase thdymtivity of the lesson

while a lesson note is prepared by the teacherewh# lesson is going
on in order to measure the level of comprehensioth® learners and

impact of the lessons on the learners.

Tips on Writing Lesson Note

Here are the six steps for creating a good teaahie
° Know your purpose

Write your outline

Plan your schedule

Know your students

Use different student communication designs
Use different learning methods

A Specimen of Basic Science and Technology Lessont&lon Plant
and Animal
Name of the School

Date: day/month/year
Subject: Basic Science and Technology
Class: JSSI

Step 1:The teacher asks the students to name differemtads and the
food they eat.

Step 2: The teacher asks the students to group the animafgioned

into the type of food they eat. The teacher usesthdents’ grouping of
the animals to give each group its biological teimogy - carnivores,
herbivores and omnivores

Step3: From the students’ list of animals, the teach&s dke students
to group the animals into backbone and those witl@aeckbone. The
teacher explains what is meant by backbone. Thehégebuilds on the
students grouping to explain and give each growgir tterminology-
vertebrates and invertebrates

Step 4 The teacher tells the students to look at thkeings and decide if
they can bear flower. The teacher uses their raplgroup the plants
into flowering and non-flowering plant

Summary: These are what the teacher should leave on thkbdzad
for students to copy in their note:

. Both plants and animals show all characteristicivaig things
(they grow, feed, breathe, excrete, reproduce aspond to
stimulus)
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. Animals are grouped into carnivores (those that fea flesh
example - dog, lion) herbivores (those that feedj@ss example
- goat, cow) and omnivores ( those that feed ot lgpass and
flesh example - human being)

. Animals with backbones are called vertebrate aniexaimple -
fish, goat, man

. Animals without backbones are called invertebraggample -
snake, spider

. Plants that can bear/produce flower are called dlovg plants
example - maize, paw-paw, orange

. Plants that cannot produce flower are called non4ring plants

example - palm tree.

Evaluation: The teacher asks the students the following questi
orally:

(1) Distinguish between plant and animal

(i)  Name two invertebrates and vertebrate animais your
compound

Assignment: The teacher gives the students the following assent as
home work
List 10 herbivores, omnivores and herbivores arsnralyour village.

Self-Assessment Exercise 4

In your own words what do you understand by thentegsson note
Differentiate between lesson plan and lesson note.

1.5 Summary

In this unit, you have seen that teaching is abssrbusiness that it
has tobe planned. It involves dedication and commitmenptesent
quality teaching to the students.

In this unit, you learnt:

. The meaning of the concept syllabus and from wheres
developed

. The description of Scheme of work and how it iseleped

o The difference between lesson plan and lesson note

1.6 Glossary

o Curriculum:  typically refers to the knowledge and skills

students are expected to learn, which includes I&aening
standards or learning objectives, the units andoles that
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teachers teach, the assignments and projects giv&ndents and
the assessments.

. Syllabus is a condensed outline of the main topics in the
curriculum.

o Scheme of workis defined as the structure and content of an
academic course.

o Lesson planis a teacher’s daily guide for what students nieed
learn, how it will be taught and how learning vii# measured.

o Lesson noteis a detailed description of all learning actegtiby

both the teacher and students selected for a plantidesson
showing how the lesson will be produced, previoosvwedge of
the learner, descriptions of the different methtalde used as
well as included questions to be asked.

1.7 References/Further Readings/Web Resources
Abdullahi, A. (1982)Science Teaching in NigeriAtoto Press, llorin

Houston, A. (1970).Principles of Objective Testing in Physics
Heinemann, London

Mapaderum, D. (1970). Science Method In: AyelagbeA. (Ed.).
Teaching methods for Business, Language, ScienceialS
Sciences and Technical EducatioAndrian Pub. Series. St.
Andrew’s College, Oyo.

Urevbu, A. (1990).Studies in Science Education: Methodology of
Science Educatiorluland Educational Pub.

Collet, H.; Holmes, P.; Koch, A.; Ritchie, E.. & dimas, C. (2016).

Excellence in Basic Science and Technology Junémoi&ary
Teachers’ Guide 3Cambridge University Press, London.

1.8 Possible Answers to Self-Assessment Exercises

SAE 1

. It guides the teacher on what to teach, the agdewad of depth
to go

. It helps the teacher to determine the relativecéiffeness of the
programme in terms of students behavioural planning

. To make reliable decisions about educational pteani

. To identify students’ growth in acquiring knowledaed skills

SAE 2
List of considerations in planning the syllabudunie:
. Understanding the curriculum
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Preceding and succeeding syllabus
Syllabus contents of related subjects
Existing scheme of work

Reference materials

SAE 3
A lesson plan has the following components namely:

Subject to be taught

Date of teaching

Unit of the subject to be taught

Topic from the unit to be taught

Age of the learners

Time it will take to teach the unit

Instructional objectives to be achieved
Learning activities to be done by the learners
Resource materials to be used

Evaluation

SAE 4

Lesson note is a detailed description of all leagractivities by both the
teacher and students for a particular lesson anesete is a document
where the teacher basically indicates the flonegfbn and the effect on
the learner. It is usually hand written. It expokesv a lesson is going
forward.
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UNIT 2 INTEGRATED  SCIENCE  LABORATORY,
DESIGN, SAFETY AND MANAGEMENT

Unit Structure

2.1 Introduction

2.2 Intended Learning Outcomes

2.3 Integrated Science Laboratory, Design, Safety
2.3.1 Integrated Science Laboratory
2.3.2 Design of Integrated Science Laboratory
2.3.3 Safety in Integrated Science Laboratory

2.4  Management and Organisation of Integrated Sei&aboratory
2.4.1 Management of Science Laboratory
2.4.2 Organisation of Integrated Laboratory

2.5 Summary

2.6 Glossary

2.7 References/Further Readings/Web Resources.

2.8 Possible Answers to Self-Assessment Exercises

2.1 Introduction

In the previous unit, you learnt about the curdenl and how the
syllabus is developed from the curriculum. From $ly#abus, you can
create the scheme of work from which you develaplésson plan and
lesson note. These are the tools for teaching. &itthem the teacher
will not be effective, coherence and will not halieection. In this unit,

you will learn about the integrated science labmsaas an essential tool
in teaching of integrated science. The unit has fimemes namely:
integrated science laboratory, design, safety amghagement and
organisation of integrated science laboratory.

2.2 Intended Learning Outcomes

By the end of the unit, you will be able to:

explain what an integrated science laboratory is
describe the designs of integrated science labyrato

prescribe safety in the integrated science laboyato
organise and maintain an integrated science latnyrat
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2.3 Integrated Science Laboratory, Design and Safet
2.3.1 Integrated Science Laboratory

In the BST curriculum, it was recommended that graéed science
should be taught in integrated science labora®ejore we go into the
day's lesson, what is a laboratory? Do you haveriaory in your area
of work? Look around it and list the materials tn liaboratory is a

facility that provides control condition in whiclegearch, experiment
may be performed. Its content shows it is beingduee. There are

different types of laboratory which depends onuise and the type of
equipment kept in it. We have language lab, conrdate darkroom lab

and so on. We have science laboratory such as strgnab, physics

lab and biology lab. Lab is a short form for laldorg. Science

laboratory is a setting or place to try scientiidormation and test
principles and theories. Laboratory training isjfrently used to develop
skills necessary for more advanced study or rekedirés equipped to

provide answers to scientific questions. Laboratsrgn integral part of
science education. Your concern in this unit isegnated science
laboratory. Integrated Science has its laboratergtgpulated by NUC

Benchmark. Just as there is biology, chemistry pimgsics laboratory,

there is Integrated Science laboratory designedtterteaching and
learning of Integrated activities of Basic Scienard Technology
curriculum.

An integrated science laboratory provides for aegrated study of the
science for the students where they get the rigigetus to learn by
doing. It is a science laboratory which brings elosss of knowledge of
various subjects, integration of physical structinaving lab items of all
subjects in one lab. It is a place to inculcate detlelop a scientific
temperament and provide a perfect platform forradie knowledge. It
provides for an integrated study of the sciencedhe students where
they get their right impetus. In an Integrated Scee class there is a
small space designated as Nature corner where ialatérought by
students or from the lab for teaching in the classr are kept.
Integrated Science laboratory is one of the catefor NUC
accreditation of Integrated Science programme m diepartment of
Science Education for degree programme.
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Sample of Integrated science Lab.

Integrated Science laboratory is an instructiorsility used by the
Integrated Science teacher to help students ldautacience and how
scientists investigate and acquire knowledge atloetworld around

them and use the knowledge to invent, create amuvate to better the
conditions of the society in which they live. Itasschool building set
aside for scientific activities. Integrated Scienledoratory is very
important for the teaching of Basic Science andhihetogy because the
curriculum emphasized students’ full involvementsicience practical
works. The emphasis on laboratory work is to en#idestudents in the
early stage of learning science develop scienskidls and attitudes.
Nagaraj (2013), perceived integrated science ldboraas tool for

holistic and constructive learning.

Self-Assessment Exercise 1

What is Nature Corner?

2.3.2 Designing an Integrated Science Laboratory

Science education has taken centre stage in prinaag junior
secondary schools as a result of ‘no child is betiind’ and increasing
emphasis on science, technology, engineering arnldematics (STEM).
Science is around us from the air we breadth tdfdbd we eat, to the
objects in our environment, to the technology dmel rhachine we use.
Teachers have every opportunity to integrate seietac their daily
classroom, according to America Science Educatib8E(, science
education provides multiple students benefits. dditon to fostering
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the budding scientists of tomorrow, a good scieaaeiculum makes
students:

o Makes students think beyond the classroom
. Inspires curiosity and wonder about the world
o lllustrates science in multiple dimensions

A good integrated science laboratory is requiredhz implementation
of BSTC. As earlier said Integrated Science has its ownrktboy as
stipulated in the NUC Bench mark for accreditatioh Integrated
Science degree programmes. It consists of a lagkémell ventilated
and lighted, equipped with laboratory benches finatth burners, wash
hand basin. In the large hall equipment is arrangezbrding to what
they are used to teach. For instance, physics-basgdrials are kept
together to ease selection and use so also othegrated science
programmes. Everything needed in science laboraieryin the
Integrated science laboratory but are displayedhia lager hall in
partitions. Integrated science laboratory has g@raom where
materials not in use are kept. It has technologietm where the
technologist managing the laboratory stays. Therdso a display room
where students’ projects or products are kept. niegrated science
laboratory Mathematics has its own partition in taboratory with
rulers of different kinds, measuring equipment aother related
materials are kept.

In the classroom at a corner there is a natureeconinere materials
brought by students are keep for easy accessihitityexamination. The
integrate science lab must be spacious and freeement. It must be
well ventilated and lighted. Charts are displayedhie laboratory. Also
placed in the integrated science laboratory aretgafiles, diagrams.
There must be fire extinguisher and bucket of sartde laboratory.

2.3.3 Safety in Integrated Science Laboratory

In the previous class, you learnt about the desigscience laboratory
as an open hall well ventilated and lighted withrstrooms attached and
equipment and chemical as well as biological malerare kept. In
today's class, you are going to learn safety in ititegrated science
laboratory. You know that excitement, wonder and ftharacterises
science learning and many students see it as eftoseek answers to
their numerous questions and seek satisfaction htr tunending
curiosities. But curiosity killed the cat and thesfedents are apt to get
themselves and others including the teacher inéatgdeal of trouble
and make science not exciting but dangerous. Tleeofisntegrated
science in primary and junior secondary school whstudents’
dispositions and material usage are organisedhfersble purpose of
facilitating learning with minimum exposition to exd constitutes the
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trust of this lesson (academia.edu>). After saitigfyphysiological
needs, human beings as indicated by Maslow (195K protection and
safety from danger. Secondly, a learner will oelgrh best when danger
is not built into learning environment. Thus, arvieonment perceived
to be a potential danger will scare the learner wight otherwise have
benefited from the learning experience (OkebukdR82). Since the
major aim of integrated science laboratory is te o teach science in
order to make the students and pupils developsskillexperimenting,
observing and other processes of science. Thedeasha facilitator of
learning should bring the learner and these ohjestinto meaningful
harmony while blunting off the sharp edges of tfamsactions that can
put the learner into danger (https://www.researthgat.).

Safety Considerations in the integrated science Lalpatory

o It is wise to give students a safety talk when bemig to learn
science in the first year. This is a forum for dissing with
students the need for and how to ensure safetyenstience
laboratory. Periodically such safety talk shouldniedd to refresh
students’ ideas about this important matter.

. Since at these ages students and pupils are playien left on
their own and often let their enthusiasm run witegy should not
be allowed in the laboratory unless a science tastpresent

. Except when needed for out-door studies, matestadsild not be
taken out of the laboratory

o The teacher should ensure that:

I. Solids are not put in sinks

il. Stock bottles of concentrated acids, alkalis and
inflammable substances are locked in cupboardshén t
prep room.

iii.  All poisonous substances should be labelled ancedlan
locked cupboard, the key of which should be in the
teachers charge.

. Care in handling glass vessels will guard agaio&t. Burns and
scalds will be avoided. Burners and vessels coniginot liquids
are kept well away from the skin. By the same pugoa eye
injuries from the spilling of liquids can be minised and further
protection given by use of eye shield

o A set of laboratory rules should be discussed veiiindents,
reproduced and copied given to students to attacttheir
notebooks. The rules should include:

I. Materials should not be taken out of the laboraexgept
as directed by the teacher

il. Chemicals should not be tasted but can be smeligd w
care if there is need to do so

iii. Only small quantities of chemical should be usetesm
instructions to the contrary
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iv.  Water and gas taps should be turned off beforarigathe
laboratory
V. Dangerous gases should be generated outside aleinsi
fume cupboard
vi.  Avoid naked wires
vii.  Vessels containing hot liquids should be handlet aare

viii.  Electrical apparatus should be connected usingvaeeord

ix.  Bottle containing reagents should not be carriedngyneck but
at the base

X. No student should enter the laboratory except unther
supervision of the teacher

Xi. Do not eat in the laboratory

xii. ~ Wash you're your hand before and after learnindpélaboratory

xiii.  Accidents must be reported immediately

xiv.  The door of the lab should not be locked when dtdsupied
Xv. A safety poster be conspicuously placed in the lab.

The integrated science lab must have at leastite@xtinguishers

First aid box must be kept in the lab and the simaeacher should have
knowledge of first aid. The science teacher shdwdép records of
accidents that occur. He/she should keep recora@dl ofiaterials in the
laboratory.

Self-Assessment Exercise 2

What are the relevance of integrated science ldhetéearner?

2.4 Management and Organisation of Integrated Sciexe
Laboratory

2.4.1 Management of Integrated Science Laboratory

In the previous classes, you learnt about safetlydmsign of integrated
science laboratory. These depend on the manageandnbrganisation
of the laboratory. The question now is: who manaties integrated
science laboratory? With earlier discussion on tgafd integrated
science lab, there is need to ensure proper maragewi the
laboratory. Integrated science laboratory need somdo manage it,
either the teacher or a technologist. Preferaligcanologist who will
keep order and ensure cleanliness, servicing ofipeggnt and
arrangement of activities in the laboratory. Thehtelogist records and
keeps the inventory of all that are in the labamatocluding unused
ones. The technologist gets materials ready foritkegrated science
teacher. Like every other laboratory, integratetersze laboratory is
prone to accident. He/she arranges schedule foofue laboratory to
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avoid clash of programmes. More importantly, thenagement of the
laboratory ensures the safety of both the equipraedtthe personnel
using the laboratory including students and teach&po ensure the
safety of the materials and those using them ttlent@ogist will ensure
that laboratory rules and regulations are obsemwbeén practical is
going on and the equipment are arranged and storegerly. The
following safety rules should be enforced in anegmated science
laboratory:

. Do wait outside the laboratory until you are astedome in

. Do only the experiment authorized by your teacher

. Do heat liquids slowly and rotate the tubes to dwier heat

. Do wet the end of the glass tube before insertimgo rubber-
tube

. Do report any gas leakage

. Do not run or play or rush in the laboratory

. Do not eat in the laboratory

It is a common thing that even when all necessagcgutions and
measures are taking and safety regulations arercmafo integrated
science laboratory like other laboratories is giilbne to accidents or
accidents still occur. The common injuries in imbdgd science
laboratory are:

. Bleeding due to cut glasses, broken glasswarep sitgects
. Burn from naked fire and chemicals

. Shock from electricity

. Suffocation from inhaling injurious vapour

. Eye injury from particles

It is the duty of the integrated science teacherhnologist to educate
the students on safety rule and regulations. dlss their responsibility
to offer appropriate first aid mediation in caseapfy accidents in the
laboratory.

Self-Assessment Exercise 3

What are the functions of integrated science laboyananager?

2.4.2 Organisation of Integrated Science Laboratory

All these weeks you have been meant to understamdntportance of
integrated science in the teaching and learning¥C content. This is
SO0 because integrated science laboratory is orteeotomponents in
learning science. You have learnt the importancsafdty in the lab as
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well as its management. Today you will learn altbetorganisation of
the laboratory. All these are to ensure the smoatining and safety in
the laboratory and within our environment.

Organisation of the integrated science laboratakes care of the
placement of the laboratory equipment and mateiral¢heir proper
places. Laboratory organisation is simply to divide lab into its
component sections and discuss each separatelyrdtaby space is
always at a premium so making the lab more orgdrisa great way to
improve productivity and efficiency. The integratedence space can
be issue especially if it houses large equipmentofganised lab does
not just mean keeping the benches clean and tidgisb establishes
healthy habits, schedules activities such as alggarget practical rules
for ordering materials and help to improve workwfland productivity.
A tidy laboratory makes work more pleasant, lessrgsrone and much
more time efficient.

Tips in Laboratory Organisation

o Schedule your tasks

o Use vertical spacejust like your kitchen, shelves, wall cabinets
and top-mounted cabinets are ideal for storingghithat are not
regularly used.

o Give everything a home

o Labels:label the shelves and cupboards, label samplegjcsts,
equipment

. Keep track of your stoclhis involves having an inventory

o Go digital with documentskeep important documents such as
guarantees and equipment manuals in a safe drawer

. Perform audits:carrying out audits every few months will help

you understand if you need to stock up on any suaptl check
expired dates

2.5 Summary

In this unit, you learnt that:

. Integrated science has its own laboratory differeam other
science laboratories to suit the nature of acéigithat take place
in it.

. It has all the facilities of a laboratory such derage room,

preparatory room, well ventilated and lighted, basrce of water
and heating instrument

. Safety in integrated science laboratory is pararhoun
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. There must be a technologist to manage and orgartize
activities in the laboratory. It can be the teaabrea technologist.

. It is a NUC requirement for accreditation of Intagd Science
degree program. It was also one of the recommesrdatin
Bench mark for BSTC.

2.6 Glossary

o Laboratory is a facility that provides control condition irhigh
research, experiment may be performed.

o Nature corner is a space created at a corner in the classroom

where materials brought by students and used &uhirg Basic
science and technology are kept for at least a vbedére they
are taking back to the laboratory.

2.7 References/Further Readings/Web Resources
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2.8 Possible Answers to Self-Assessment Exercises

SAE 1

Nature corner is a space created at a corner ircldssroom where
materials brought by students and used for teacBesjc science and
technology are kept for at least a week before #reytaking back to the
laboratory. Also, materials brought by studentstéaching are allowed
to remain at the Nature Corner a week before reinovéne integrated
science laboratory store if they are relevant. Dleeefits of Nature
Corner abound:

. It reminds the students of the science topic tatighitweek

. It draws the attention of the students to the i@tahip between
science in the classroom and their environment.

. It makes the materials easily accessible for teechin the
classroom

. It helps the students remember what they were tataghthe
week in Basic science and Technology

. It is child-centred because the students are imeln the

building of the Nature Corner.

SAE 2

o Makes students think beyond the classroom

. Inspires curiosity and wonder about the world

o lllustrates science in multiple dimensions

SAE 3

The laboratory manager:

. Records and keep the inventory of all that arehin laboratory
including unused ones.

o Get materials ready for practical

. Ensure laboratory rules and regulations are obderve

97



EDU 754 SUBJECT METHODS (INTEGRATEDENCE)

UNIT 3 EVALUATION PROCEDURES OF TEACHING
AND LEARNING OUTCOME OF INTEGRATED
SCIENCE PROGRAMME

Unit Structure

3.1 Introduction
3.2 Intended Learning Outcome
3.3 Test and Measurement
3.3.1 Principles of Test Construction
3.3.2 Construction of Marking Scheme
3.3.3 Project-Based Assessment
3.4 Glossary
3.5 Summary
3.6 References/Further Readings/Web Resources.
3.7 Possible Answers to Self-Assessment Exercises

3.1 Introduction

Throughout the course of EDU 754, you are leariog to carry out
the functions of a science teacher. In this lagt you are going to learn
how to evaluate the learning outcome of the leanehether you as a
teacher and implementer of BSTC has achieved tfezties set out for
BSTC to achieve. One of the main duties as an lated science
teacher is to promote the learning of the fundaaletdsks and
principles of Basic Science and Technology Curtiouland develop in
the students the abilities and skills needed toagagin scientific
processes. However, as the acquisition of scienkifiowledge is the
ultimate criteria, it is imperative to regularlyauate students’ progress
in their learning of Basic Science and Technoloygur role as a
teacher in evaluation of students is very impor&mt crucial. Thus, you
should be well equipped for the performance oft#si. In this unit you
will be exposed to one of the commonly used methafdevaluation
which is teacher’s test.

3.2 Intended Learning Outcomes
By the end of this unit, you will be able to:
. construct Tests

. establish Marking Scheme for the Test
. carry out Project-Based Assessment.

98



EDU 754 MODULE 3

3.3 Tests and Measurement
3.3.1 Test Construction

Teaching and learning processes are incompleteoutitdetermining
students’ learning outcome (Obi, 1977 and Folagh®88). From the
expert’s view, test is the most reliable methodilatsée to practicing
teachers of education of early learners for assgs#ieir learning
outcome. Obe (1977), defined test as a series tfitaes purposely
designed to measure learner's abilities to recadit.f According to
Findley (1963), functions of test are categorisatb iinstructional,
guidance and administrative. There are two maim#oof test namely:
teacher made test and standardised test.

Instructional function— Testing of students’ progress in the science
class provides the teacher with the informationtioa students’ rate of
learning.

Guidance function—Reports of test are counselling tools for the
teacher, guidance counsellors, parents, admirostrain matters of
career choice

Administrative function—It is a quality assurance for schools. It
assists in grouping or placement of students.

Different Forms of Test

Test is an assessment model for determine studeatsiing outcome in
a subject at mid-term or at the end of a sessioafter a topic. A test
must be valid, reliable. There are four forms st ramely:

I Essay type of test: This is used to evaluate tladitgtive aspects
of verbal instruction

il. which requires the student to compose a response.

iii. Objective test: An objective test is one in whibere is only one
answer to each question

iv.  Multiple choice test: In multiple test, each tast has a number
of alternative answers from which one is correct.

V. Short answer item of completion test

Any of these forms of test can be used by the &adiut the choice of
which form to use lies on the teacher.

Principles of Test Construction
In constructing a test, the following points aresidered:

. Identification of major concepts to be tested
. Identification of cognitive levels to be tested
. Decision on the number of test items to be incluidetie test
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. Preparation of table of specification to guide thacher on the
number of test items from each concept

Table 1: Table of Specification for an Integrated Sience multiple

choice test

Specification for [KnowledgdComprehensijapplication|AnalysigSynthesifEvaluatiorTotal
Theme

Family Traits |2 1 1 0 0 0 4
Environmentab 5 2 0 0 0 13
Hazard

Drug Abuse |2 1 1 0 0 0 4
Resources

from living

things 3 1 1 0 0 0 5
Resources

from nont

living things |2 1 1 0 0 0 4
Total 15 9 6 0 0 0 3@

Table 1 lllustrates the specification required in terniBasic Science

for Theme 1 and the cognitive levels. The tablewshdhat 5 Basic

Science concepts are to be tested across the @igedavels as stated
by Bloom (1956). The number of items to be sele&tech each concept
is indicated and the number of items per conceppread across the
cognitive levels.

General Tips in Designing a Test

o Start with the learning outcomehoose objective and subjective
items that match your learning outcomes and theellef
complexity of the learning outcome.

o Use a test blue printA test blue print is a rubric, document or
table that lists the learning outcomes to be testieel level of
complexity and the weight for the outcome. (Seelwe kprint
above). A blue print will make writing of the teshsier and
contribute immensely to test validity.

o Let your students know what to expect on the t&stexplicit,
otherwise students may make incorrect assumptiontdhe test
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Word questions clearly and simplhavoid complex questions,
double negatives and idiomatic language that magiffieult for
students especially multilingual students to unidei.

Have a colleague to read through your questions.

Assess the length of the questiodsiess your goal is to assess
students’ ability to work within time constraintdesign your
qguestion so that students can comfortably compietia the
allocated time.

Write your exam key prior to students taking thanexthe point
value you assign to each question should align thi¢ghlevel of
difficulty and the importance of the skill beingsassed.

Design your exam so that students in your clas® leav equal
opportunity  to fully demonstrate their learning
(https://www.sciencedirect.com>).

Qualities of a Good Test

Reliability: uniformity in measurement.

Utility: must be cost and time effective.

Consistencyfree from extraneous source of errors

Validity: how well a test measures what it supposed to nmeasu
(slideshare.net. test construction.).

Self-Assessment Exercise 1

What are the considerations of a good test?

3.3.2 Construction of Marking Scheme

Marking scheme is a system for awarding pointscfarect answers or
for proficiency in an examination or competition.helps students to
view their exam papers to see how the marking seheas applied. It is
a plan or guideline used in the marking of schdaldecen’s/students’
written work by teaching staff. A good marking sefeemakes marking
less subjective. Separate the communication geslftom the spelling,
grammar and word use. An example of a marking seheam go like

this:

0 1 |2 | can understand what you
have written

0 1 The style is appropriate

0 1 |2 Your use of words, grammar
and spelling is correct
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NOTES:

o Communication If you can understand what the student has
written, then they get full mark for this secti®@ome difficulty in
understanding 1. If you can only understand a#tezading many
times, then 0. Numbers understanding also scores O.

. Style:If the student has used an appropriate style, finemarks.
Otherwise 0

. Word Use:Correct use of words, grammar and spelling with 1
mark for 5-10 errors and O for more than 10 errors

. Content:This depends on the question. One way is to rapys
after a quick read. Decide on the lowest and highesk. Then
mark in detail.

One of the ways to be explicit about your expeatais to have well-
defined marking scheme. A good marking scheme hélp you make
your marking less subjective. Separate the commatinrt qualities from
spelling, grammar and word use. If the reader caterstand the writing
task, then the student should be given credits & iprinciple to mark
spelling, grammar and word use separately so tlatests will only
lose a proportion of their marks for language us®pposed to content
and communication. In a simplest form, marking gupfovides broad
outlines for success and allocates a range of niarlesach component.
A marking scheme is a model solution prepared leyagkaminer with
marks distributed across the different questionthentest. In objective
test, the marking scheme requires correct respoasdsall correct
responses carry equal marks despite the varyingedegf difficulty
associated with the different test items. Markimtpesne contains the
answer to the question prepared by the who sejukstion. Apart from
objective test that have equal mark, marks aregasdi to questions
depending on the level of cognition tested. Lowelegognition like
knowledge carries low mark while high level cogmitilike application
carries and so on carry high mark

In preparing a marking scheme rubic:

o Write a model answer for each question.

o Make each decision as straightforward as possible

. Aim to make your marking scheme usable by non-dgparthe
subject

o Aim to make it so that anyone can mark given answed agree

on the scores within a mark

Allow for consequential marks

Pilot your marking scheme by showing it to others
Look at what others have done in the past

Learn from your own mistakes
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Self-Assessment Exercise 2

Design a marking scheme for the mid-test for ydasx

3.3.3 Project Based Evaluation

The use of project-based assessment techniquesohéisued to grow
within education curriculum as resources and cotscepeyond
traditional testing applications are involved. Tdharan be extensive
value to the student’s overall learning processhwite addition of
project-based learning to supplement standard ccdurin materials.
Assessment that compile into project-based assedsere also a
technique option for educators looking to review #bility of students
to be creative, diverse and authentic with theiurse work and
experience gained throughout the time frame of thkass
(https://www.igi-global.com>). Project-based asseents are an
alternative to tests that allow students to engaile their learning in
more concrete ways. Instead of merely studying rthea hand-on
project asks students to apply what they have &shto an in-depth
exploration of a topic. Project-based assessmemi®pportunity to
utilize and measure the higher order thinking skalf students. This can
be a singular project at the end of a grading peooit can be done at
designed intervals throughout the marking peridee important thing is
to design the project to encompass the lesson ,pi@asher worksheets
and any additional teacher resources which willvighe a physical
example of what has been learned and what can pkedpby the
students. The criteria for project-based assesso@nbe as specific or
as generic as a teacher designates. Developingsubrdefine the class
structure and curriculum design can be an effeatieans of applying
project-based learning skills. Worksheet can helideg both the teacher
and students in assessing project. In project sissmd the teacher looks
out for the application of science skills, the extihe student used them
accurately to reach the end product. The key wordroject assessment
is accuracy. Students have to go through a sefidesagn activities and
generate design solutions based on the projectnrdion given to
them. Some areas for evaluation include contentengscollaboration
or participation and presentation style.

Samples of Project based Learning:

. Plant School Garden. A school garden is a fantagiportunity
for students of all ages to gain hands-on knowledgeut
growing food

. Pitch a business idea

o Film a Documentary
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Benefits of Project-Based Learning

Project-based learning enables students to leaplyland develop core
employability skills through participating in rea&ork projects and
experiences. It has benefits for students, edutaitistitutions and
industry. It is cost-effective and simple.

How to Evaluate a School Project?

Some areas of evaluation include content mastesitaboration or
participation and presentation or style. Additiomahsiderations may
include meeting deadlines or other elements speddi the topic
(www.nature.con).

Project Rubric

o State the project objective

Explain required content

Include state standards for the subject area
Review the rubric with the class

Portfolio rubric

Self-Assessment Exercise 3

What will you look out in project evaluation of dents’ project?

3.4 Summary

In this unit, you noticed that evaluation of teaxthilearning processes
is a continuous process and an integral part aicluom development
and classroom instruction. As a teacher, you neednderstand the
necessity of assessment of students learning oetcomnd its
importance in planning the life of the learnersu¥wve also learnt that:

. Test is the most reliable method for assessingy dadrners’
outcome

. Test is designed to measure the student’ levebghition.

. Marking scheme guides the teacher in scoring afesits’ test.

. Bloom Specification should be used to ensure treuetion of
all cognitive level.

. Students’ projects are evaluated.

. Test construction has a guiding principle

3.5 Glossary

. Bloom Specificationshould be used to ensure the evaluation of

all cognitive level
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o Project-based assessment@re an alternative to tests that allow
students to engage with their learning in more petecways.
o Rubric: means introduction
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3.7 Possible Answers to Self-Assessment Exercises

SAE 1

o Reliability: uniformity in measurement.

o Utility: must be cost and time effective.

o Consistency: free from extraneous source of errors

o Validity: how well a test measures what it suppoteetheasure.

SAE 2

An example of a marking scheme can go like this:

0 1 |2 | can understand what you

have written

0 1 The style is appropriate

0 1 |2 Your use of words, grammar

and spelling is correct

NOTES:

o Communication If you can understand what the student has
written, then they get full mark for this secti®@ome difficulty in
understanding 1. If you can only understand a#tezading many
times, then 0. Numbers understanding also scores 0.

o Style:If the student has used an appropriate style, finemarks.
Otherwise 0

. Word Use:Correct use of words, grammar and spelling with 1
mark for 5-10 errors and O for more than 10 errors

. Content:This depends on the question. One way is to rapys
after a quick read. Decide on the lowest and highesk. Then
mark in detail.

SAE 3

Some areas of evaluation include content mastesitaboration or
participation and presentation or style. Additiomahsiderations may
include meeting deadlines or other elements spdafthe topic.
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