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COURSE OUTLINE
Introduction:

Science, Technology and Society (STS) is a three-credit course. It is a core course for
all those offering Masters in Science Education M. Sc (Ed). The course consists of
twenty-six units’ approximately five modules. The course assists you in
understanding and interpreting the natural world as well as enhancing your effective
participation in any academic discourse on STS. It will also widen your knowledge
on some of the issues raised such that when you intend to teach them at any level of
our educational system they become easy. The course is spelt out under the following
headings: nature of STS, interaction of STS, biotechnology education, Science of the
millennium and environmental education.

What you will learn in this course.

The overall aim of the course in Science, Technology and Society is expose you to
the general socio-cultural impact of the products of science and technology on
humankind. The course is developed on the premise that the awareness of
technological development and its associated consequences are a must for every
citizen. The course will further inform you that technology ranges from material
fabrication, weaving, artifact, automobiles to the very floor you are standing on. For
those of you who have been reading wide and paying attention to issues around you,
you will accept that science does not only constitute the basis of our material comfort
but also a means of achieving technological development and economical survival.

It will help you to pay attention especially to what happens in the community that is,
the awareness of changes taking place and the challenges faced by individuals. Some
of the issues raised in the course will also assist you accepting that science and
technology is the prime mover of our society. Simply put, it is civilization. As more
discoveries are made in science, technological breakthroughs become apparent. The
society is the recipient of all the scientific and technology output. It is therefore
necessary to be aware of happenings around and the consequences of such
happenings on the quality our life.
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Aims of the Course.

This course aims at providing a detail explanation of science technology and society,
interrelatedness of the concepts, approaches to teaching STS, Science and technology
in African and modern societies, technology transfer, linking STS, biotechnology,
genetic engineering, modern information technologies, environmental education and
issues in science and technology

Course Objectives.

To achieve the aims of this course, the course sets overall objectives. In addition,
each unit also has specific objectives. The Unit objectives are always included at the
beginning of a unit, you should endeavour to read them before you start reading
through the unit. You may as well want to refer to them during your study of the unit
to check on your progress. You should always look at the unit objectives after
completing a unit. In this ways, you can be sure that you have done what was
required of you by the unit.

The wider objectives of the course as a whole are stated below. For you to say you
have achieved these objectives, you should have successfully achieved the aim of the
course. On successful completion of this course, you should be able to
Discuss how;-
(a) science has affected technology
(b) science has affected society
(c) technology has affected science
(d) technology has affected society
(e) society has affected technology
§)) society has affected science

y what constitutes science of the millennium and strategies for coping with them.

s how the environment has been affected by the activities of man.

ut the implications of technological advancements on the quality of life.

n how man has misused the knowledge of science and technology to his own detriment.

e the energy crises.

> the impact of various forms of environmental degradation on society.

Working through this Course.

To complete this course, you are required to read the study units which a times
include reading materials obtained from journals, articles, read set of recommended
books and other materials prescribed by your tutor. The articles are intended to serve
as a kind of lecture notes to introduce you to the topics being discussed in the units

NOUN 11
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covered. Where necessary the names of the authors and relevant references have been
included. Take time to go through each of them carefully. Each study unit contains
activities to enable you follow the trend of what you are reading and be sure you
understand it. There are Tutor-Marked-Assignments which you are expected to
complete and submit to your tutor for assessment. There will be a final examination
at the end of the course.

Assessment.

There are two aspects to the assessment of this course. First are the Tutor Marked
Assignments, second is a Written Examination. In doing the assignments, you are
expected to apply information, knowledge and technique gathered during the course.
The assignments must be submitted to your tutor for formal assessment in
accordance with the deadline agreed upon in the Assessment file.

The work you submit to your tutor for assessment will count for 50% of your total
course mark. At the end of the course, you will need to sit for final written
examination of three hours duration. This examination will also count for 50% of
your total course mark.

Tutor — Marked Assignments (TMA).

There are twenty-six marked assignments in this course. You are encouraged to
submit all the twenty-six except any counter directive from your tutor, in which the
best required number will be counted. Make sure that each assignment reaches your
tutor on or before the deadline given in the Assignment File. If for any reason you
cannot complete your work on time, contact your tutor before the assignment is due
to discuss the possibility of an extension. Extension will not be granted after the due
date unless there are exceptional circumstances.

Tutors and Tutorials.

There are 12 hours of tutorial; provided in support of this course. You will be
notified of the dates, times and location of these tutorials, together with the name and
phone number of your tutor, as soon as you are allocated a tutorial group. Your tutor
will mark and comment on your assignments, keep a close watch on your progress
and on any difficulties you might encounter and provide assignment to you during
the course. You must mail your TMASs to your tutor well before the due date (at least
two working days are required).They will be marked by your tutor and returned to
you as soon as possible.
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(a)
(b)

(©)
(d)
(e)
¢

(2
(h)
(i)
(k)

0
(m)

Do not refuse to contact your tutor by telephone, e-mail or direct discussion if you
need help. The following might be circumstances in which you would find help
necessary. Contact your tutor incase:

you do not understand any part of the study units or the assigned readings;

you have difficulty with self-tests or exercises;

you have a question or problem with an assignment with your tutor’s comments

on an assignment or with the grading of an assignment.

You should try your best to attend the tutorials. This is the only chance to have face
contact with you and to ask questions which are answered instantly. You are free to
raise any problem encountered in the course of your study. To maximize the benefit
from course tutorials, prepare question list before attending them. You will learn and
gain a lot from participating in discussions group actively.

Summary.

SED.722 intends to introduce you to Science, technology and society with particular
reference to the general socio-cultural impart of the products of science and
technology on humankind. Upon completing this course, you will be equipped with
the proper knowledge of technological development and its associated consequences
on living organisms and its environment. You as a science teacher will also be in a
better position to discuss and teach the students issues relating to how science,
technology and society affects each other, such that they will be aware of happenings
around and the consequences of such happenings on the quality of their life. You will
as well be able to answer these kinds of questions.

What is science, technology and society?

What is the justification for inclusion of STS in Secondary and Tertiary

Institutions’ Curricula?

What does the current Nigeria National Development Plan have for STS?

Mention the vital issues central to the teaching and learning of STS?

How does STS relate?

What are the attitudes a science teacher needs to develop to function effectively

in School?

Describe the educational objectives of biotechnology.

Discuss how genetic engineering works

Discuss the impact of research on space exploration

List the ecological education content.

List areas where people in your community have misused science and technology

knowledge

List alternative sources of energy

Discuss some of the challenges faced by developing nations.
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UNIT 1

NATURE OF SCIENCE, TECHNOLOGY AND SOCIETY

1.0

1.1

1.2

1.3

Introduction

You have read the course guide and the general introductions to this course.
In this unit, you will learn the meaning of science, technology and society.
The three areas will be treated as a single discipline. The discipline referred
to as science, technology and society (STS) is an integration of the three
areas. You will learn how science affects the society and how the society
affects science; how science affects technology and how technology affects
science; how society affects technology. The three areas put together will
lead us in this course, to study the quality of life. Quality of life depends on
our values. In this unit you will specifically learn the ideas and definitions
educators and scientists have about STS.

Objectives

When you finish the unit, you should be able to,

. Explain what STS is.
. Describe five features of STS.
Meaning of STS

STS is an abbreviation for Science, technology and society. STS is the new
concept in science teaching and learning. Yager (1992), states that STS is
recognized as a reform in science education across the world. Emphasis has
been shifted from Integrated Science to STS by UNESCO and other stake
holders in science education. STS provides a context for science study and
thereby becomes more appropriate for all learners. (Yager 1992).

The NSTA defines STS as the teaching and learning of science in the context
of human experience.

Activity 1.1: Define STS
Features of STS

NSTA has identified eleven features of STS programmes. These features
according to (Yager 1992) indicate the importance of instruction over
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curriculum and indicate how the context of human experience is attained.
STS programs are those which include:

* Students identification of problems with local interest and impact.

* The use of local resources (human and material) to locate information that
can be used in problem resolution.

* The active involvement of students in seeking information that can be
applied to solve real life problems.

* The extension of learning beyond the class period, the classroom, the
school.

* A focus upon the impact of science and technology on individual students

* A view that science content is more than concepts which exist for student
to master on tests.

* An emphasis upon career awareness especially careers related to science
and technology.

*  Opportunities for students to act in their communities as they attempt to
resolve issues they have identified.

* Identification of ways that science and technology are likely to impact on
the future.

* Some autonomy in the learning process (as individuals are identified and
considered).

* Yager states that STS is focusing upon current problems and issues and
attempts at their resolution as the best way of preparing students for
current and future citizenship roles. This according to him means
identifying local, regional, national and international problems with
students, planning for individual and group activities which address them.
Emphasis on STS is responsible decision making in the real world of the
student.

We can attempt defining each of the words. Science is the systematic study
of nature, both living and nonliving aspect of nature including natural
phenomena like thunder, weather etc. Technology is the organization of
knowledge for the achievement of practical purposes or a set of skills,
techniques or activities for shaping materials and fabricating objects for
practical ends. Society is the system of collective, cohabitation of groups of
individuals with mutual understanding, benefits and common goals.

The three, science, technology and society aim at increasing our ability to
comprehend and apply the concepts of scientific and technological systems.
STS can be therefore defined as the discipline that raises a generation of
citizens who understand the nature of things in the environment; a generation
of citizens who are aware of changes taking place around them; a generation
who can adjust to the changes in the environment; a generation who is
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14

1.5

1.6

1.7

equipped to deal with forces that influences the future, a generation who can
take her future in her own hands.

Science is dynamic, so is technology and society. As science and technology,
the society is affected both positively and negatively. The society becomes
complex in accepting and using new technologies.

Conclusion

STS is another way of saying” integrated science, technology and society.
Science educators have formed a discipline from the three. When we say
STS, we are talking about a discipline that embodies the relationship of
science and technology and how the two shape the society and vice-versa.

Summary

In this unit you have learnt

what science is

what technology is

what society is

what the abbreviation STS is

You have learnt the features of STS

Tutor — Marked Assignments

(1) Briefly explain the concepts of Science, Technology and Society
(i) In a tabular form differentiate among the three concepts.

Reference

Proceedings of International Organization of Science and
Technology Education
(10STE), 1989, 2000.

Proceedings of International Council of Association for Science
Education
(ICASE), 1992
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2.0

2.1

2.2

UNIT 2

TEACHING OF SCIENCE, TECHNOLOGY AND SOCIETY

Introduction

Science is a body of knowledge pursued by scientists. What the scientists do
is referred to as the process. Knowledge derived from science lead to
products, which are often referred to as technology, like in manufacturing.
All these take place in the society. Therefore science, technology and
society are intricately linked.

Objectives
When you finish this unit, you will be able to:

Define science, Technology and society
Differentiate among the nature of science of, nature of technology, and nature
of society.

Why STS?

Many students study science in individual compartments like Physics,
Chemistry and Biology, but they do not know their relevance in the
community and to their individual lives. STS cover every aspect of the pure
sciences.

Activity 2.1

(1)Identify chemistry, Biology, Physics in a simple process like
Photosynthesis.

(2)Trace energy flow to its source in a typical meal.
(3)What is the danger of having too many automobiles in a crowded

city?

When you finished writing your exams in Physics, Chemistry and Biology
you thought that was all there is to those subjects. Those subjects are part of
your life. An automobile is a product of Science, what you call technology.
We use cars and in the community (Society). It took a lot of Physics

NOUN
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2.2.

2.3.1

2.3.2

knowledge, Chemistry knowledge to manufacture a car. The smoke from a
car constitutes health hazard.
The chemist will tell you how carbon monoxide is hazardous to your health.
STS is a form of integrating knowledge from the various sciences. STS
takes you into consideration because you live in the society.

Nature of STS
Nature of Science

Science is believed to be a systematic study of nature. Those who study
science are called scientist. What is peculiar about scientist is that:

(1)They do not accept any information as fact until they gather evidences
and other scientist came up with this same finding, in this scientists are said
to be skeptical (Skepticism).

(2)They like to look into everything asking why and how questions
(curiosity).

(3)They work and keep on working at whatever they suspect will give then a
clue to what they are looking for (Perseverance/Persistence).

(4)They take things step by step and they aim at accuracy (Systematism). It
is very easy for them to discover things and even the unexpected because of
this alertness.

(5)They do not like to work in isolation, even if they do they show each
other what they have found (Cooperation).

(6)Scientists are objective, open-minded, honest, restrained, willing to
change opinion, they are critical minded, etc.

Because of these (the above attributes) of Scientists, science is said to
be dynamic, constantly moving, the knowledge changes. What you
know yesterday and today may not be an acceptable fact tomorrow
because a theory may have to change when new observations are
made. Science is therefore tentative.

Nature of Technology

Technology is the product of science. Technologists are scientists. Have you
seen a technologist who is not a scientist? Because of this connection,
technology can be said to dynamic and tentative. Do you agree with this
statement? It is true, that is why we have technological advancement. Think
of how much changes have taken place around you.

Activity 2.2
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233

24

2.5

2.6

2.7

List changes you consider technological that have taken place since you left
Primary School. (You may choose a particular example e.g. agriculture,
Medicine, Transport, even your home).

Nature of Society

The Sociologist will tell you that their main job is to study society. The
society is made up of community of people. Among these people are
scientists and technologists. What proceeds from the work of the scientists
and technologists are used up by the society. When for instance a plane is
developed by the scientist and technologist, the recipients (users) are the
people in the society. Society itself is not stagnant. Society is dynamic.
Look back to your village that you were growing up. It is possible that you
have electricity now, pipe borne water, road that connects your village to their
own etc. There are more plans to turn your village to a much better place
than what you currently have. It is like science and technology-dynamic and
tentative.

Activity 2.3
Discuss the effects of Science and Technology on Society.

Conclusion

Scientists and technologists abode in a community (society) they see the
need of the society. As one grows, the other grows. If one is stunted the
other will be stunted. Any factor that affects the society has effect on the
scientist and the technologist who are also part of the society.

Summary

In this unit you have learnt that within any society, there are scientists and
technologist. Anything that affects one affects the other. Science is dynamic
and tentative so also is technology and society.

Tutor—Marked Assignments

1. Discuss how the nature of Technology affects the nature of Society.
2. Describe the quality of a good Scientist

References

Proceedings of International Organization of Science and Technology
Education (IOSTE) 1989, 2000.

Proceedings of International Council of Association for Science Education
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(ICASE), 1992.
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3.0

UNIT 3

A JUSTIFICATION FOR THE INTEGRATION OF STS IN
THE PRE-COLLEGE SCIENCE CLASSROOM

Introduction

This Unit is designed in such a way that the reading material helps you to get
a grasp of the current thinking of practitioners on the subject. The objectives
listed under cover the Unit only. The reading material is set to develop your
reading skills and as well test your level of assimilation. So carefully go
through it.

3.1 Objectives

article?

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

Explain the four goals that science and technology education should
address.

List the attributes of a scientifically literate person.

Discuss the rationale for integrating science, technology and mathematics
in the precollege classroom.

Activity 3.1

Read the article with the following questions as guide:

1. Who is the author of the article?

2 What is the main issue presented by the article?

3. How has the issue been viewed before this time?

4 What is the author saying is the contemporary view of the

5. What is the author’s main contribution to the issue being
discussed?

6. List major differences before and now with respect to trends in
science education?

7. What are your own interpretations of what he/she is saying?

8. What are your own reservations?

9. Hazard a guess as to what you think of where we are going

with respect to this concept.



Note

After going through it, attempt to answer the questions raised in the
objectives for the unit. If you cannot do so effectively the first time, go
through the article again until you are able to do so comfortably.

A Justification for the Integration of STS in the Pre-college Science
Classroom.

Herbert K. Brunkhorst
Center for Science Education, Weber State College Ogden, Utah U.S.A.

A major challenge facing science educators today, especially pre-college
science teachers, is what has been referred to as the “essential tension
between science education for personal development and science education
for professional initiation” (Layton, 1982). Science education for professional
initiation is the prevalent view in the United States today. Many curriculum
decisions center on arguments about the balance of exposure to the various
disciplines of science. These arguments assume that there is a quantity of
exposure to science. Information that is important for all individuals who
aspire to a high school diploma, Unfortunately such an emphasis is only
appropriate for about 1.5% of high school graduates who go on to obtains
bachelor degrees in science or engineering. It follows that the other 98.5% of
students have not served well. Such a view of science limits its value and
importance as part of the schooling for all. It contributes to the creation of
erroneous view of the meaning, processes and values of science. Several
recent nation science foundation status studies (Helgeson, 1977;weiss, 1978;
Stake and Easley, 1978) and follow-up studies Harms and Vager, 1981) have
identified the major problem in science education to be its value in preparing
persons for further study in science. The national science for all students
Board commission of the national science foundation has included science for
all students as one of its basic needs (1983a). However, some people have
noted that the “need” of science for all students is superseded by the “need”
to produce more and better scientists and engineers.

The current “crisis in science education” in the United States has brought
about a renewed interest in science education. This renewed interest has
caused many state legislatures to demand more rigors and increase science
requirements. Though some of this attention is overdue; the result is forcing
more non-college bound students into academic subjects less valuable. These



students could benefit more from a practical curriculum emphasizing the
technology and societal implications of science. Lest we forget that we live in
a predominantly scientific and technological world made up of predominantly
nonscientific people, such a practical program could also benefit the college
bound student.

Project synthesis represented a major research effort funded by the National
Science Foundation to develop criteria for excellence in science education.
These criteria were used to determine discrepancies between the actual state
conditions revealed by the NSF status and other assessment efforts conducted
during the late 1970s. One of the more creative aspects of project synthesis
was the formulation of four justifications for school science. These four
clusters were identified by a national panel of experts as the proposal was
drafted and served as one of the primary organisers for the research effort.
The four goals clusters include:

Personal needs. Science education should prepare individuals to utilize
science for improving their own lives and for coping with an increasingly
technological world.

Societal issues. Science education should produce informed citizens prepared
to deal responsibly with science related societal issues.

Career Education/Awareness: Science education should give all students an
awareness of the nature and scope of a wide variety of science and technology
related careers open to students of varying aptitudes and interests.

Academic preparation: Science education should allow students who are
likely to pursue science academically as well as professionally to acquire the
academic knowledge appropriate for their needs. A review of the actual
condition revealed that most teachers and most existing programs included
objectives only in the area of academic preparation. In fact the researchers
involved in the project synthesis study reported academic preparation goals in
evidence 98% of the time in science classrooms. Currently most of the K 12
science curriculum in the United States does not concern itself with materials
or strategies to affect the daily lives of students to any great degree. The
content is not organized around nor does it even consider basic problems
related to the interactions of science, technology and society.

Miller and his colleagues at the University of Northern Illinois (Miller, 1980;
Voelker, 1982), have conducted extended research studies in the area of
science “attentiveness”. Science attentives are defined as persons who exhibit
interest in one area (in this case science/technology), demonstrate basic



knowledge, and can (on their own) pursue such interests and deepen their
knowledge. When the three criteria were used for both science and
technology, 90% of all high school graduates failed. The 10% who were
attentive to science, achieved these conditions in ways and means unrelated to
school science. These studies suggested that parents, and other nonschool
experiences; i.e. travel, television, and out-of- school activities were more
important in producing attentives than did school science.

Another area which has recently provided justification of a new rationale for
school science comes from the field of cognitive science. Klofer summarized
work focusing on the implications for classroom practice (Klopfer, 1984).
Generally the findings indicate that much of the science learned in school has
no real meaning for large numbers of students. Even college science majors
have misconceptions of basic science. The research indicates that students
learn primarily from experience and that the misconceptions they hold come
from their real world experience. When this world view is in conflict with the
science or textbooks or the classroom, the students either reject the school
science thereby doing poorly, or they play the school game and do rather well.
In any event, the students still retain their experiences based explanations.

Why the increased emphasis on science, technology and society at a time
when the political and business leader in the United states are recommending
a return to the days of rigorous fact oriented science course reminiscent of the
post- Sputnik era?. The reasons can be found in the growing feeling that
science and technology have become so pervasive in our society that virtually
all citizens must become scientifically and technology literate. The
interactions of science, technology and society have generated a nearly
paradox. Even though the issues have their origin in scientific knowledge and
technological achievements, the issues created by these advances in science
and technology can only be resolved by moral judgment and political choice.
Such a situation mandates an informed citizenry and suggests a pedagogical
shift for the pre-college science teachers.

What has been neglected in science teaching is the notion that most subject
areas can be taught on three levels; i.e. facts, concepts and values. The values
levels will provide the greatest relevancy to students because through values
science becomes aligned with social realities. Also facts and concepts take on
a new significance. Students suddenly find that they have a need to know!
They find knowledge is a critical component of thinking and though large
quantities of knowledge do not guarantee effective thinking, lack of
knowledge certainly prohibits it.



The National science Teachers’ Association in its position paper on science
for the 80s has asserted that the goal of science education during the 1980s is
to develop scientifically literate individuals who understand how science,
technology and society influence one another and who are able to use this
knowledge for their every day decision making. The scientifically literate
person has a substantial knowledge base of facts, concepts, conceptual
frameworks and process skills which enable him/her to continue to learn and
think logically. This literate individual both appreciates the values of science
and technology in society and understand the limitations of each (NSTA,
1982).

NSTA also has adopted a list of attribute for a scientifically literate person.
The list includes:

Uses science concepts, process skills and values in making responsible every
day decision;

Understanding how society influences science and technology as well as how
science and technology influences society;

Understands that society controls science and technology through the
allocation of resources;

Recognizes the limitations as well as the usefulness of science and
technology in advancing human welfare;

Knows the major concepts, hypotheses, and theories of science and is able to
use them,;

Appreciates science and technology for the intellectual stimulus they provide;

Understands that generation of scientific knowledge depends upon the inquiry
process and upon conceptual theories;

Distinguishes between scientific evidence and personal opinion;

Recognizes the origin of science and understands that scientific knowledge is
tentative and subject to change as evidence accumulates;

Understand the applications of technology and the decision entailed in the use
of technology;

Has sufficient knowledge and experience to appreciate the worthiness of
research and technology development;

Has a richer and more exciting view of the world as the result of science
education; and

Knows reliable sources of scientific and technological information and uses
these sources in the process of decision making

Unfortunately, there is no evidences from any of the national science
Foundation status to show that any existing science course contribute
positively to the development of persons with such traits.



A model for school science programs which might contribute positively to
the development of attributes describing a scientifically literate person was
adopted unanimously by the expert curriculum task force assembled by the
National Science Board Commission (NSF, 1983b). The NSB Task force
identified a science technology society focus as a central theme and
recommended the following structure for school science:

K -grade 6. An integrated, hands on approach is needed to focus on the
relationships between humans and the total environment. Problem solving
must be emphasized, including the acquisition and analysis of data.

Grades 7 & 8 There should be two primary emphases:

(1) on human science, including human biology and personal health; and

(2) on development of quantitative skills in science. Computer based
experiences should be used appropriately to assist in developing
quantitative skills that will be needed for more complex. Applied
problem solving in grades 9 - 10 skill in quantitative analysis of data,
application of probability, and estimating skills are examples.

Grades 9 & 10 A two year sequence, required for all students to
address science, technology and scientific reasoning, applied to real
world problems. It should integrate knowledge and methods from
physics, biology, earth science, and chemical, as well as applied
mathematics. The rationale for this sequence is that students need to
have certain developmental tasks required in this course. It is a much
higher level course than is generally recognized as “general science”
for non science students.

Grades 11 & 12 One one two B semester course in physics, biology,
chemistry, and earth science should be available for students who
wish to go on to further academic study in science related course and
should not replicate college level course. They build on and assume as
prerequisites the skills and knowledge in the various science
disciplines that students acquire in the science, technology, society
course in grades 9 & 10. A third S/T/S course should be available
(and required) for the non collage students.

The connecting links, the rationale, and objectives of this model
program coincide exactly with the goal clusters mentioned in Project
Synthesis.



Emphasizing a science, technology and society approach in the
precollege science curriculum demonstrates to students how social
and political climates often determine what scientific activity is
valued or ignored and what questions are chosen to be studied. Such
an exposure helps students to become aware of the limitations of
science while also receiving a more realistic view of the scientific
enterprise. Students also gain an awareness and sensitivity to morally
relevant facts arising from the interaction of science, technology and
society. Exposure to ethical arguments stretches the student’s
perceptions and perspectives. Such dilemmas encourage the student
to carefully examine his/her own values and begin to examine them
from another’s point of view. With an emphasis on ethical reasoning
and the process of valuing, students establish a body of knowledge so
that opinions are not based on ignorance. They become better
equipped to think and choose alternatives while gaining some
appreciation how entwined facts and values can become.

Students become more tolerant. They see gaps in information,
assumptions that cannot be proved or disproved, and realize that more
knowledge does not always lead to greater understanding. The types
of questions found in the interactions of science, technology and
society often have concepts not completely understood, variables too
difficult to control and data too ambiguous to interpret. Probably the
greatest benefit of such frustration is that it allows rational people to
disagree and respect each other’s right to rationally come up with
different conclusions. With a greater emphasis on critical thinking,
relevant independent thinking required to deal with the complex
problems inherent in the interactions of science, technology and
society.

3.2 Tutor-Marked Assignments
(1) Compare the justification for integration of science, technology
and mathematics in the precollege classroom in U.S.A with

that of Nigeria.

(i1)) Discuss the attributes of a Scientifically Literate person as
adopted by NSTA.
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UNIT 4

NIGERIAN NATIONAL DEVELOPMENT GOALS

FOR STS

Introduction

To study Nigerian national Development Goals for STS, you should
be able to lay your hands on some of the documents on National
Development Plans and bring out the goals for STS. This unit will
expose you to the first four plans. Since independence Nigeria has
been involved in planning for the development of the country and its
citizens. The first plan started in 1962 to 1968, the second from
1970-1974. Third from 1975- 1980 and fourth from 1981-1985. All
these plans were initiated by the National Economic Council.

Objectives

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

* Evaluate the goals of STS in Nigeria over time.

* Criticise the goals of STS in each of the plans.

* Access the extent of implementation of these plans.

First Plan which lasted from 1962 — 1968

The Objectives of the First Development plan was to achieve and
maintain the highest possible rate of increase in the standard of living
and the creation of the necessary condition to this end. This included
public support and awareness of both the potentials that exist and the
sacrifices that will be required.

The designers of the plan made conscious effort to set and quantify
the national objectives as well as ensure a common national planning
framework. They aimed at a target saving of about fifteen percent of
the Gross Domestic Product (GDP) by 1985, which was an annual
investment of 15% of the GDP during the period. The highest
priorities were accorded to agriculture, industry and the training of
high and intermediate manpower.
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The first year of the plan was essentially a period of preparation:
detailed costing designing and planning of projects and similar
preparatory work. Agriculture still occupied a dominant position in
the economy accounting for about 65% of the GDP. The fastest
growing sector of the economy was mining.

Projects successfully completed were:

The oil refinery, Nigerian Security Printing and minting company,
Paper mill, Sugar mill, The Niger dam, The Niger Bridge, Some
Trunk roads, Port Extension, The First National Development plan
was to judge to be successful. In the field of Insurance the plan
established the Nigerian Insurance Company, Various Chambers of
Commerce, the Lagos Stock Exchange and the Nigerian Institute of
Management.

Activity 4:1
What is National Development Plan?

Second Plan

The second National Development which lasted from 1970 to 1974
was the first in the series of plans and programmes of action to help
achieve the agreed national objectives and priorities. The five
principal national objectives were to establish Nigeria family as:

a united, strong and self reliant nation

a great and dynamic economy

a just and egalitarian society

a land of bright and full of opportunities for all the citizens and

a free and democratic society.

The background issues in the country and the character of the civil
war had demonstrated the necessity that Nigerian must remain a
united nation. The defense and security of the state was geared to the
objectives of national unity and the evolution of a well integrated
national community.

The pursuit of a strong and united nation as a fundamental social aim
prevented the exploitation of any ethnic group, class and similar
sentiments. Nigeria cannot be truly strong and united without a
prosperous economic base. Therefore, it pursued relentlessly the task
of development to make the economy strong, dynamic and responsive
to the challenge of world competition.



The country was fortunate to have resource potential, so it directed its
energy towards the achievement of the most rapid rate of economic
development feasible as a means of raising the quality of life of the
people. Emphasis was placed on growth as a precondition for a
meaningful distribution of the fruit.

A just and egalitarian society put a premium on reducing inequalities
in inter-personal incomes and promoting balanced development
among the various communities so the ultimate goal of economic
development was the welfare of the individual. He should be able to
have equal access to all facilities and the opportunities which could
help him realize his potential and develop to full personality.

It was the primary objective of this policy to promote and maintain at
all times the unity and interdependence of the national economy.
There was also the harmonization and effective co-ordination of all
the policy measures by all decision makers for consistency, clarity and
workability. The volume of resources which can be raised by a
community is a function of what the proceeds are used for as well as
how they are used, so the goal was on how the country, can raise
funds. The plan also dealt with honest and dedicated leadership
which could go very far in stimulating a greater sense of sacrifice in a
community and thereby sustain a successful self-reliant economy.
Government also regulated the use of major national resources like
land, mineral resources for the benefit of the community at large as
well as control the essential and growth sensitive sectors of the
country in the field of commerce, industry, fuel and energy,
construction, transport, finance and education. An important element
of social justice for nation was a worthy objective of balanced
development as between different Geographical areas of the country.
The objective was to move rapidly to the achievement of a minimum
economic and social standard for every part of the country.

Full employment of resources, especially of the labour force was a
necessary policy objective for an economy dedicated to rapid growth
and social harmony. Government created on a continuing basis the
appropriate social-economic environment for maximum utilization of
productive factors.

Development Priorities.

The highest orders of national priorities were accorded to agriculture,
industry, transportation and manpower development. Government
allocated a great part of the resources to these sectors of the economy
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state

in order to generate the necessary impetus for growth. In the second
order of priority rating were social services and utilities such as
electricity, communication and water supplies. Except for Defence
and security which were in a class by themselves, the order service
was in the third order of priority. The national scale of priorities was
duly adjusted at the state level to accommodate differences in the
stages of development and in the varying ecological and social
conditions. Thus manpower development in one part of the country
entailed the rapid extension of primary schools, while in another, it
meant concentration on technical and secondary education and yet in
another it meant rationalization of University education. Objective
here was to upgrade the level of available manpower for full
employment. These were the priorities of the National Development
Plan:

The reconstruction of facilities which have been damaged by the act

war.
The rehabilitation and resettlement of persons displaced by war

The rehabilitation and resettlement of demobilized Armed Forces
Personnel.

The establishment of an efficient administrative service in the new

The correction of defective existing public policies in the area of
economic development.

The achievement of a rate of growth per capita out put sufficiently
high to bring about a doubling of real income per head before 1985.
The deliberate creation of opportunities for gainful occupation.

The production of high-level and intermediate level manpower

The progressive improvement of knowledge about the economy’s
resource development.

The promotion of balanced development between one part of the
country and another especially between urban and rural.

The rapid improvement in the level and quality of social services
provided for the welfare of the people. On the field of education the
goal was the restoration of facilities and services damaged or
disrupted by the civil war. Another was the development and
expansion of education at all levels in order to achieve higher
enrolment ratios as well as improve quality at these levels while at the
same time, reducing the educational gap in the country. The
Objectives were:
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Formulation of measures to restore and reactivate educational
facilities and services disrupted by the war.
Continued expansion and development of primary education
Development and expansion of secondary education.
Continued development and expansion of technical education.
Expansion of teacher’s training programme.
Development of Universities.
Financial assistance to students.
Further development and expansion of Adult Education Support for
research programme in the field of education.

Activity 4: 2
How is the National Development Plan related to National Goals?

Third Plan

In the third National Development Plan of 1975 1980 the specific
short term objectives aimed at facilitating the ultimate realization
were as follows:

Increase in per Capita income

More even distribution of income

Reduction in the level of employment

Increase in the supply of high level manpower.

Diversification of the economy

Balanced development

Indigenisation of economic activity.

The primary goal was to achieve a rapid increase in the standard of
living of the average Nigerian. It was the plans objective to raise the
GDP of Nigerians by 90% Per annum in real terms. An important
objective was to spread the benefits of economic development so that
the average Nigerian would experience a marked improvement in his
standard of living. A major effort was made to ensure that the
problem of unemployment was brought under control.

The third plan included programmes and projects aimed at ensuring
an adequate supply of all categories of manpower required for
sustained economic growth. Adequate provision was made for
training in all sectors of the economy. The industrial sector of the
economy was diversified through the implementation of a wide range
of building materials, agro-allied, petrochemical and other industrial
projects. The plan was structured to generate growth simultaneously
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in all geographical areas of the country. The plan also checked Rural
Urban migration by promoting the development of the rural areas.

Nigerians were encouraged to participate in domestic trade, industry
and other economic activities by the Nigerian Enterprises Promotion
Decree of 1972. While foreign enterprises continued, the policy was
directed at ensuring that Nigerians entrepreneurship was present and
dominant in all sectors of the economy. Priorities were also given to
projects that directly benefit the rural population. Due to the
importance given to the oil sector government revenue increased.
This gave rise to more foreign exchange for the country.

With respect to income distribution, the plan adopted that the public
sector subsidized facilities for the poorer sections of the populations.
These include electrification, water supply, health services, housing.
As a necessary step towards the longer term objectives of ensuring
that all Nigerians have equal opportunities to participate fully in the
national development, the universal free primary education was
introduced during the plan.

Some employment oriented projects were articulated and included in
the plan. The bulk of the plan was made up of construction projects
of one type or another which absorbed a large number of labour
during implementation. The plan gave special attention to vocational
training of various types so as to ensure that new entrants into the
market have skills.

Large programme of expansion of secondary, technical and university
education were included, aimed at overcoming the shortage of high
level manpower. Training provisions were made in all sectors.

Activity 4:3
What are the priorities of the third plan?

Fourth Plan

The fourth National Development plan 1981-1985 marked the
beginning of the third decade of Nigeria’s existence as an independent
nation. The overriding goal in this plan was to bring about of an
improvement in the living condition of the people. The main goals
were as follows:

Increase in the real income of the average citizen.

More distribution of income among individual and socio-economic



groups

Reduction in the level of Unemployment and Under-employment
Increase in the supply of skilled manpower

Balanced development

Increased participation by citizens in the ownership and management
of productive enterprises.

Greater self-reliance
Development of technology
Increased productivity

The promotion of a new national orientation conductive to greater
discipline, better attitude to work and cleaner environment.

Agricultural production and processing was given the highest priority.
A rapid growth in agricultural production was indeed an essential
component of the strategy of self-reliance which was a major
objective of the plan. The next priority was education and manpower
development. It was well known that shortage of skilled manpower
constituted the most serious bottleneck to the capacity of the economy
to absorb the increasing volume of investment made possible by the
oil revenues.

The next goal was the strengthening of the economic infrastructures
particularly power, water supply and telecommunications. The
expansion of these facilities was accompanied by increased emphasis
on maintenance. In land transportation emphasis was on the railways.
They planned to construct new standard gauge line during this period.
The development of water transportation received increased attention.
In the road sub-sector there was proper maintenance and development
of secondary and tertiary roads.

Housing and health was given the next priority. Manufacturing
received more emphasis and the Government pursued the
implementation of the major industrial projects such as steel and
petrochemicals. It also encouraged the private sector to invest more
in manufacturing through appropriate incentives. Because of the
presence of crude oil as the main source of government revenue. The
basic strategy was that of using the money to ensure an all-round
expansion in the productive capacity of the economy.

The use of domestic resources, both human and material in the
planning and execution of projects were encouraged. The growth of



indigenous contracting capacity was also encouraged with respect to
civil engineering construction.

In the area of infrastructure the plan emphasized on consolidation and
maintenance of existing facilities so as to prevent the gain of the
previous plan being lost through rapid deterioration.

Adequate attention was also given to the training of skilled manpower
required to undertake the necessary maintenance. Efforts were also
made to diversify the economy away from the overdependence on oil.
Plans were made to look into the export potentials of existing
industries such as textile, tyres, coal, pulp and paper. The traditional
export crops like cocoa, groundnut, palm-produce, rubber etc. were
actively exploited.

In the field of Education the goals were based on the broad objectives
and policies of the national policy on Education. The policy
recommended the re-organization of the primary school curriculum in
line with the objective of a broad based education. The proposed
curriculum made adequate provision for agriculture, home economic
and health education.

Secondary School was divided into two phases, (1) junior secondary
(i1) senior secondary. The new system shifted emphasis toward pre-
vocational and vocational training. In technical education more
technical colleges and vocational training schools were built, for the
training of craftsmen, artisans and technicians. It also planned to
provide one technical college and one polytechnic in each state.

Emphasis was also placed on the expansion of the number of qualified
teachers. In the field of higher Education emphasis was on
developing post-graduate facilities and new universities to be built
with emphasis on technological disciplines. In the field of Adult and
Non-formal Education more facilities were provided for improving In-
service courses for teachers to prepare them for adult education.

In special education more educational institution for handicapped
children were provided and efforts were made to train more teachers.
The educational services were to bring quality to education by
establishment of relevant curricula, providing locally produced
textbook and producing school science apparatus locally.

Activity 4:4
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List the sectors in their order of priority as reflected in the fourth

Conclusion

From the various development goals in Nigeria since independence
you will notice the overriding aim has been to bring about an
improvement in the living condition of our people and all the major
objectives are woven around this goal. The changes you have noticed
and have taken place from one plan period to another have been
largely the result of experience gained in the implementation of
successive plans.

Summary

Among the things you have learned in this unit are: objectives of the
First to Fourth National Development Plan in Nigeria and
programmes of action of the Federal Government. The priorities of

the Federal Government for the periods which the National
Development Plans covered.

Tutor-Marked Assignments

* describe the major programmes of events in each of the National
Development Plan

* briefly access the extent of implementation of the fourth National
Development Plan.
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UNIT 5

CHANGING SCIENCE EDUCATION: STS IN THE

CLASSROOM

Introduction

This section is addressed to the teachers who want to bring about
change to STS in their school or classroom. The move from teaching
‘valid’ science, of the type which lives in a world of its own on the
text-book page, to teaching STS, where the science is relevant to the
student and includes technological response to individual needs and
cultural values, is a big step. Somewhere along the line there has to
be a teacher who has seen the world of science and learning through
new eyes.

Objectives

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

* Identify the new approaches to teaching science.

* Discuss some vital issues central to the teaching and learning of
STS.

* Contribute to the diverse opinion teachers hold about the teaching
and learning of STS.

Activity 5:1
Read the article with the following questions as guide:

Who is the author of the article?

What is the main issue presented by the article?

How has the issue been viewed before this time?

What is the author saying is the contemporary view of the

el

5. What is the author’s main contribution to the issue being
discussed?

6. List major differences before and now with respect to trends in
science education?

7. What are your own interpretations of what he/she is saying?

8. What are your own reservations?



9. Provide a guess as to what you think of where we are going
with respect to this concept.

After going through it, attempt to answer the questions raised in the
objectives for the unit. If you cannot do so effectively the first time,
go through the article again until you are able to do so comfortably.

Changing Science Education: STS in the Classroom
Professional Action

It is the teacher with a new idea about what science education should
be about who makes the real difference to how children learn science.
One reason for this is that the decision to change is not brought about
only by a taste for something new, but also by an active dissatisfaction
with the present teaching and learning situation.

Choosing whether or not to teach STS might appear to be either a
matter of curriculum choice, or of teaching strategy. In reality the
choice is more profound than either. It concerns teachers’ basic
professional intentions and attitudes. The decision may also bring to
the surface, and challenge, some well-established attitudes towards
science itself which teachers may have picked up during their own
school or college education. As young science students did they think
of ‘the scientific method’ as the hallmark of truth? Was it just for
trained scientists? In STS the domain of science and technology is the
domain of all human society, not just of a few enthusiasts.

Freedom of teacher choice has always had its opponents. It is only a
school science department that has discussed and decided upon its
aims and intentions which is able to explain to parents and others the
how and the why of the particular course of science which they would
like to teach.

Teaching Strategies

Some suggestions for teaching methods are suggested by
consideration of the educational themes for STS, which are:
responsibility and concern for outcomes, environmental threats to the
quality of life, economic and industrial aspects of technology, the
fallible nature of scientific theories, the multicultural dimensions of
science and technology, and opinions on politically controversial
issues.



It is beyond the scope of this essay to discuss all possible teaching
methods. Indeed this is a subject on which experienced teachers
would largely be able to make their own informed judgments.

Talking about Experiments

The usual good classroom practice includes interesting practical work
to be done in small groups who discuss their plans for doing the
experiment and their interpretation of the results (see part 3). This
makes a suitable start for the second theme, so long as the follow-up
emphasises the imaginative ‘modelling” which generates the
theory/explanation. This needs to be consistently taught.

Using Television

Both the last two themes will profit from the use of television
excerpts in the classroom before the relevant science is taught. The
scene needs to be set outside the classroom. For consideration of
science and technology in other cultures some cross-disciplinary work
with the geography department within the school has often proved
successful.

Group Discussions

If the issue is contentious, as in the last case, most teachers will want
to encourage the students to think out their own views. Sometimes
this is done after the relevant science has been taught, sometimes, it
leads the curricular work to emphasise its importance and provide
more incentive to learn. In either case it has implications for a new
kind of classroom strategy.

There has been a fairly long tradition of classroom ‘discussion’ of
controversial issues in the humanities and in social studies, where it
may be used as an occasion for teaching the skills of debate or oracy.
This had two dimensions. First it was considered to be important for
students to be able to express themselves, and secondly to be able to
marshal evidence in an even-handed way. Making personal value
positions explicit was not part of this program, as it must be for
serious STS work.

The promotion of more genuine discussion did not become an issue
until the 1960s. This was designed to go beyond the closed agenda of
weighing up the evidence from both sides of the case and coming to



the supposedly ‘logical’ conclusion. For the first it was accepted that
value judgments were not only acceptable but might even transcend
the paper data. It followed from this that the resulting decision
making was itself a fallible process: there would be no ‘right answer’.
The objectives were to let the students work out their own positions.

That posed another problem what was the teacher’s role during the
discussion? She or he could no longer direct the discussion towards
some ‘uniquely correct’ result, and it began to seem very important
that the teachers did not try to intrude their own values. In such
personal matters there should be absolutely no indoctrination. Out of
this debate was born the notion of the ‘neutral chairman’. The
teachers could certainly run these new types of discussion, but they
should take care to give no inkling of where their own opinions lay.
This proved very difficult. In STS, or any other course devoted to the
notion of encouraging concerned citizenship, it was particularly hard
and, in some sense, quite self-defeating. If the implicit message was
that adults should become involved in civic issues then it was surely
odd to find that the very teacher who had transmitted the message was
pretending not to abide by it.

Being a ‘balanced chair person’ or a ‘devil’s advocate’ was not much
better. There are certainly some occasions when either one or the
other has its merits. Teachers who tried to introduce appropriate
strategies for discussion learnt the hard way that large class groups
were not able to ‘discuss’ in any meaningful way, and that small
friendship groups of students felt more free to talk about social issues
without the direct participation of the teacher. This meant that the
students had to arrange, lead, and report on their discussions for
themselves. Each group thus became a symbol of free speech within a
democratic society, listening to each other and reporting any
agreements reached. It was an important landmark for the classroom,
and for STS.

DARTS and role-play

Special teaching activities may be needed whenever the students are
being asked to extract information from some ‘text’ (this applies to
posters, videos and cartoons as well as the more normal written
passage). No experienced teacher needs to be told that students do not
just sit quietly reading and absorbing information. Probably the best
way to proceed is to provide an activity which makes them search the
text in some interesting way. These sort of activities are sometimes



called DARTSs Directed Activities Related to Text (Davies & Greene
1984). They include making posters, writing newspaper headlines
(very useful for local STS issues), sequencing cards (for historical
work), and carrying out role-play (where social responsibility is being
emphasised).

It may be worth pointing out that the students need to be protected
from any simple form of copying. ‘Write in your words’ from a
written text is no more interesting than ‘draw a comic strip’ from an
information source which is already visual, such as a cartoon video.

Successful role-play requires information briefs for the preparation
stage, but not completes scripts. Acting to prepared scripts allows for
none of the personal empathic reaction that is the main purpose of
role-play for STS. It may be valuable to let a small group of students
(two or three) discuss the character brief together, with some
questions which will help them get into role. (‘Jabs for James Phipps’
in exploring the Nature of Science (Solomon 1991) give an example
of this method).

The words ‘role-play’” and ‘simulation’ have been used
interchangeably in a lot of writing about classroom strategies, but they
are not the same. The purpose of mechanisms of management,
planning and decision making will be understood. It is especially
useful for learning about

Industrial Decision Making and Public Inquiries.

In role-play, on the other hand, students take on parts and act them out
in order to hand, students take on parts and act them out in order to
feel their way into the likely reactions of the characters, as they
perceive them. Although 13 year olds are unlikely to make a
convincing job of acting out the part of a company director, they are
much more able to throw themselves into the role of a child living
near some environmental hazard. In role-play the students' power to
bring characters to life extends their sympathy and sense of
responsibility.

Industrial Simulation
There are quite a few of these on the market, but they need to be

chosen carefully. The ‘agenda for controversy is already written into
the materials in most cases. That does not mean that the resources are



without use, for their purpose is probably to show students something
of the complexity of industrial and economic decision making. This
is not a world which our school students have already entered, nor, by
the nature of industrial management, is it likely that many ever will.
However, it is important, at least for our older students, that they get
an opportunity to hear about it so that they do not always cast industry
into the villain’s role in pollution and other issues



Teaching simulation requires familiarity with the process. It is
almost impossible to carry out an industrial simulation without the
help of an industrial sponsor. This is clearly a strategy, which
requires careful organisation. Those who fear that this may lead to a
one-side presentation might reflect that the opposing interest
(probably an environment group) have a case which is less in need of
simulation to make its managerial structure comprehensible.
Obviously it is essential to ensure that all sides of any controversial
issue are given ‘equal time’. Controversy between different groups in
society is treated by different methods from industrial awareness
because its objectives are basically different, even if their content does
overlap.

Philosophies of STS

Different teachers will be bound to approach the teaching of STS in
slightly different ways. Enough has been written in this essay to show
that STS does have a number of deep themes in its approach. Some
teachers have summed up all of these, to their own satisfaction, in the
simple phrase ‘Science is about people’. In every one of the themes in
STS this can be illustrated. However, it is probably a mistake to
allow such a short slogan to be one’ only guide.

At the other extreme are those teachers who confine STS to the
‘extras’ category. First learn the science, they say, then add on the
social dimensions. This approach is almost always doomed to failure
because such attitudes are immediately recognised by the students,
who then pick up the same dismissive attitude. However, a teacher
who is new to STS may well want to begin in a small way, using one
piece of resource material, and then pause before starting another.
Most who have begun in this way have grown more enthusiastic.

This essay began with some examples from the history of science in
society because STS is about the nature of science itself. It describes
how society fashions its science and its technology. That alone would
constitute an incontrovertible reason for teaching science in the STS
way. It is simply more correct in its description of science and
technology. But it is also true that the ‘people-aspect’ of science and
technology which STS teaching stresses is both popular with students
and valuable in terms of their general education. Finally it is the
content of STS courses, the important issues and the concerns these
raise, which commend it for all our future citizens.



Activity 5.2

5.2

Which approach (or approaches) in STS education do you feel
most comfortable with? Why?

What is your rationale for advocating a particular approach to
STS education? (Remember to take into account your local
school and community context).

Tutor-Marked Assignments

Write a concise abstract for the article.

b. Reflect on your educational practice. In what
way are you dissatisfied with the present teaching/learning
situation?

c. Identify and describe which of the teaching
methods you will recommend for teaching of science at
primary and secondary levels of education.
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UNIT 6

INTERACTION OF SCIENCE, TECHNOLOGY
AND SOCIETY (60)

Introduction

In developed nations, the benefits of science and technology in
solving practical problems have become so necessary that they have
made science, technology and society an interrelated discipline. STS
is introduced into the curriculum as a single subject that caters for
four areas of knowledge: the cultural and human context, solution of
practical problems (at times problems created by S&T), scientific
knowledge and science for personal development (because science is
seen as part of our every day life).

Objectives

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

* Relate science, technology and society.

* Discuss how concepts can be taught in an STS pattern.

Activity 6:1

Read the article with the following questions as guide:

1. Who is the author of the article?

2 What is the main issue presented by the article?

3. How has the issue been viewed before this time?

4 What is the author saying is the contemporary view of the

5. What is the author’s main contribution to the issue being
discussed?

6. List major differences before and now with respect to trends in
science education?

7. What are your own interpretations of what he/she is saying?

8. What are your own reservations?

9. Provide a guess as to what you think of where we are going

with respect to this concept.



After going through it, attempt to answer the questions raised in the
objectives for the unit. If you cannot do so effectively the first time,
go through the article again until you are able to do so comfortably.

Linking Science, Technology and Society

Geoffrey R. Trebilco
Rusden Campus
Australia

In recent years the interrelationship of science, technology and society
(STS) has become a key component of science curricula. As an
example, the science guideline in Victoria, Australia of the Ministry
of Education (1987) states the following goal:
“Scientific knowledge, the solution of practical
problems, the cultural and human contexts of
science ~and  opportunities  for  personal
developments are four aspects of science. They
should be given similar emphasis at all levels of
school and should be integrated in their
presentation”.

Similar quotes can be found in many other curriculum statements in a
range of countries. Frequently the addition of STS components is
taken to mean that following the study of some set of key concepts
some everyday examples are reviewed. The injection of STS
components into a science programme can occur in several ways
including the use of a discussion of a new piece of technology to start
a unit. An examination of the technological uses of some aspects of
science at the conclusion of the unit and a concurrent study of STS
and science aspects throughout the unit. Frequently STS components
are poorly linked with their supporting science concepts and as a
consequence students are less likely to interrelate the two sets of
concepts and/or use the ideas to solve problems in two settings.

In a recent senior examination, physical science students were asked
to describe the steps a factory engineer could take to reduce power
loss in a given system. The system comprised water driven alternator,
several kilometres of power lines, a transformer and low voltage
cables leading to the factory. Students had completed the theory
relating to transformers and the advantages of high voltage
transmission. They had also studied the power grids of the local



electrical authority as an example use of the “science”. Many of the

answers suggested that links were not made between theory and

technology and that most of the students could not transfer their

knowledge to the new situation. Example of some of the answers

included:

= Power loss would be minimised if the alternator was removed
from the system.

» Power loss is equal to V?/R so in order to reduce power loss,
voltage should be kept at a minimum. But in order to keep power
at a constant rate the current should be maximised, i.e. P=VIif V
is a minimum then I should be at a maximum. Transmission
voltage should be low but because the power loss is also = 'R
then the current cannot be too large and the resistance must be of
an appropriate value in the transmission lines.

= With respect to the power lines, the best thing that the engineer
could hope for would be the introduction of super conductors.

= To reduce the loss, thicker wires could be used. This allows a
greater current to be placed through the wire. Less transformer
stations could be placed in between to reduce the loss. Another
way of avoiding loss is by insulating the wires.

Clearly educators and curriculum developers must look closely at how
STS issues and concepts are taught if improvements are to be made to
the students’ science learning and/or their ability to translate this
learning into real life situations.

This paper will describe the approach taken by Victoria College
Centre for Studies in the curriculum (VCSC) and the Southern Eastern
Co-ordinated Area Programme (SECAP) in developing an STS
resource kit in the area of fibre optics. The VCSC was established at
the Rusden Campus of Victoria College as a result of the interest and
involvement of staff in various curriculum activities including
materials development. SECAP is a State Government initiative that
fosters and co-ordinates co-operation between schools, higher
education and local industries in the area of science, mathematics and
technology education. SECAP is based in the Rusden Campus and is
a joint venture between Victoria College, Monash University and
local schools and industries.



In an earlier paper (Treblico 1987) the VCSC approach to developing

learning material was described. The general principles given in this

paper were followed in preparing the Fibre Optics Kit, however four
additional principles were seen as being important. These were:

* Linkages between concepts and examples cannot be assumed to
happen and must be built into the learning activities.

* Students must interact with the curriculum materials including
worksheets, videos and experiments if learning is to occur.

* Many students have difficulty in interpreting diagrams and in
moving from 2D to 3D conceptualisations. Practice in this skill
needs to be included if students are to make sense of available
print-based resources.

* Most students need opportunities to verbalise the concepts they
are learning if effective links are to be made between known
concepts and new material.

Gagne (1970) proposed the need to have concepts taught via a
hierarchical approach and there have been many science based
research studies that have confirmed his ideas including a study by
Beeson (1977) involving electrical concepts.

Piaget’s theories concerning the learning of concepts and the
development of reasoning skills conceive of their acquisition via a
maturation process and a series of developmental stages. As students
mature they move from minimal reasoning skills to an ability to learn
more abstract and/or complex concepts. Subsequent research, such as
that discussed by Donaldson (Donaldson 1978) has suggested that the
acquisition of language skills is a key factor in student development
and their ability to deal with abstract relationships. Piaget’s ideas
strongly support the notion that students learn more effectively when
they are actively interacting with the learning materials.

Recent studies by Osborne (Osborne and Freyberg, 1985) have shown
that children relate, or try to relate new concepts or ideas to their
previous learning. The generative model of learning, arising out of
these studies states that new ideas in short term memory are
interpreted by ideas already held in long term memory.

They suggest a multi phase teaching model in which students interact
with the learning materials. In these phases’ students, via activities,
focus on old concepts, solve problems involving new ideas and
repeatedly reinforce new concepts via interaction with the learning
materials. In the light of these theories and their implications for



learning concepts the following principles guided the writing of
activities for the Fibre Optics Kit:

Careful thought needs to be given to ensure that the order in which
concepts are introduced follows a logical sequence so that for
example reflection at a mirror surface precedes reflection/refraction at
a media interface and this precedes total internal reflection which in
turn precedes reflection inside a fibre.

Students are introduced to concepts using ‘“concrete/hands on”
experiences so that experiments involving reflection/refraction in
simple systems 1is studied before tackling the more complex
reflections that take place in fibres.

Throughout the activities students need to be given opportunities to
explain concepts in their own words with explanation moving from
simple to more complex situations.

Where the Fibre Optics Kit utilises existing materials such as videos
and information packages, worksheets need to be developed that use
these materials in a way that requires students to process and interact
with the materials.

A recent article by Lowe (1989) highlighted the role of illustrations
and diagrams in text and curriculum materials. In developing print-
based units for a physical science course in Western Australia he
concluded that:

“Illustrations can be seen as far more than icing on the instructional
cake. They can take the role of a full partner with text in the
explanatory process.

In order for maximum benefit to be gained from the combination of
text and illustration, careful analysis of the subject matter is necessary.
From such analysis, explanatory responsibility can be partitioned most
appropriately between text and illustration.

Like most text examples, illustrations are likely to be far more
effective if, rather than simply being presented, they are set in a
context whereby students explore the concepts and relationships they
embody”.

In addition to these principles and based on our experiences the
VCSC believe that many students have difficulty in moving between
2D and 3D illustrations and real models. If this is true then
curriculum writers cannot assume that because a clear illustration
accompanies the text students will understand the material. Some
illustrations may even make the acquisition of new concepts more



difficult for students. In developing the Fibre Optics materials the
writers were conscious of this potential difficulty and:

* Related diagrams to reality by use of models, practical activities,
videos and everyday examples.

* Gave students frequent opportunities to link models with 2D and 3D
illustrations.

Kit comprises five components:

* An existing optical light kit common in Victorian Secondary
Schools.

e A series of five activities designed to complement the
experiments of the existing materials and extend the concepts
associated with light transmission to communication via optical
fibres.

* An existing set of Telecom project folders.

* A set of five worksheets designed around the project kits.

* A video relating to fibre optics and associated worksheets.

The scope and linkages between the elements of the kit are illustrated
in the next page.

Science Teaching Strategies Technology | Society
Concepts Simple
Known
Reflections Light bo experiments | Smoke Why send
Light rays Completing sentences | signals messages?

Completing diagrams | Semaphone | Morse and its
Telegraph Implications

lines

Reflection Light box | Telephones | Telephone lines
Refraction experiments and

Prediction of results impact on society

Recording in

sentences

Tabular recording

To

Total internal Light box Transmission via

Reflection experiments Continuous lines




Prediction of fibre Microwave.
reflections Fibre Optics
Speed, Speed!

Reflection in | Fibre experiments Digital The impact of
fibres Recording results encoding fast
Transmitting Communication
messages

Unknown complex
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6.3

Finally, if STS concepts and linkages are to be formed it would seem
to be logical to incorporate these ideas throughout the sequence rather
than relegate them to the end as examples of uses of the ‘science’. In
addition most STS materials uses contentious issues such as nuclear
power and IVF as a basis for linking science and society. This project
chose to utilise a non-contentious issue whose underlying conceptual
base was less complex than say nuclear energy. In this way social and
political beliefs did not cloud the learning although the potential social
effects of the introduction of the new technology were still great.
Accordingly:

In writing the worksheets and activities, aspects of the new technology
were progressively included in the development of the science
concepts.

As indicated at the start of this paper our purpose was to describe one
approach to developing STS materials. The approach was not seen to
be the only, or the best way to link the science, technology and society
aspects of a topic area. We do, however, believe that the approach
adopted, recognises and attempts to take account of some of the
difficulties encountered in science classrooms.

Conclusion

The ‘reader’ in this unit suggest that if the linkages between
concepts and examples must be of any value, they must be built into
the learning activities. Students must interact with the learning
material for learning to occur.

Summary
STS has been introduced into the school curriculum in

developed nations. There are suggestions on how to teach science
with STS. Some of these suggestions are:
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* Educator and curriculum developers must look closely at how STS
issues and concepts are taught if improvements are to be made to
the students’ science learning and/or ability to translate this
learning into real life situations.

e Students must interact with the curriculum materials including
work sheets, videos and experiments if learning is to occur.

* Most students need the opportunities to verbalise the concepts
they are leaning if effective links are to be made between known
concepts and new materials.

Tutor-Marked Assignments

* Write a concise abstract for the article.

* Discuss the interrelatedness that exist in Science, Technology
and Society.

e Describe how you will integrate the VCSC and SECAP
approaches in developing STS into your teaching of science.
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UNIT 7

SCIENCE AND TECHNOLOGY EDUCATION AND THE

article?

7.0

QUALITY OF LIFE

Introduction

This unit is designed in such a way that a reading material is

presented to help you grasp the current thinking of practitioners on the
subject. The material is set to assist you in various ways. So, carefully
go through and attend to the activity below.

7.2

Objectives

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

Discuss the role of science in the task of preparing citizens.
Identify the science attitudes a teacher needs to develop, to enable
him function effectively.

Analyse the role of science and technology in our contemporary

society.

Explain ways teachers can handle extremely complex situation in
dealing with learners who do not have sufficient knowledge,
experience and maturity.

Activity 7.1

Read the article with the following questions as guide:

bl

@

Who is the author of the article?

What is the main issue presented by the article?

How has the issue been viewed before this time?

What is the author saying is the contemporary view of the

What is the author’s main contribution to the issue being
discussed?

List major differences before and now with respect to trends in
science education?

What are your own interpretations of what he/she is saying?
What are your own reservations?

Hazard a guess as to what you think of where we are going
with respect to this concept.



After going through it, attempt to answer the questions raised in the
objectives for the unit. If you cannot do so effectively the first time,
go through the article again until you are able to do so comfortably.

Science and Technology Education and the Quality of Life

Myriam Krasilchik
Brazil has approximately 130 million inhabitants, but how many of
them are actually responsible citizens?

An immediate answer would be: all those who vote and who comply
with their civic duties. Although this criterion may be used to
characterize the citizen, it covers only a few of those elements that
make up a broader concept of citizenship. Being a responsible citizen
also implies in knowing one’s rights and obligations, in thinking for
oneself, in having a critical view of the society in which one lives and,
especially, the disposition to transform reality for the better. Thus, the
first important decision that a citizen must make is that of resolving to
exercise his citizenship.

However, besides the personal qualities, the exercise of citizenship
depends also on the space that the citizen has in which to act, actually
voting and participating in the decision making process of his
community. In certain countries and communities, this space is
already assured. In many other cases it must still be conquered by
those who really wish to take advantage of their rights and who intend
to bring about the changes they consider essential to strengthen the
institutions and manage to build a fair and pluralist society. The
community does not always have the opportunity to manifest itself,
and it is possible to verify that in countries with several degrees of
development and different political structures, the citizens must find
forms of participation that involve popular movements, public
manifestations and the formation of pressure groups to bear influence
on the decisions that are made in realms outside of the reach of the
majority of the population. Besides these, other spaces are also used,
other forums of argumentation are law courts (legal reasoning);
scientific communities (scientific reasoning); medical specialists
(scientific, legal, and moral reasoning). (MANENSCHIJN, 1985).

Thus, reorganization of the society always implies in the development
of a collective thinking in which the school comes to be also a forum



of reasoning about the struggles of the contradictory forces that make
up the society, involving the practice of teachers and students.

Within the curriculum, science courses play an important part in the
task of preparing citizens, as is indicated by the current movement
which seeks to relate science and the society of which this meeting is
an integral part. Many of the subjects necessary to youths find in the
scientific disciplines a niche which is appropriate to their
development: thinking for oneself, obeying reason instead of blindly
obeying authority; being capable of analyzing the control processes
that are used on the citizen; systematizing the partial, fragmented
knowledge acquired in one’s daily life through contact with the
family, with friends, and at work, so as to understand what one is
doing, why one is doing it, and how one should do it; understanding
and accepting the complexity and multiculturality of the society in
which one lives; understanding the different levels of decision in
which one must act to solve conflicts that demand decisions which
may be any one of various levels (individuals, family, community,
national, or international),understanding the role of science and of the
scientists within contemporary society. To achieve these aims, it is up
to science teachers to develop a series of attitudes which include,
among others: intellectual rationality and honesty; the capacity to
analyze problems based on observation and on one’s own
interpretation of facts and evidence; curiosity and a desire for new
knowledge; an interest in study and recognition of the limitations of
one’s own knowledge; recognition of the possibilities and limitations
of science and of technology; the capacity and disposition to take
action in the attempt to solve problems. Thus, the already overloaded
science teacher has to make decisions when dealing with societal
issues which include:
The issues
The science teacher must be able to bring to the surface
everyday themes that are of interest to the students themes that
are derived from their concrete problems and relate them to
more general situations that will lead to a broad and profound
analysis of dynamic and complex processes which demand
knowledge in many areas.

The problem of the pollution of a river or of a certain
region is intimately related to production problems in the
region under consideration, and therefore, to economic
problems, Discussions held in developed and underdeveloped
countries as to the use of nuclear power involve aspects such



as technological progress, potential dangers, and the use of
alternative sources of energy.

Issues such as population growth, the use of urban and
rural space resources, the use of medicines, sanitation,
agriculture, all involves decisions that depend on a sound basis
of information and knowledge, as well as judgments as to their
desirable or undesirable effects, which depend on the codes of
values of the community and on the life quality that the
community desires.

The role of science and technology in contemporary
society is worthy of special attention on the part of the science
teacher. Both suppositions of fearful respect which alienate a
great many citizens, and the adoption of a suspicious attitude
which attributes most of humanity’s problems to the scientists,
must be avoided.

Access to information on science as a social activity, in
language which is accessible to the majority of the population,
must begin in the schools which have, among other obligation,
that of developing the capacity to analyze information and
values transmitted by the media and which may represent
interests of certain groups instead of representing the interest
of the community in its broadest sense. Frequently science is
used as an argument in debates on political, philosophical, and
religious ideas. Many controversial themes have a scientist
dimension which is invoked to justify clearly ideological
position. The rights of the scientist and of the citizen when it
comes to options about what sort research should be carried
out, and what should be done with the results of the research,
are also issues that must be faced in class.

Ethical teaching dilemmas

Teachers have to handle extremely complex situation in their dealings
with students who do not yet have sufficient knowledge, experience,
and maturity. An essentially ethical problem arises from this situation:
how is it possible to discuss values with students without
indoctrinating them? Is it possible for the teacher, whose relationship
with the students is a matter of hierarchy, to remain neutral when
faced with a problem which involves the adoption of an ethical and
moral standard? To my way of thinking, no teacher can claim total



7.2

neutrality since his opinion is already manifest in his choice of matter
to be dealt with these matters.

To quote MONOD (1974). “Values cannot possibly be derived
from any sort of objective knowledge. But if you think about it a bit
more, you find that, in fact, objective knowledge cannot exist, cannot
begin to exist, unless there is an active choice of values to begin
with."

Only by creating situation of conflict, by exposing the interest
involved without using his authority to impose opinions, can the
teacher help to form citizens capable of deciding for themselves what
sort of actions to embark upon in their search for the general welfare
and to achieve the changes they consider necessary. A crucial part of
the process is the development of the capacity of argumentation
involving sincerity and capability in the desire to convince and to
listen to others who may have arguments that could cause us to
change our minds. Although any proposition as to linear procedure
may be simplistic, some steps are an integral part of the process of
decision making as related to societal issues:

- One must identify moral, ethical issues, which implies, basically, in
distinguishing between facts and values;

- One must develop procedures for analysing societal issues. This
step involves  consideration of the information that will be
necessary in making a decision,  and of the principles that must
guide solution of the conflicts;

- One must choose one alternative from among the many that are
available and it put into practice.

To educate for freedom without restricting the school to the role of
forming malleable, manageable citizens is the great challenge which
faces today’s science educators. And in this case, the voice of caution
tells me that this challenge will be net, not by giving in to the
temptation of grandiloquent slogans, but by sticking to the reality of
the classroom. With all its possibilities and limitations, the
transformation of which is one of our fundamental objectives.

Tutor-Marked Assignments
*  Write a concise abstract for this article

* Identify and discuss some of the attitudes you will suggest for
a newly employed science teacher to imbibe.
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* Discuss what you consider as the role of science and
technology in society
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UNIT 8

BIOTECHNOLOGY EDUCATION

Introduction

Biotechnology is a synthesis of a number of disciplines which depend
on inputs from a wide range of scientific and technological fields. It
is a fairly new science that has emerged out of the interaction of
disciplines in the area of Biology, Chemistry, Biochemistry and
engineering.

The application of Biotechnology ranges from current issues as, waste
treatment and waste disposal processes, to food production and so on.
These are of interest not only to professionals of science and
technology but also of the society in general.

In order to promote the growing interest in Biotechnology there is the
need for interaction between the educational institutions, industries
and research institutions. This brings in the question of
Biotechnology education that is, considering the interaction of
science, technology and society and how the concept of
Biotechnology can be introduced into the educational institution in
Nigeria. What impact would this have on the curriculum and how
would the introduction of Biotechnology education affect or aid the
needed scientific and technological break-through in Nigeria. It is
necessary to acknowledge at this point, that most of the ideas
discussed in this paper on the adaptation of Biotechnology to
education and training are based on the report of the “Working Group
of the Royal society on Biotechnology and Education”, London, 1984.

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

* Define biotechnology

* Discuss the applications of biotechnology

* Mention biotechnological processes

* Define biotechnology education

* Describe the educational objectives of biotechnology
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* Discuss the effect of biotechnology education on the curriculum
with particular reference to Community, Secondary, Technical and
University education.

* Explain the challenges and limitations of biotechnology]

* Discuss biotechnology in Nigeria

What is Biotechnology?

Johnson (1987) defined Biotechnology as the technical use of
biological knowledge in production: He says it includes a number of
technologies, originating from molecular Biology. In this broad
definition, the process of bread-making with the use of yeast, alcohol
fermentation, selection of domestic animals etc, are included.

Biotechnology according to Ozoro (1979) refers to the science
whereby technical tasks are performed normally under the direction
and supervision of biological scientist, contributory to biological
experiments, tests and analysis and develop industrial public health,
agricultural and other practical applications.

Kille (1987) expressed his own idea of Biotechnology as the
application of biological organisms, systems and processes to
manufacturing and service industries. He explained that, in particular,
it is the expansion in the industrial use of microbial and other cells,
together with the demands these new manufacturing processes will
place upon close integration and understanding between biologist,
chemist and engineers.

Ejike (1983:1) explained that Biotechnology is a new science that is
synthetic in nature that has developed from the interaction of
fundamental disciplines like genetics, biochemistry, chemical
engineering, microbiology, physiology, and all aspects of process of
technology. He added that Biotechnology provides a basis for the
development of new industries out of the existing traditional ones.

Biotechnology according to Liberman, et al. (1986), can be defined as
“the application of biological systems to technical and industrial
processes”. This according to them implies the integration of all
biology, including molecular biology, genetics, microbiology, cell
biology, biochemistry with chemical process engineering in a way that
develops the full potential of each of these systems.
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The above definitions of Biotechnology give interplay of Biology and
technology. In other words, the technological application of
biological findings in industries in order to improve the quality of life.

Liberman et al (1986) explained that academic and industrial
applications of Biotechnology can be divided into two general
categories: research/development and production. (This breakdown
agrees with Kille (1987).

Activity 8:1
Define biotechnology

Applications of Biotechnology

A break down of the discipline shows that it derives from the
activities of organism such as bacteria, fungi and yeasts. And has vast
opportunities in the application in waste treatment and waste disposal
processes, plant tissue culture, food production, single cell protein
research, the derivation of animal feedstuffs from Lingno cellulose
and fermentation technology; other applications include: technology
of renewable raw materials, researches on environmental pollution,
photobiological researches, short and long term effects of ionizing
radiation on biological systems. Also Biotechnology approaches, find
valuable application in researches in immunology and parasitology,
the aging process, plant and animal pathology and pest technology.
(Kille, 1987: Ejike, 1983). In his account, Kille (1987) added that
biotechnology is useful in resource recovery by fermentation, the
production of pharmaceuticals, the production of pharmaceuticals,
biological pesticides, agrochemicals, the production of gaseous fuels,
chemicals and solvents.

Some Biotechnological Processes

Detail account of the processes are not necessary for the discussion of
this nature on; Biotechnology education. What is done here is just a
brief mention of a couple of biotechnological processes. These
include:

Production of earthworms as a potentially economical source of
protein. Alcoholic fermentation of raw sweet potato by a non-
conventional method using endomycopsis Fibuligera. Making of
drugs For instance, the production of insulin from micro-organism by
the process of biotechnology, which takes on week instead of fifteen
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months as in the case of the previous methods. Invitro-fertilization
(IVF). Bartels (1984), stated that a woman in this programme is
induced to super ovulate by means of a fertility drug, thus producing
five or six ripe eggs. These are collected in an operation called
Laparoscopy. These eggs are fertilized by the husband’s sperms.
Increase agricultural yield. Biotechnology has led to high-yield of
crops and livestock, thus helping to expand the world’s supply of
food. (Bartels, 1986).

Activity 8:2
List four biotechnological processes

What is Education?

The contemporary English Dictionary defines education as “the result
of teaching or the training of the mind and character”. The Greek
idea of an educated man was one who was mentally and physically
well-balanced, while to the ancient Romans, emphasis was placed on
oratorical and military training. In recent times the ideas of looking
at education as an end in itself has changed to that of a process of
getting “initiated” or an induction in to the society. (Fafunwa, 1974).

Fafunwa, (1974:7) defined education as the aggregate of all the
processes by which a child or young adult develops the abilities
attitudes and other forms of behaviour which are of positive value to
the society in which he lives. Education, as a discipline, is a field of
knowledge dealing with how to teach effectively. Dictionary
meaning).

The emphasis in education is that, the educated person should be
useful to himself and the society in which he lives and not to be a
misfit. Kemeny, (1959) said that “education is not to have arrived but
to travel with a different view”. Precisely, one would say that
education is a continuous process which takes place through out life.

What is Biotechnology Education?

This brings us closer to the focus of the discussion. Biotechnology is
a fairly new development in science and technology, which has such a
wide range of practical daily life application. Biotechnology
education would offer the generality of society, the awareness of
current developments in science and technology and even help in
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training for a better and effective living in society, to improve the
quality of life.

Looking at the definitions of Biotechnology and Education, it may not
be out of place to say that Biotechnology Education is the training of
mind and character of the applications of biological findings to
technology with respect to new industrial prospects. Considering the
fact that Education itself is a discipline or a “field” of knowledge
dealing with how to teach effectively, addressing the issue of
Biotechnology education could also imply teacher preparation for
Biotechnology.

Every known formal process of education, separate a working
curriculum which states the aims and objectives, content and methods,
as well as evaluation of its outcomes. This paper is proposed to
briefly discuss Biotechnology education at the three main levels of
education that is primary, secondary and tertiary levels. However, the
first question to be addressed is “why study Biotechnology Education?

Activity 8:3
How will you explain biotechnology to a Junior Secondary (JS) One
student?

Why Study Biotechnology Education?

A philosophical approach to any issue would include the “what”,
“how”, “who” and also “why of such a debate”. The question, “why
study Biotechnology education”? Could forward several reasons in
which case, it would not be out of place to even say; that it is for the

very purpose of philosophical manipulation of the issue at hand.

However, Kille (1987), gave some reasons for considering education
and training for Biotechnology. These include: the fact that
Biotechnology is fast becoming a vogue. The need to differentiate and
identify the skills and activities of the new industries in
Biotechnology, from the older, more traditional industries using
biological systems such as fisheries, forestry, brewing, farming etc.
And also to examine ways in which educational systems can be
adapted to meet the new requirements.

Educational programmes would also increase public
awareness of their potential and counter any exaggeration of their
hazards.
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Educational programmes provide the necessary training for those who
will be involved in these new industrial developments.

Activity 8:4
Why do you need the knowledge biotechnology education?

Educational Objectives of Biotechnology

According to Kille (1987), Demain and Solomon (1986), the
objectives are based on the activities associated with the new industry
which they identified as research, development, production control
and marketing. Kille maintained that the educational and training
programmes of schools, technical colleges and universities must
between them take into account these four career outlets in
Biotechnology.

Research: People with post-graduate training who will
provide the basic ideas, technique and materials for industrial
innovation from their scientific and engineering research.

Development: People with good honours degrees or diplomas
in technology who will translate new ideas into manufacturing
processes and into economically viable products and services.

Production control: People with degrees or technical
training who will monitor and control the manufacturing processes.

Marketing: People with a wide range of training and
qualification in financial, sales and management roles in industry,
those interested in investment policy, political decision making,
advertising and public relations. The aim of Biotechnology education
is therefore to produce individuals required in each of these groups,
who have acquired an understanding of microbiology, genetic
engineering and other relevant areas of Biotechnology.

Activity 8.5
Mention the four career outlets in biotechnology

Effect of Biotechnology Education on the Curriculum

‘Biotechnology as Kille’ 68 explains will require a much broader
understanding of biological and physical sciences, which goes beyond
their purely academic interest towards their industrial application and
management.

Therefore, he suggests that changes in curricula should not just
produce subject specialist but must also take into consideration the
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social and industrial relevance of the training in the educational
programme.

Another aspect which the curricula of educational training should take
care of is the attitude among the teachers in the educational
institutions, students and their parents. This is in particular reference
to too much emphasis on “paper qualification”.

Biotechnology will require a number of posts to be taken by
professional technologists and technicians.  This means that,
educators in the schools and ministries of education have to pay more
attention to providing courses that would be of real social and
industrial relevance and therefore attract greater number of people
other than the purely academic.

Kille (1987), expressed that such a curriculum should not be less
rigorous than those used at present, especially as even the numerical
demands of Biologist of the industries could well increase the rigour.
His suggestion is that, the graduates of the educational institutions
should have a broadly balanced background in Physical and
Biological sciences, which will be applied to the professional demand
of Biotechnology.

The educational demands of Biotechnology are many, but this does
not necessarily call for the introduction of new subjects into the
already overloaded curricula, but instead a reorganization of existing
educational resources are recommended.

Activity 8.6
What does the school gain in the introduction of biotechnology
to the school curriculum?

Adapting Biotechnology Education into the Various Educational
Institutions.

The issue here is how the Biotechnological requirements could be
adapted into the various educational institutions and still retain
curricula suitable for other careers.

Johnsien (1987:76) says that.
The purpose of secondary school is to teach the students not how to
use technology but to evaluate technology on the basis of a general
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awareness of how the technology is used and how it affects society
and the environment.

At the Junior Secondary School (J.S.S.) Level.

It is suggested that while maintaining a broad spectrum of basic
science in the J.S.S. level, the following could be introduced into
school courses. An awareness of some of the application of biological
science in industry. Discussion of some problems facing engineers in
plant using biological materials. The great importance of numeracy of
biologists. Difficulties would be encountered if all of these have to be
introduced into the schools. But a co-operation between the
professionals and the schools would reduce this problem. The vital
point is for the introduction of Biotechnology, as one aspect of
Biology.

At the Senior Secondary School (S.S.S.) Level

At this level, the students are in their pre-university years, and quite a
lot done is in assessing and preparing the students for tertiary
education. Hence the inclusion of biotechnology requirement will
have great effect on the existing curriculum (Kille, 1987; Johnsen,
1987). The need therefore, is for teachers to ensure that students
receive a balanced view of the opportunities for employment in
biological industries, and alternatives to degree courses must be made
clear to them.

This calls for a selectivity to ensure that syllabuses teach both key
scientific principles and generate the necessary awareness and skills
for future scientists and engineers.

For Teacher Preparation in Secondary Schools

Considering the speed with which biotechnology is developing,
relying on just the pre-service education and training of teachers will
be too slow. If any reasonable impact is to be felt then, there is the
need for devising other alternatives such as;

in-service programme of refresher and re-orientation courses for
teachers.

The teachers in addition to lectures and practical work should have
direct industrial contact, to give them an understanding of industrial
and business problem.
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The liaison between industry and the school should be strengthened
with the help of professional bodies and industrial organizations.

Learning Experience and Materials

With the fast trend and development in Biotechnology education,
there is the need for the revision of previous textbooks and provision
of suitable reading materials in the schools. Other experiences could
be provided the schools in the form of visual-aids, laboratory
exercises, suitable biology materials, especially in the field of
microbiology, simple genetic engineering and Biochemistry.

Technical Education

Biotechnology is very much dependent on technical education, which
will provide a wide range of skills and abilities. There is the need for
the production of more technicians and technical assistance, (that is
the middle level manpower), than those with the honours degree, with
who will be required for the control and monitoring of industrial
biotechnological processes.

This implies that the minds of parents and students should be
disabused of the mere pursuit of the “golden fleece” and turn attention
to the production of middle level manpower. The government could
assist by raising the status of these technicians.

To implement this, Kille (1987) suggested that a few more colleges
could be created in addition to the already existing ones. They should
retain flexibility and adaptability by providing courses which
concentrate on a firm foundation in technique and skills of these
subjects which contribute to biotechnology, and leave the specialist
training to the in-service training schemes of industries.

The technical colleges could also provide sandwich, day-release or
other forms of re-orientation and refresher courses for training staff.

The University

The Universities could serve the following functions:
Training of professional technologists with good honours degrees or
equivalent.
- Provide new ideas for the use of biological systems from their
research.
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- To the development of small - scale laboratory systems into
industrial processes.

- In order to serve these purposes, the University should have such
educational objectives as, the application of biological science to
be given more prominence in the curriculum.

- The students should be acquainted with constraints on biological
systems in manufacturing plant.

- The students should be made aware of the physical and
engineering problems.

- The Universities, number of subject departments and over all
size. The question now is what strategy should be adopted to the
greater advantage, for the Universities to put their resources in
staff, equipment and those of local industries.

As we mentioned earlier, biotechnology is a combination or
synthesing of a number of other professions. The universities could
re-organise their courses in such a way as to incorporate the
requirements of a Biotechnology department, with little demand for
extra resources. For instance, there could be provision of engineering
courses for biologist, and in return, the biologist could provide for
chemical and process engineers.

At the post graduate level, the universities could focus mainly on
academic research in the various fields, incorporated into
biotechnology. Also there could be refresher courses for post
graduate students.

Another way the universities could function is by influencing the
attitude in secondary schools to industry and commerce, by modifying
entrance requirements. This will in turn affect the teaching and
assessment in the schools. Teachers, parents and students through this,
could also come to appreciate better, the potentials for the new
biological industries.

Community Education

The need for biotechnological literacy of the general public can not be
over emphssised. According to Kille (1987), the exploitation of
biotechnology for maximum social and economic development will
depend to a great extent on changing the attitudes of a wide spectrum
of the population. The mass media can be used in the task of
persuading and assisting in educating the public, especially in creating
an awareness in those not academically oriented. This could be



reinforced by giving talks, exhibits, seminars, to give more detailed
technical information of the requirements of Biology.

Community education on biotechnology could aid in changing the
general attitude of the people and also influence decision making of
those in positions, such as education officers, civil servants,
industrialists and financiers.

Activity 8.7
How does biotechnology depends on community and University
education?

8.9.9 Challenges and Limitation of Biotechnology

Biotechnology demands the application of a wide range of skills and
also offers a wide range of potential services for the new industries.

Special courses in biotechnology, may not be necessary nor desirable,
except in a few cases. One problem which stands clear, especially
with regards to developing countries is that the introduction of such
courses would impose a heavy drain on the existing resources of
schools and universities.

Also it is unlikely that adequate number of staff is available with the
necessary scientific and industrial experience. This means that the
schools and university curricula must be sufficiently continued and
well balanced not only to serve the existing traditional profession, but
also these new industries.

8.9.9.1 Hazards of Biotechnology

Liberman, et. al. (1986) identified certain sources of hazards of
biotechnology with three properties of micro-organisms: The potential
for undetected genotypic or phenotypic changes to alter a tested and
approved process.

The potential of a few strains to cause disease.

The ubiquity of organisms which can contaminate the system.

The concern is for the need to maintain aseptic conditions.

8.9.9.2 Biotechnology in Nigeria

The issues on biotechnology education as have been discussed in this
paper are very relevant and applicable to the Nigerian situation.



However, certain specific observations could be made on what effect
the implementation of the concept of Biotechnology will have in
Nigeria. And for a developing country like ours; that is pursuing
scientific and technological breakthrough, for economic self-reliance,
Biotechnology offers a lot of opportunities, these include:

1.Provision of Job opportunities for unemployed graduates in science
and technology related fields. They could be absorbed into the
schools as professionals who would bridge the gap between the
schools and industries. And also assist the teaching staff to team-
teach certain aspects of the syllabus. The “Nigerian dream” of a food
for all by the year 2000 AD”, “Health for all by the year 2000 AD”
and so on could well be achieved through the active implementation
of Biotechnology in the country’s educational institutions, and
industries.
2.Biotechnology offers opportunities for the training of middle level
manpower in the form of technicians, technical assistance and so on.
The government could make provision for the training of senior
secondary school learners, who have not been admitted into the
universities to take up these positions and fill in the gap that is required
by Biotechnology.

In spite of, the fact that there is this conscious pursuit for the “golden
fleece”, “paper qualification” in Nigeria, if the status of these
technicians are raised by the government, more people will be
attracted to it. Certain problems are envisaged, with the
implementation of Biotechnology education in Nigeria. For most
among these the chronic issue of lack of funds. Biotechnological
processes as useful and as laudable as they are, are very expensive.
Except the Nigerian economy has other means of obtaining revenue,
than the oil industry, it would be very difficult to meet the financial
demands in Biotechnology.

Another problem could arise from the “thinking pattern” of Nigerians
themselves, who are more interested in reaping the financial benefits
of any venture, than putting in the labour it requires. This attitude of
Nigerians has greatly affected the technological progress in the
country.

Human factors such as resistance “to change” and “conservatism” of
people could also constitute a hindrance on the effective

implementation of biotechnology in Nigeria.

Activity 8.8



List four human factors that can hinder the effective implementation
of biotechnology in Nigeria.

8.9.9.3 Conclusion

This paper has not gone into the details on the various
Biotechnological processes, as space would not allow for this.
However, a framework of how the concept of Biotechnology can be
worked into the various levels of education has been given.

Implementing the Biotechnology education may not necessarily
require resources independently, on its own, but a reorganization of
the existing ones could be done in such a way as to provide for
Biotechnology.

The hazards of Biotechnology seem less “threatening, unlike the case
of nuclear waste; especially with the promise of the treatment of waste
disposal. It is hoped that when the different areas of Biotechnology
are properly exploited, it would provide answers for such problems as
environmental pollution, famine and so on.

8.9.9.4 Summary

In this unit you have learnt the meaning of biotechnology,
applications and processes of biotechnology. You have also learnt
biotechnology education with emphasizes on educational objectives,
effects on curriculum, adaptation into various educational institutions,
community and technical education. The hazards, challenges and
limitations of biotechnology are also discussed. And finally the
implications for Nigeria education

8.9.9.5 Tutor-Marked Assignment

(1) discuss the need for biotechnology education in our Junior and
Senior Secondary School Curriculum.

(2) discuss the opportunities Nigeria as a nation will derive from
biotechnology.

8.9.9.6 References



Reinhald

Bartels, D. (1984). “The use of invitro Human Embryo: Can the
public participate in Decision making?” Bioethics News.
Monash University. Vol. 3, No. 3, pp. 11-25.

Demain, L.A. and Solomon, A.N. (1986). (eds) Manual of Industrial
Microbiology and Biotechnology. Washington, D.C. American
society for Microbiology.

Ejike, C. (1983). (ed). “Biotechnology in Nigeria” Nigerian Journal of
Biotechnology. Vol. 1. No.1 pp. 1-2.

Fafunwa, A.B. (1974). History of Eduction in Nigeria. London,
George Allen and Unwin.

Johnsen, K. (1987). “Teaching Biotechnology” in Waddington, D.
(1987. Ed). Education, Industry and Technology: Science and
Technology Education and Future human needs. Vol. 3. No.1
pp. 75 B 84.

Kemeny, J. (1959). A philosopher looks at Science. New York:
Co.

Kille, R.A. (1987). “Education and Training for Biotechnology” in:
Waddington. D. (ed). Education, Industry and Technology:
Science and Technology Education and future human needs ...
Vol.3. No.21 pp. 67-74.

Ozoro, O. (1979). “Technology Acquisition” in: Amoad, M. et al
Technological Development in Nigeria. New York: Third
Press Internal. 10023.



9.0
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UNIT 9

ROAD TO RECOMBINANT DNA TECHNOLOGY

Introduction

To study this unit, you should first understand the concept called
DNA. The DNA (Deoxyribonucleic acid) is a molecule of inheritance
on which hereditary information are stored in virtually every
organism. It is located in the nucleus of cells found in the body. This
little knowledge of DNA will assist you when going through the unit
as a whole

Objectives

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

* Narrate the trends in the development of recombinant DNA
technology.

e Define the term cloning.

* Describe the process of cloning.

* Discuss the merits and demerits of recombinant DNA Technology.

Trends in the Development of Recombinant DNA Technology

Our knowledge of the living cells date to 1665 when Robert Hooke
describe the spaces he observes in slice of cork. In 1838 and 1839.
Schleiden and Schumann formulated the cell theory which shows that
the cell is the basic organisation unit of the living organism. On a
closer look, one would appreciate the fact that the living cell is the
epitome of ingenious design. Although DNA was first isolated in
1869 by the Swiss biochemist Friedrik Miescher, it was not until 1943
that DNA was conclusively identified as the primary genetic material.
The brilliant experiment that shows this was performed McLeod and
McCarthy who investigated the previous finding of Griffith. From that
point the pace of research on the DNA molecule become rapid and
intense.

The foundation for what is now known as Recombinant DNA
Technology or Genetic Engineering was laid by Watson and Crick
(1953) in the British Journal ‘Nature’. They came up with the finding
on the double helical structure of DNA and to propose the mechanism
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of DNA replication. After then Kormbery proposed the mechanism of
DNA replication. After then, Kombery (1958) isolated DNA
polymerase .Between 1961, and 1966, the genetic code was
completely worked out, in 1963, the discovery of the reverse
transcriptase could be regarded as another landmark on the road to
recombinant DNA ligase in 1967 and the restriction enzymes in
1970.Thus, stage was set for the take-off of the new technology-
Genetic engineering.

Armed with these three types of enzymes: reverse replication, DNA
ligase and restriction endonuclease, Scientists now have the ability to
create new forms of life by splicing together DNA (or genes from
various source. In fact, the first recombinant DNA molecule were
synthesized at Stanford University, USA in 1972, the following year,
the ‘pandora’s box’ was opened at the Gordon Conference on nucleic
acids held in New Hampshire, U.S.A.

Activity 9.1
What does DNA stand for?

Genetic Cloning

Benoaji (2000) defined cloning as the isolation and proliferation of
individual genetically unique cells. It is a kind of high resolution
separation method for DNA molecules which could be difficult to
resolve by any other means.

The word “clone” was first used to describe a population of cells or
organisms, all derived from a single cell or organism by asexual
multiplication. All members of the clone look exactly alike since they
posses the same genetic constitution. The birth of recombinant DNA
technology made it possible to clone a specific gene, or a segment of
it in bacteria. This procedure was appropriately termed” gene
cloning”. Later it also became possible for new combinations of
unrelated genes to be constructed in the laboratory so the genes from
different organisms (or species) could be spliced together in vitro to
create new, recombinant, products.

These novel genomes could then be introduced into dutiable cells and
amplified many times by the DNA synthesizing machinery of the host.
The major steps involved in DNA cloning include:

Construction of the recombinant molecule. A DNA fragment of
interest is covalently joined to a DNA vector (or vehicle). The vector
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must be able to replicate autonomously in an appropriate host. The
most commonly used vectors are bacterial plasmids and the lambda
bacteriophage for cloning in Escherichia coli.

Introduction of the recombinant molecule into host cells the
recombinant molecule is re-inserted into the cell e.g. bacteria.

Activity 9.2
What is the meaning of gene cloning?

The cells which contain the recombinant DNA molecules with the
gene of interest as then selected and separated from the remaining
cells which do not.

The selected cells can then be amplified many times. During this
process, the recombinant DNA molecules will be replicated and
expressed in the host cells. This technique is useful for the synthesis
of large quantities of scarce proteins such as human insulin or growth
hormone.

Advantages of Recombinant DNA Technology

Cloning has made it possible to obtain large amounts of particular
genes to determine the functions of segments of nuclear and
organellar DNA, and to map genomes. Particularly useful application
of the techniques is studies in which the controlling regions for
prokaryotic and eukaryotic genes are cloned with an eye towards
understanding the regulation of gene expression at a very basic level.

DNA cloning has a lot of potential benefits for mankind for
example, it can be used to synthesize large quantities of antibiotics,
enzymes and (insulin) hormones. In the near future it should be
possible to introduce nitrogen fixing genes into the genomes of crops
plants thus eliminate their requirement for nitrate fertilizers. Its
technology has made it possible to cure diseases which for a long time
have afflicted mankind. These include heamophilia, sickle cell
anaemia, some inborn error of metabolism, etc. Quite recently, a
vaccine was produced, through this technology, which could be
beneficial in controlling or eradicating malaria. It is at present
undergoing clinical trials and may soon be introduced into the market.

The recombinant DNA technology has also been used to achieve
tremendous advances not only in the field of medicine. Agriculturists
have used the new technology in producing hybrid crops with better
yield and greater nutritional values. With the present recombinant



DNA technology, carrying out of cloning in the laboratory is easy and
not laborious. Other beneficial proteins could be manufactured by the
same process.

The technology at present can be afforded cheaply and rapidly.
Cloning from higher plants, micro-organisms, animals including
mammals is now achievable. The most beneficiary of this technology
are the couple(s) who are rendered infertile by one thing or the other
can now clone and produce their own child through test-tube babies.

Activity 9.3
Name the other areas of human endeavour apart from Medicine where
recombinant DNA technology can come into play

9.3.2 Disadvantages of Recombinant DNA Technology

9.4

It leads at times to the creation of organism (monsters) - animal or human
whose biological activity cannot be predicted.

Large scale production of cancer - causing viruses.

The creation of penicillin - resistant recombinant E. coli.

It requires an expert in the field to carry out the cloning.

Human being, if cloned by asexual reproduction may be denatured.

Not all those who may need can afford it.

The Future of Recombinant DNA Technology

Before the birth of recombinant DNA technology, geneticist and molecular
biologists were contented with the cloning of bacterial and some other
microorganisms, as well as cells in tissue culture. Plant breeders also cloned
higher plant by propagating them asexually through simple techniques such
as cutting and grafting.

Higher animals usually do not reproduce asexually, therefore, in order to
clone an animal it is necessary to micro surgically remove the nucleus from a
fertilized egg or inactivate it with ultraviolet (uv) rediatuib, then replace it
with a nucleus taken from a somatic cell. Such an experiment was first
carried out with frogs by Gurdon 1968 at Oxford University.

The recent announcement in the world press of the successful cloning of
higher mammals caused a big stir around the world. A group of Scientist at
the Roslin Institute in Edinburgh, headed by Dr. lan Wilmut, successfully
cloned a sheep which they named “Dolly”. Another group of Scientists at the
Oregon Regional primate research Centre in the United State simultaneously



announced the cloning of two rhesus monkeys. A monkey it is generally
accepted is the next - of - kin to man in the phylogenetic scale of biological
evolution. The question was them can man be cloned? If yes, then the next
question is should man be cloned? The answer belongs to the realm of
bioethics.

Indeed, the story of a man who spent over a million dollars to attain a clonal
reproduction of himself has already been documented in a book written by
David Rorvick and published (1978). The procedure used demanded that a
body-cell nucleus, containing a full set of 46 chromosomes, be implanted in
an ovum, the nucleus of which had been destroyed. The resulting embryo was
then implanted in the uterus of a woman. This achievement was made
possible by a technique which was developed in 1973: the technique of
Invitro fertilization (IVF) usually referred to as “test-tube babies”. This
technique made it possible to remove eggs from the ovaries of woman who
were healthy in every sense, except that they were infertile as a result of
irreparably damaged fallopian tubes. Their eggs would be fertilized in the
test-tube with the sperms of their husbands and then implanted in their own
wombs.

As is always the case, every technique developed to solve medical problems
is also subjects to abuse. It soon became normal practice to remove eggs from
one woman fertilize it in a test-tube and then transplants it into the womb of a
second woman who could not produce her own eggs. Furthermore, women
who simply did not want to undergo the difficulties of carrying a pregnancy
or going through labour pains began to hire other woman to bear children for
them at a reasonable fee (surrogate mothers providing wombs for rent). There
are already speculations about by passing surrogate mothers by developing
artificial wombs (incubators) in which the growing embryo could be
developed and the baby collected after nine months!

The development of the IVF techniques was not without some unpleasant
incidents. This technique is credited to Dr. L. B. Shettles, a professor at the
Colombia Presbyterian Medical Centre in New York, in collaboration with
Dr. Willians Sweeny, a clinical professor of Obstetrics and Gynaecology at
Cornell University. The take off of IVF technology was thus, delayed by
about a year. Bevis (1974) of Leeds University in England, who also did his
experiments surreptitiously, announced in a press conference that three
human embryos, conceived in test-tube, had been successfully implanted in
the wombs of the three women who later gave birth to healthy babies. All
three women were regarded as hopelessly infertile due to damage or absent
fallopian tubes,
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In Nigeria, test-tube babies are done and presently couples who cannot
reproduce sexually are now able to reproduce asexually through the process
called clonal reproduction. It is carried out in some of the specialist hospitals
including Jos by Dr. Araf.

Activity 9.4
How would you explain the meaning of IVF to an illiterate person?

9.5 Conclusion

DNA technology or Genetic engineering has been used to achieve
tremendous advances not only in the field of medicine, Agriculturist
have used the new technology in producing hybrid crops with better
yield and greater nutritional value. It has also been used in the creation
of oil-eating microorganisms to solve environmental problems created
by oil spillage. It is my contention that if the eradication to all human
disease recently orchestrated is to be achieved, this can only be made
possible through genetic engineering or by the intervention of a
supernatural strong hand from some place.

Summary

In this unit you have learnt the development of recombinant DNA technology
and genetic cloning. The advantages and disadvantages of recombinant DNA
technology as well as its future are discussed. In the next unit you will learn
the continuation of the unit under the title genetic engineering.

Tutor-Marked Assignments
a) Explain how a clonal reproduction can be carried out in a man.
b) Discuss the need for inclusion of recombinant DNA technology
in Science teaching at all levels of education in Nigeria.
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UNIT 10

GENETIC ENGINEERING

Introduction

This unit is designed in such a way that a reading material is presented
to assist you to further understand what you learnt in the previous
unit. Carefully go through the material and attend to the activities
below.

Objectives

By the end of this unit, you will be able to:
* Explain the term genetic engineering.

* Discuss how genetic engineering works.
* Discuss the merits of transgenic.

Activity 10.1

Read the following article with the following questions as guide:

1. Who is the author of the article?

2. What is the main issue presented by the article?

3. How has the issue been viewed before this time?

4. What is the author saying is the contemporary view of the

5. What is the author’s main contribution to the issue being
discussed?

6. List major differences before and now with respect to trends in
science education?

7. What are your own interpretations of what he/she is saying?

8. What are your own reservations?

9. Hazard a guess as to what you think of where we are going

with respect to this concept.

After going through it, attempt to answer the questions raised in the
objectives for the unit. If you cannot do so effectively the first time,
go through the article again until you are able to do so comfortably.



Genetic Engineering
Ukwuru O. Joel

Since the second half of the century, biology has entered what some
scientist have referred to as its ‘golden age’ From the discovery of the
structure of DNA in 1953 to the ability to write the genetic code for a
human, science of molecular biology has combined with genetics to
give us a new and powerful biotechnology. It will have applications in
industry, medicine and agriculture and many in other fields.

Its importance is reflected in the fact that United States now spends
about half of her academic research budget on the life sciences. Past
experiences have made scientists very aware of the social and ethical
implications of their research and, they showed down their works in
the 1970’s while strict regulations and guidelines for genetic
engineering were worked out. As scientists, a lot of responsibility for
discussing the new issues that will certainly arise from our expanding
knowledge of molecular genetic particularly those offering biology,
the more informed our opinions are the more people are prepared to
discuss the issues, the more likely we all are to benefit.

Genetic Engineering

Genetic engineering is the most powerful technique available in
applied genetics and technology. It gives us the power to study and to
change the genetic instructions of an organism, including ourselves.
Other living organism can be changed for the benefit of humans and
we are even beginning to manipulate our own genes to cure genetic
diseases (genetherapy).

The basic techniques of genetic engineering involve inserting a new
gene into an organism. The gene may be newly synthesized or
transferred from another organism. This is possible in bacteria, in
which case the genetic engineering turns the bacterium into a living
factory for production of whatever protein the gene codes. For
example the transfer of genes for human insulin, human growth
hormone and Bovin Somato Trophin (BST).

Genetic Engineering of Bacteria

It is now a routine practice to be able to obtain copies of gene of any
kind. In some cases only a single original molecule is required.



Making many identical copies of a molecule is called cloning.
Traditionally, it relies on the use of plasmids or bacteriophages.

Plasmids are small circular pieces of DNA found in some bacteria.
They are separate from the bulk of DNA and can replicate
independently of the rest of the DNA. Bacteriophages (known as
phages for short) are viruses that can inject their DNA into bacteria
for replication. The pieces of DNA to be cloned are combined with
either a plasmid or the DNA of a phage. This modified plasmid or
phage DNA is called recombinant DNA. is the same given to DNA
formed after a piece from one organism is joined to a piece from
another organism. If it is inserted into a bacterium, it will clone
(replicate) itself and as the bacterium multiples, so the recombinant
DNA will multiply. If desired, the clone can be separated from the
plasmid or phage DNA again. This allows, for example, its base
sequence to be determined. While inside the bacterium the new gene
may be active and used to make useful protein, such as human insulin,
which would not normally be made in that cell. The protein can later
be extracted.

The plasmid and phage is known as the ‘vector’ or ‘cloning vector
because it acts as a carrier for the DNA to be cloned. Inserting new
genes into the embryo of plants or animals to create what are known
as transgenic, (organisms which can pass their genes on their
offspring) is more difficult.

Genetic engineering in bacteria can be broken down into five stages:
Stage 1: Obtain a copy of the required gene from among all the others
in the DNA of the donor organism.

Stage 2: Place the gene in a vector.

Stage 3: Use the vector to introduce the gene into the host cell.

Stage 4: Select the cells which have taken up the foreign DNA (the
DNA of the donor

Stage 5: Clone the gene.

Genetic Engineering in Eukaryotes

It is possible to genetically engineer eukaryotic organisms as well as

bacteria organisms that have been genetically altered using the
techniques of genetic engineering that are generally refereed to as
transgenic. Because transgenic organisms offer an alternative to
traditional method of animals and plant breeding, they offer an
exciting new way forward in agriculture.



Improvements in crops and domestic animals by traditional method is
slow process which relies a lot on chance because of crossing over on
meiosis and random segregation of chromosomes during sexual
reproduction e.g. it takes 7-12 years to develop a new cereal variety.
Genetic engineering offers the chance to add new genes directly,
without relying on sexual reproduction. It opens up the possibility of
‘designer’ plants and animals with disease resistance. Animals and
Plants can become living factories for useful products other than food,
just like bacteria in fermenters.

Advantages of transgenic can be summarized as:

A gene for a desirable characteristic can be identified and cloned.

All the beneficial characteristics of an existing Varity can be kept and
just the desired gene can be added.

* Sexual reproduction is not necessary.

* Transgenic is faster than conventional breeding.

* Application of Genetic Engineering for Human Insulin.

* Insulin is a protein in the pancreas which plays a vital role in
the regulation of blood sugar level. Its deficiency is one of the
causes of the disease diabetes milletus (sugar diabetes) where
blood sugar level becomes raised with harmful consequences.
Now more than 2 million people world wide use insulin and
the world market is worth several hundred millions pounds a
year.

Daily injection of insulin isolated from the pancreas of slaughtered
pigs and cattle become the standard treatment, however, due to minor
differences in the amino acid composition of insulin from species
different to ourselves, and the traces of impurities, some patients were
allergic to animal insulin and showed damaging side effects as a result
of the injections. The ideal solution became possible with the
introduction of genetic engineering.

Not all the genes are switched on at any time certain regions of DNA
called promoter regions situated next door to the gene have to be
activated before a gene is pressed. If the new gene is inserted in the
middle of an existing gene. The switch for that gene may be used. The
gene used in coli was for galactopsidase but is now trytophan
synthease.



The original technique was developed by Eli Lilly and company and
in 1982 human insulin. Marketed as ‘humulin’ became the first
genetically pharmaceutical product to be approved for use.

Human Growth Hormone

Growth hormone is a small protein molecule produced in the pituitary
gland. It affects all the tissues of the body, causing growth of almost
all those that are capable of growing .Abnormally low levels of
growth hormone in childhood results in dwarfism in which the body
has normal proportions but is much smaller, intelligence is unaffected.
Unlike the case with insulin where insulin from slaughtered animals
will function in humans, the growth hormones of different animals
work only in the species of origin. Treatment of dwarfism has relied
on growth hormones extracted from the pituitary glands of dead
humans and the supply was not enough to meet the demand. Another
problem was that extract from pituitary glands were occasionally
contaminated with the infectious protein that cause creutzfeldt-Jakob
(the ame protein that causes mad cows disease).

Genetech, a Cartlifornia-based company, has produced human growth
hormone (HGH) from genetically engineered bacteria which contain
the human gene for the hormone. Its can be provided in large
quantities and in a pure form. Regular infections of the hormone
restore near - normal height in children suffering from growth
hormone deficiency. The technique for producing the hormone is
similar in principle to that for insulin.

Cleaning Up Oils Spills

An improvement in the use of micro-organisms is possible with
genetic engineering to clear up waste in relation to treatment of
sewage, recycling, (biological mining and conversion of organic
wastes into useful products such as sugar, alcohol and methane.

Another potentially important example is the attempt to produce
genetically engineered bacteria capable of cleaning up oil spills,
example is the genetically engineered strain of pseudomonas, which
can break down the four main groups of hydrocarbons present in oils
(xylenes, naphthalene, octane, camphor) and can clean up oil in-water
mixtures. It has been noted that relevant genes occurs on plasmids of
naturally occurring pseudomopnas strains, but not all the four
plasmids are present in a single strain.



It is interesting to note that experts at British Wild Life Park crossed a
monkey’s gene with those of a chicken to create the chimpanzee. The
scientist mixed a chicken’s DNA- the genetic program for all living
cells with DNA from a cotton top tamaris monkey. The research team
then implanted a chicken with an embryo grown from the new hybrid
cells. The egg was kept at a constant 95F temperature to stimulate the
tropical habitat of South American monkey. Charlie, the name given
to newly hatched chimpanzee, is being hand reared on a special diet of
bananas and corn in order to avoid a likely rejection by the northern
hen. Vogel (1991).

The test tube baby is another scientific development through genetic
engineering. The mechanism of the practice, however is basically the
same, the sperm cells are collected and capacitated in a test tube. The
capacitated sperm cells are introduced to the ovum and fertilization
takes place in the test tube. Once the zygote is developed, it is
immediately removed back to the interested would be mothers.

Presently, however, with the manipulation of genes, it is possible to
shape the baby the way parents want the child before the delivery by
the mother.

Genetically, engineered food also called FRANKEN FOODS is
already part of life in United States and some European countries.
According to the united state agricultural department one-third of the
corn and more than half of the soyabean and cotton grown in the USA
in 1999 were products of biotechnology

Benefits and Hazard- the Ethnical and Social Implications of
Genetic Engineering.

From the earliest days of genetic engineering scientist have been very
aware of the need to consider the political hazards and ethical issues
associated with those new branch of biology. There was a focus on
plan to clone cancer genes from viruses in E-coil. It was argued that if
the genetically altered E-coil that lives in the human gut by
transferring their plasmid, example by conjugation. It was also argued
that human DNA, and DNA of other mammals like mice, could
contain cancer-causing genes (oricogenes) and these might
inadvertently get transmitted with neighboring pieces of DNA being
used for genetic engineering.
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In the 1980°s an explosion of activity and interest was unleashed.
Manufacturing companies quickly began investing billions of dollars
into not just genetic engineering but all the biotechnology in
agriculture, medicine, industry and waste treatment, in gene therapy.

The benefits of biotechnology in developing continent like Africa
cannot be far fetched. The rates at which the population increases far
more exceed food production.

In Africa, statistics suggested that by the year 2050, there will be an
increase of 50% in population growth while cultivable land decreases.
Biotechnology thus holds the key to Agricultural transformation
which is essential for the global challenges of reducing poverty,
feeding the continent’s skyrocketing population and as well
conserving the environment. In this way bio engineered crops could
improve the food yield by 25% of the developed world to help feed
their population in the future.

In the area of soil utilization, biotechnology could also solve problems
of metal toxicity on farm land. Crops are being created that are
drought resistant, more salt tolerant and more resistant to pests. Crop
characteristics can be genetically altered for earlier maturity reduced
post harvest losses and improved nutritional qualities.

Generally modified virus resistant cassava, a key source of calories to
Africans can reduce the damage caused by virus on cassava.

Problems Faced by the Developing Countries.

The first problem with bioengineered crops is affordability since the
biggest problem plaguing the Africa nation is poverty since there are
wide economic disparities, development in the aspect of scientific
breakthrough cannot be compared with the developed countries, hence
expertise will be another problem.

Government insensitivity in African to genetic engineering research
and biologically modified food is another problem, which could
militate against it

Conclusion
Genetic engineering is very important aspect of science of life,

although it has both merits and demerits. Critical assessment has
proved that the advantages out weighed its disadvantages. Therefore it
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should be encouraged to treat cases with genetic diseases such as
breast cancer, cancer of the lungs, heart disease, diabetes, etc and for
sustaining food production. Care should, however be taken to screen
the gene of the organisms for genetic engineering.

Tutor Marked Assignments

1. Write a concise abstract for the article

2. Discuss the benefits that Nigeria as a nation will derive
from allowing full knowledge of genetic engineering to
be developed

3. Identify the factors militating against the developing

nations of the World from having bing properly
developed in area of genetic engineering.
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UNIT 11

SCIENCE OF THE MILLENNIUM

Introduction

The emergence of bioethics as a field of study is a contemporary
phenomenon traceable to several causes. The issues of bioethics have
captured the contemporary mind because they represent major
conflicts in the area of technology and basic human values, those
dealing with life and health.

Objectives

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

* Define bioethics.

¢ Discuss the medical ethics in abortion, blood transfusion, health
care, heart transplanting etc.

* Discuss the rationale for integrating science, technology and
mathematics in the precollege classroom.

What is Bioethics?

Bioethics is a composite term derived from the Greek word bios (life)
and e-thike- (ethics). It can be defined as the systematic study of
human conduct in the area of the life sciences and health care, values
and principles.

Bioethics encompasses medical ethics and extends beyond it. Medical
ethics in its traditional meaning deals with values-related problems
that arise in the physician-patient relationship.

In this unit you will learn some concrete ethical and legal problems
such as:

Abortion.

Blood transfusion.

The child’s right to health care.

Implications of homicide, suicide, cannibalism for bioethics.

Gene Therapy.

Heart Transplanting.

Human’s right to refuse medical care.
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11.2.2

Medical Context of Abortion.

In medicine the induction of death in the fetus to save maternal life
has had a long tradition, ranging from the embryotomy for
cephalopelvic disproportion to the removal of pregnancies implanted
in sites other than uterus (ectopic pregnancies).Due to the present
experiences of disease especially of the lungs, heart and kidney, in
which it was thought appropriate to perform abortion for the
immediate relief of patients.

An ethos arose that proclaimed that parents should have the number
of children they desiord and at the time desired. Thus the procedure of
abortion, which originally was linked to the preservation of maternal
life and health, gradually changed to become a backstop to or an
alternative to other methods of family planning.

Ethical Consideration on abortion

The American College Obstericians and Gynecologist, in a policy
statement issued in 1976, take the view that abortion is a process of
separating conflicting parties and does not primarily aim at
destruction of the fetus directly. It therefore implies that interruption
of pregnancy should, in the choice  of methodology, maximise
survival chances of the fetus.

In America , unlike other developed countries courts of law have not
expressed an opinion on whether abortion is a process of separating
mother and fetus or whether it may guarantee death of the fetus,
whether necessary or not.

Activity11.1
What is bioethics?

Blood Transfusion

The process called blood transfusion is the introduction of whole
blood or blood derivatives directly into the body’s circulatory system.
Efforts to meet the demand for blood must deal with the constraint s
of short shortage life, safety limits for repeated donations, and
exclusion of some potential donors to protect recipients from blood
transmissible disease, notably serum hepatitis.
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Ethical Problems of Blood Transfusion
Transfusion of blood generates three sets of ethical problem:

a. Religion.
b. Cultural altitudes toward blood.
c. Social organisation for securing blood, and maintenance of

professional standards.

Confronted by cultural traditions not deeply recruitment programs
must often overcome beliefs about evil resulting from the drawing of
blood e.g. impotence, infertility, general weakness. Blood service
policies are thus drawn into large ethical issues of interracial justices
and equality.

On religious grounds, Jehovah’s Witness oppose any transfusion as
being a use of blood forbidden by God.

Children and Biomedicine

The recent trend in the United States is for increasing state
intervention on behalf of the child’s health. Status on child abuse,
now in effect in every state of the United States, encourages or
requires physicians and others to report. Suspicious to appropriate
authorities, with civil or criminal penalties for failing to do so. In
some jurisdictions a child may sue hi/her parent for a negligence tort.
While the limitations of substituted judgment by parents can be
argued in the traditional therapeutic setting.

Death: Homicide, Suicide, Cannibalism and War
Homicide

Within the society is, under one set of conditions or another, legally
prohibited everywhere. It has generally been considered justifiable for
husbands, in pre industrial societies to kill adulterous wives.
Categories of homicide vary with a society’s values and social
organisation.

The Tiv of Nigeria for example practice ‘ritual’ (to obtain anatomical
items for fetishes) murder of thieves, infanticide’, accidental” killing
(usually from poisoned arrows in communal hunts).

Suicide which occurs when a person takes his life as a form of
revenge on others is legally prohibited. Cannibalism and war are
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some form of killing which may spring from a number of motives
both aggressive and affectionate.

Implication for Bioethics

This unit article points up the need to consider the bioethics of death
in cross cultural perspective.

An anthropology view of the bioethics of death suggest that ethical
judgment of the attitude and actions regarding death on other societies
require ethnographic and essential framework in which to cope with
the ethical dilemmas that confront our own society.

Gene Therapy

Gene therapy refers to the future possibility of introducing new,
functional genetic information contained in molecules of DNA into
human cells with the intention of treating human genetic disease.
More generally, the art of healing, which is the primary aim of
medicine, has also been a major concern of religion and ethics. For
instance the western tradition demonstrates the case in both its major
sources: Among the Greeks, the Pythagoreans maintained an intimate
relationship among ethics, religion and health; the Hebrews
frequently conjoined salvation and healing.

Genetics and Law

Advances in reproductive technologies and the prevention and
treatment of hereditary disease and creating a human being either by
testube baby etc. raise questions basic to societal values, thus creating
a nexus between law and genetics. Since law in other countries e.g.
Nigerian on these subjects are scanty and difficult to access, this
discussion will be limited to American law, which is derived in part
from the English common law system.

Two landmarks decisions by U.S Supreme Court has increased the
genetic counselor’s flexibility in providing options to a family. That
parents who carried the gene for sickle-cell anemia, a hereditary
defect of red blood cells, were written into law in thirteen states. The
purpose of these laws was not to screen for disease, it was to warn
healthy people prone about their procreative risks.

Heart Transplant



Opposition to heart transplantation on expressly religious grounds is
typically in the United States and Europe.

The ethics of human experimentation, which continues to provoke
controversy, was an initial problem with cardiac transplantation.
Indeed early assessment of this procedure raised serious questions
about whether both donor and recipient are sufficiently protected.

11.2.9 Ethical Issues

Procurement remains one of the two most critical problems as viewed
by cardiac surgeons (Injection and infection together constitutes the
other). Several countries have encountered this problem; and in the
United States it is complicated by the fact that different states employ
different criteria-ranging from silence (which implies current medical
practice), yet there has been virtually no lay or scientific discussion of
the ethical, economic, or technical implications of this type of human
transplantation.

11.2.10 Human Right to Refuse Medical Care

11.3

Interventions by persons providing health care proceeds, as a general
matter, only upon the permission of the patient. The restatement of
what is usually called the doctrine of informed consent in terms of
right to refuse medical care has several significant consequences. The
fundamental objectives of the doctrine is to preserve an individuals
right to accept or decline proposed diagnosis, prevention, or therapy
as he or she chooses.

Despite the vigor with which the right is asserted, it may be qualified
by countervailing interest. Particularly when a refusal of treatment
seems likely to lead to a patient’s death, serious ethical and legal
doubts arise for commentators and decision makers alike.

It would be rather hollow to recognize a so-called right to decline
medical care and then to disallow its exercise when a patient feels so

strongly about the choices at issue that he or she is willing to risk
death.

Conclusion
In this unit, you learnt that bioethics via systematic study of human

conduct in the area of the life science and health care, values and
principle.
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Summary

In this unit you have studied the meaning of bioethics and some
concrete ethic and problems such as abortion, blood transfusion,
homicide gene therapy, heart transplanting and human right to refuse
medical care.

Tutor-Marked Assignments

* Discuss how you as a Science teacher will go about discouraging
the female students from carrying out abortion?

e Explain the justification for the knowledge of bioethics in
teaching STS at any educational level in Nigeria.
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UNIT 12

INFORMATION TECHNOLOGY

Introduction

This unit introduces you to Information Technology (IT). It
starts off with brief description of IT history of internet and its
operations. The unit also provides meanings to some Information
Technology terminologies.

Objectives

By the end of this unit, you will be able to:
Explain the meaning of information technology.
Trace the history of Internet and how it works.

Meaning of Information Technology (IT)

Information Technology (IT) is the wuse of computers and
Communication systems such as Internet (network of networks of
computers all over the world) and World Wide Web (WWW) (the
Internet in a linked multimedia form) to manage and share
information of an organization world wide. It is responsible for the
greatest technology revolution in world history. It is regularly used
for all sorts of critical applications such as playing traffic control in
crowded skyways, saving lives, flying aircraft, running nuclear power
stations, processing orders, controlling production or taking bookings,
enhancing education training, transferring vast sums of money and
controlling missile systems.

The Nature of Internet

Internet is the network of networks of computer all over the world and
everybody is freely exchanging information. Nobody knows exactly
how big the Internet is because it is a collection of 