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ABSTRACT

The devel opnent of understanding of the nature of
science is today considered a very inportant science
teaching aimin many parts of the viorld for severa
reasons. But, in Nigeria, this science teaching aimis
alnost totally neglected in science education, and there
has been no report of research into the |evel of
under standi ng of the nature of science in respect of any
popul ations in the N gerian educational scene.

In view of the foregoing, this study was desi gned
to provide information regardi ng understanding of the
nature of science anbng science and science education
undergraduates in a Nigerian university (Ahmadu Bello
Uni versity, Zaria), and graduate science teachers in
secondary schools and coll eges in Kaduna and Zari a,
Kaduna State, N geria. The follow ng ngjor findings
were obtained: (1) There were indications of the
exi stence of room for inprovenent in the general |evel
of understanding of the nature of science expressed by
t he popul ati ons studi ed. (2) There was a significant
difference (.05 level of confidence) in the |evel of

under st andi ng of the nature of science expressed by



sci ence education undergraduates and that expressed by
sci ence undergraduates, with the science education

under graduat es showi ng a better understanding of the
nature of science than the science undergraduates.

(3) Science undergraduates did not differ significantly
in their understanding of the nature of science as a
function of their subjects of specialization. (4) There
was a significant difference (.05 |evel of confidence)
in understandi ng of the nature of science as expressed
by graduate science teachers w th professional teaching
gualification and graduate science teachers w thout

prof essi onal teaching qualification, with the fornmer
showi ng a better understanding of the nature of science
than the latter. (5 No significant difference was
found in understanding of the nature of science as
expressed by graduate science teachers with |ong teaching
experi ence and graduate science teachers with short
teachi ng experience.

Many of the findings of this study led to the
suggestion that instructions in the philosophy of science
may be a good way of inproving understanding of the nature
of science, and that this could be particularly effective
during undergraduate training. It was al so suggested that
private reading as well as in-service training could be good
ways of inmproving understanding of the nature of science

anong practicing science teachers.
Y
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Chapter 1

STATEMEIIT OF PROBLEM

1.1 Introduction

It is common knowledge today that science and
technology now constitute an indispensable part of the
environment and culture of all peoples, This pressing
fact once led Fafunwa (1971:1) to sound the following
warning:

We are living in a world where science and
technology have become an integral part of the
world's culture and any country that overlooks
this significant truism does so at its own
peril.

In economic terms, the material wealth of a country
depends on the production of goods and services through
the co-ordinated use of the available supplies of human
skills, capital, land, and natural resources. Both
science and technology contribute immensely to these.
Mention any form of materiazl comfort today and its root
is traceable to science, Distance has been virtually

abolished, cognisance of events has become simultaneous

throughout the world, and in the words of Balfour (1946:1)



Science is the great instrument of social
change, and its silent appropriation of this
dominant function ---- is the most vital of all
the revolutions which have marked the development
of modern civilization.
The effects of science on human life and thought have
become so great, and are potentially so much greater that
those who have no understanding of them, and of the
science which produced them, cannot be considered
properly educated or truly cultured and therefore are
unable to participate fully in the life of their time.

How to gain advancement in science and technology
has become a vital goal of every sovereign nation as
well as a cause for much competition among the leading
nations. For example, the traumatic shock of Sputnik I
launched in 1957 by Russia left marks still visible today,
Determined never to be so humiliated again, the United
States of America reorganised its science education,
science funding and scientific research (Nigeria Standard,
Cctober 7, 1977:1). 5Such a measure has today led the
United States to the forefront in science and technology,
for she remains the first and only nation, as yet, to land
man on the moon and bring him safely back to earth.
Furthermore, many of the 52222'prizes awarded each year
for science and related fields continue to be won by °

citizens of this same nation. One may say therefore that

what has led that nation to her supreme position in



science and technology lies not in an overnight
importation of them, as is being attempted by
developing countries, but, rather, in their ability to
organise and give proper guidance to their science
education programs, science funding, and scientific
research.

Of these three measures, the ability to organise
and give prorer guidance to their science education
programs seems to be the most fundamental and most crucial,
particularly in terms of the long term effect. Science
education programs in the United States and many developed
countries today rest on the following threefold aims for
teaching science listed by The National Society for the
Study of Education in its 59th yearbook as cited by
MacKay (1971:57):

First to teach some facts and principles

of science; second te inculcate higher virtues,

such as accuracy, critical thinking, scientific

honesty and more generally scientific method;

and third to develop an understanding and

appreciation of science and scientists.

The third of these aims, which is concerned with
the development of an understanding of the nature of
science, has been described by Kimball (1967-68:110) as
one of the most commonly stated objectives for science

education., Saunders (1955:12) also referred to this aim

as "probably the most important purpose for science



teaching'. Concern for this 2im has been evidenced in
many countries as exemplified by the following instances

given by Mackay (1971:57):

The /fmerican ..ssociation for the Advancement
of Science has established a Commission on
Science Education with the stated purpose ''to
foster, in every way possible, scientific literacy
among the American people"., In England, the
Association of Science Education, in its policy
statement on Science and Education has stressed
the importance of developing an understanding of
the nature of science among school pupils, The
International Conference on the Education of
Professional Physicists included among its
recommendations that the development of this
objective '"should be given most serious consider-
ation in the modernization of physics education'.
The Organization for Economic Cooperation and
Development has stressed the importance of this
objective in its Policy for Science Education
drawn up at a seminar in Istanbul in 1961.

Furthermore, the literature is full with the
writings of leading scientists, science philosophers and
science educators who continue to stress that an
understanding of the nature of science is important for
several reasons, among which are the following:

1. It would enable citizens to be more capable of
making the rigpg decisions in terms of policies related
to science, On this general need for scientific literacy,

Conant (1951:1) once said:



It is important that 21l of us, whether we
be businessmen, teachers, lawyers or housewives
understand and appreciate the role of science in
modern life. OSuch broad understanding will help
us achieve spiritual harmony with our environment,
and exercise our duties as citizens in making
political decisions which more and more are
influenced by latest scientific discoveries.

2. An understanding of the true nature of science
would create in citizens an awareness of the fact that
certain liberal education values such as curiosity, honesty,
open-mindedness, objectivity, pursuit of truth, respect for
logic, among others, are characteristic of the "Spirit of
Science''., In realisation of the value of knowledge of this
spirit underlying science to citizens, the Educational
Policies Commission of the United States (1969:21) declared:

The profound changes men have wrought in the
world by their uses of science and technology have
been for better and for worse. But the spirit
underlying science is a highly desirable spirit.

It can enable entire peoples to use their minds

with breadth and dignity and with striking benefit

to their health and ctandard of living.

3. Knowledge of the nature of science is important
to scientists in that it serves as a foundation for
originality in scientific ideas by providing an awareness
of the professional techniques and ethics for practicing
real science. According to Weatherall (1968:vii):

That foundation is not any particular body

of factual knowledge but a way of thinking and

acting which together form the scientific

method. Gcience, in fact, is what scientists

do, Study of scientific method is the study of
how they do it, and is properly a branch of



psychology particularly important to all

practicing scientists and to anyone who is

interested in scientists and science.

4, A sound understanding of the nature of sciencee
is highly desirable on the part of science teachers
because in order to lead their students into realizing
this objective, teachers themselves would need to be
well-versed in these same tenets. Besides, teaching
students so that they can attain a better understanding of
the nature of science cannot be successfully done through
indoctrination, for the spirit of certainty upon which
indoctrination rests is contradictory to the spirit of
science (Educational Policies Commission, 1966:15-27).
Therefore, this objective calls for a careful planning
and integration of the processes of science into the
teaching activities and instructional programs. This

Places further value on knowledge of the nature of

science on the part of science teachers,

1.2 The Nigerian Scene
. As presénted above, the dgvelopment of an understand-
ing of the nature of science is today a highly reverred
aim of science teaching. But, in Nigeria, this foundation
aim of science te;phing appeaxrs to be almost totally
neglected in scieﬁéé.education. |
A review of science syllabuses, science textbooks,

and patterns of science examinations currently in use in



Nigerian Schools and colleges will clearly reveal the
almighty emphasis given to the teaching of facts and
principles of science. While there is no quarrel with
the teaching and learning of facts and principles of
science, 2 total emphacis on this aim at the expense of
other aims of science teaching reflects a seridus
imbalance in the science education program of a country.
Something must be done to arrest this situation and to put
Nigerian science education orn a firm philosophic foundation.
Many Nigerian science educators have become aware of
this problem, For instance, the Bcience Teachers
Association of Nigeria (1970) prepared a new syllabus for
integrated science which replaced the earlier general
sicience Syllabus. Based on this new integrated science
syllabus, Bajah, et al (1971), The Science Teachers
Association of IMigeria (1972) as well as Maxwell, et al
(1973) produced 4rtegrated science texts which are in
common use in the junior forms in Higerian Secondary
8chools today, Ihese texts are among Migeria's best
attempts to presehf a course in science that is reflective
of the nature of science, However, for suci: texts to be
fruitfully utilised, the teachers must be conversant with
hthe nature of science; It:was probably in realisation of
such bottlenecks that Adesoji (1976:36) pointed out that

"Te teach science well, it is necessary to know what



science is; what its purpose and meanings are, --=",
Moreover, since an understanding of the nature of science
is such a highly reverred science teaching a2im, provisions
for realising it should not be limited to only the junior
forms in the secondary schools, but should also pervade
all arms of our educationzl system. This calls for
investigations into the existing level of understanding
of the nature of science among the various school
populations to suggest possible corrective or improvement
measures where necessary. Unfortunztely, investigations
into the level of understanding of the nature of science
have not been reported in the HNigerian educational scene.
This research was born, therefore, out of the need to
provide information regarding understanding of the nature
of science among:

1. undergraduate science students training to
become future scientists and who would require such
knowledge as a foundation for the professional practice
of science;

2., undergraduate science education students
training to become future professional science teachers and
who would need such knowledge to be able to train their
Students;

3, Practicing graduate science teachers in secondary

schools and colleges who are supposed to teach their



students to achieve a better understanding of the nature .of
science.

1.3 Statement of the Problem

In the light of the above, this study was directed
to provide possible apswers to the following specific
questions:

1, what is the leyel of understanding of the
nature of science as expressed by science and science
education undergraduates, and graduate science teachers
in the populations studied?f  .. -

2., How does the level of understanding of the
'nature of science as expressed by science undexgraduates
éompare with that expressed by scienge education
undergraduates?

3. Do science undergraduates differ in their
.understanding of the nature of science as a function of
theirlsubjects of specialization?

4, Do graduate science teachers with professional
teaching qualification show a different understanding of
the nature of science from graduate science teachers
without professional teaching qualification?
~? ' 5. Do graduate science teachers with long teaching
.éxperience show a different understanding of the nature of
science from graduate science teachers with short teaching

experience?
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1.4 Hypotheses

The hypotheses tested in respect of the apcve
questions are given below. All hypotheses were stated
in the null form.

Question 1,

In the absence of a standard or norm for the
research instrument, no specific hypothesis was tested in
respect of this question., Only a general description of
the scores obtained on the instrument by the various groups
of subjects was used to indicate their level of understand-
ing of the nature of science. Such statistics as the
mean, range, variance, and standard deviation of subjects!
scores were computed for descriptive purposes.

Question 2.

Hypothesis: There 1is no significant difference
in the level of understanding of the nature of science as
expressed by science undergraduates and science education
undergraduates,

Question 3.

Hypothesis: Ocience undergraduates do not differ
significantly in thexr understanding of the nature of
science as a2 function of their subjects of specialization.
Question 4.

Hypothesis: Graduate science teachers with

Professional teaching qualification do not show a



1"

significant difference in understanding of the nature of
science from graduate scierce teachers without professional
teaching qualification.
Question 5. o L : :h o . .ﬁ.
Hypothesis: Graduate science.teachers with long
teaching experience do not show a significant diffexrence
in understanding the nature of science from graduate
science teachers with short teaching experience,

1.5 Significance of the Study

The findings of this research should be of specific
use to the FaCulties of Science and Education of Ahmadu
Bello University, Zaria, as well as to @ll those interested
in the education of scientists and science teachers in
the following ways:

Barlier research in this field compared graduate
scientists znd science teachers in terms of their
understanding of the nature of science (Welch and Pella
1967-68), (iimballl 1967-68) but did not compare future
scientists and science teachers in training at the under-
graduate level, -This latter dinformation would be
provided by the findings under guestion 2, where the
understanding of the nature of science expressed by
undergraduate scientists would be compared with that
Iexpressed by undergraduate science teachers. Findings

obtained just before the scientists —nd science teachers



go into their respective profession§ may Provide some ideas
about the degree to which preparation programs develop an
understanding of the natufe of science,

Although Kimball (1967-68:110) identified the need
to distinguish between professionally qualified science
teachers and non-professionally qualified science teachers
before relating teachers' understanding of the nature of
science to their training programs, there exists no
evidence in the literature to show that professionally
cualif ied science teachers show z different ungexstanding
of the nature of science from non-professionally gualified
science teachers. Such evidence may be provided by the
findings under question 4.

In his studies on scientists and science teachers,
Kimball (1967-68:114) found that experience may not be
significantly related to the concept of the nature of
science expressed by the population he studied. Kimball's
findings could be verified by the results undexr question 5,

1.6 Assumptions

In carrying out this study it has been assumed that:
(1) the concept of the nature of science held by an
individual (which to some extent is a matter of opinion) can
be reasonably measured;

{(2) the study samples adeguately represent the

12
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populations studied; (4) the responses of the subjects to
the items on the instrument are & true reflection of their
undexrstanding of the nature of science,

1.7 Definition of Terms

Some important terms used in this study recuire
operational definitions. The terms and their operational
definitions are presented below:

1., science undergraduates = university students reading for
the degree of bachelor of science in the Faculty of
Science of Ahmadu Bello University, Zaria. They take
more :science courses than science education
undergraduates but do not take any courses in education
in the Faculty of Education as the science education
undergraduates do, They are generally “trained as
future scientists, -

2, science education underéraduate§ = uniﬁérsity étudents
reading for the degree of Bachelor of Science (Education)
in the Faculty of Science and Faculty of Education of
Ahmadu Bello University, Zaria. They take less science
courses than science undergraduates in the Faculty of
Science, but toke courses in alucation in the Faculty of
Education which the science undergraduates in the
Faculty of Science do not. They are generally trained
as future professional science teachers,

3. biological sciences = common name used for bptany and



4,
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zoology, both of which are subjects of study for the
B.5c. degree in the Faculty of Scienc e of Ahmadu
Bello University, Zaria.

chemical sciences = common name used for Chemistry and
biochemistry, both of which are subjects of study for
the B.Sc. degree in the Faculty of Science of Ahmadu
Bello University, Zaria,

graduaté.sdience teachers = university graduates holding
at least a2 bachelor's degree with a major in science,
and who by the time of this study, were teaching any

of the Science.subjects {(chemistry, physics or biology)
in a secondary school or college,

graduate science teachers with professional teaching
qualification = graduate science teachers who passess

such degrees as B.S5c. (Ed), B.Ed., M.Bd (or equivalent),

+ Ph,D in EBducation (or equivalent), or Diploma in

Bl

Education (or egquivalent).

graduate science teachers withbut professional teaching
qualification = graduate science teachers who do not
possess any of the gualifications listed under Mo. 6
above,

graduate science teachers with long teaching experience

= graduate science teachers who have taught science for

a period of more than five years,

- graduate science teachers with short teaching




experience = graduate science teachers who have
taught science for a period of five years OX less,

1.8 Abbreviations

B.Ei. = Bachelor of Education

B.Sc. = Bachelor of Science

B.Sc.(Bd) = Bachelor of Science {Education)
M.Ed. = Master of Education

Ph.D. = Doctor of Philogophy

pip. Bd. = Dbiploma in Education
N.0.S$.8%. = Nature of Science Scale
5.P,I. = Science Process Inventory

T.0.U.5.. = Test on Understzanding Science

Bot,. Botany
Zoo. = Zoology
Bio. Seiences = Biological Sciences

Chem. Seiences = Chemical Sciences

Chem.. = Chemistry
Biochem. = Biochemistry
d.f. or v = degree of freedom

52 = Variance

§.D. = Standard deviation

1.9 Limitations of the Study

Being 2 thesis for a2 mastexs degree, this study was

15
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scheduled to be ccméleted within a limited period of time.
The fund available for the study was 2lso limited., In
view of these constraints of time and funds it was not
possible to study larger populszations than thoSe studied,
as would have been preferred,

Under these constraints it would also have been
extremely difficult, if not impossible, to develop a new

and better researxrch instrument than the one used.



Chapter 2
REVIEVW COF LITERATURE

The.réview of literature as repoxrtéd in this chapter
was designed to serve two major purposes, One is to
establish the theoretical background constituting the
nature of science. The second is to bring out current

research on understanding of the nature of science.
THE MATURE CF SCIENCE

The nature of science is SOmetﬁiﬁg that is quite
difficult to ascertain with exclusive precision in view of
the Qery comPlexity that characterises its conceptual and
operational fabrics., However, for the sake of this
research, certain major issues in the practice of science
have been selected and, in this section, efforts have been
made to establish the views held on such issues by
distinguished scientists, philosophers of science, and
science educators. o | |

2.1 Defining Geience

The conception of science as held by laymen, is
indeed highly amorphous. Among laymen, views of science
range from its personification as serious men in white

lab coats who hardly have any time for or interest in their

17
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wives and children. &Some regard it as the highest thing,
a heavenly goddess; to another it is a broductive and
proficient cow, who supplies him with butter., On TV, a
scientist may be a mad genius, ox an iron-willed and
bhard-driving researcher, and science is sbécé rockets,
computers and miracle coatings that make razor blades last
longer and cut closex (Roberts, 1969:3). Thus, the lay- f
nants view of science is often in terms of the scientists
who carry on.the process of science or the products of
their work as applied in various forms as technology.
However, the quest for & truer definition of science

must go far beyond thﬁseviews of science as held by the

layman. Most scientific writers and researchers
distinguish clearly between science and its application -
technology., Weaver (1969:3) spoke of science as follows:
Science is not technology, it is not
.gadgetry, it is not come mysterious cult, it
is not a great mechanical monster., Science
is an adventure of the human spirit. It is
essentially an artistic enterprise, stimulated
largely by disciplined imagination, and based
largely on faith in the reasonableness, order,
and beauty of the universe of which man is
part,
Weaver's definition applied to original science or '“pure
science as it is often called to distinguish it from
it's application in technology which is also often placed
under +the name of "applied science®. To further the

distinction between pure and applied science,
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Florey (1967:362) once said that pure scientists are those
who:
freely follow the diifts and logic of their

thoughts in trying to unrawel the details of

natural processes and states, while trying to

reduce them to wider and wider generalizations.
The applied scientists, he szid, were those who apply known
scientific principles to particular problems, although they
too often make striking additions to knowledge, and are
responsible for the production of many of the agreeable, as
well as some of the disagreeable things of life, It is
important, at this point, to make it clear, that, for the
sake of this research, emphasis has been placed on 'pure
science" as opposed to "applied science" or technology.
This distinction was necessary because even though there
is no fundamental distinction in the methods employed by
both, as Florey (1967:362) remarked, the practice of applied
science or technology is more goal-conscious as far as the
human community is concerned than that of pure science.

Toward the further definition of pure science (more
freely referred to in this paper as "science'") there exists
a rich contribution in scientific literature (both
educational and professional). On the educational sector,
the view of the UNESCCO Committee on "science-in-the-
pPrimary-school"™ (UNESCO, 1962:19) is particularly worth

noting. This committee wrote:



What is science then? It is a study of the
problems that are found wherever children live.
More formally stated, it is a study of the natural
environment - not merely pieces of Chemistry and
Physics a2nd Biology and Astronomy and Geology -
its content is connected with those subjects but
it is a study of problems that pop into curious
children's minds as they live and grow from one
day to the next, such as: what makes the wind
blow? What's a cloud? What's a stone made of 7
How can & seed grow into a tree? What makes a
rainbow? Anvone who has ever worked with
primary school girls and boys knows that most
of them are full of cuestions like this and
like to know the answers to them. Well,
finding the answers to such cuestions - that is
science,

This definition is closely in line with that given
by Weaver , quoted earlier, because it also places
emphasis on the "adventure of the human spirit". When
the children are so led into finding the answers to their
own cuestions, they would then be led also through the
various processes which characterise scientific practice.
So, these definitions seem to view science as an invest-
igation into nature, whetted by curiosity,

Further on the definition of science, Conant (1951:37)
had the following views:

As a first approximation we say that science
emerges from the other progressive activities of

man to the extent that new concepts arise from

experiments and obLservations and the new concepts

in turn lead to further experiments and

observations.

This definition introduces emphasis on the formation

of generalizations in the form of concepts, and, as euch
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concepts are fruitful of further experiments and
observations, presents the image of science as a
" continuous process.

In its own contribution the New Bneyclopacdla
Britannica (1975:382) defines science in the following

way:

The task of science is to explain actual
events, processes, or phenomena in nature; and
no system of theoretical ideas, technical terms,
and mathematical procedures - or mathematical
procedures alone-cualifies as scientific unless
it comes to grips with those empirical facts at
some point and in some way and helps to make
them more intelligible, K '

This definition emphasises the importance of direct
involvenent with the facts of nature in the practice of
science, by declaring all forms of armchair theorizing
which lacks a direct contact with the actual facts of
nature as *tnon-science,!

These definitions of science from different
sources encountered in the general scientific literature..
seem to suggest that science might well be defined as
follows:

An investigation into natural phenomena nourished
by curiosity; such investigation leading to the collection
and impartfal treztment of data about natural phenomena

with the aim of evolving meaningful generalizations that

could further lead to still more investigations.
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Generally, the first truths of science are assumed.
Such assumptions, or axioms, serve as basic beliefs which
all scientists accept and which provide a stepping stone
or foundation for all scientific progress. The Wisconsin
Departnent : of Public Instruction (Bulletin No.161:2)
made the following observations about the assumptions of
science:

Although there is no preponderance of
evidence that indicates the final proof of
assumptions, observable positive facts and
absence of negative evidence mzkes assumption
pessible. Thus, the very high credibility of
an assumption allows the scientist to use it
as a point of departure in his investigations.

If at any time evidence is presented that
indicates the assumpiions are false, they
must be revised and the investigations based

upon them redone,

The assumptions of science are as follows:
L

Reality. This aSSumption maintains thot everything that
exists does so In some measurable amoung zind is therefore
pPerceivable in oie foxm_or the other, For example, space
is real. Space is meszsurable znd exists in a three e
dimensional form namely, vertical, horizontal and depth.
To measure it, we need a reference point znd this is often
done in terms of distance in relction to ourselves and

other objects, Describihg the location of an olzject in

space requires the use of a lot of frames of reference.
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Time is also real: Scientists beliceve that time,
like space, has = limit only it has not yet been possible
with the available knowledge to estimate the limits precisely,
However, arbitrary limits or reference points are set to
work out periods of time, Time is zlso continuous and
irreversible, It exists in three dimensions namely,
past, present, and future,
| Matter is zlso real: Matter exists in time and
gpace znd can be identified in terms of how it affects our
senses, It is tangible, has weight and occupies space,
Matter can therefore be ovserved and can be measured by
same means,

consistency. There is consistency or uniformity in

the organisation of the universe and the events that occur
therein. Given the same conditions particalar events can
be repeated. One of the zims of science is to determine
the nature of this orderliness in nature., This is then
expressed in the form of scientific generzlizations or
laws or coi:cepts or even as mathematical principles.

Determinism or Causality. In nature nothing is

caused spontaneously without preceeding events. That
means every occurence in nature has a cause and science
aims at investigzsting the ultimate cause of all events.

To get to the ultimate.or initial cause is often rigorous,

and the effort is further complicated by the fact that a
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large number of events mightinpinge . on a particular

overt event. Further limitations in asserting causes

arise from inadequancies in the technicues and instruments

of measurement used. In investigaoting the possible causes

of events, a good scientist has to bear in mind that the
occurence of two evenis simultaneously does not

necessarily mean that both events are caused by the same

factor. 1In the scme vein, if one event precedes the other
it does not have to mean that the first event brings about
the second. | |

Comprehensibility. This assumption maintains that

men is capable of understandinca events that occur in the
universe, Man is also capeble of establishing the
relationship between events that occur in the universe,

Repeatability., In the conduct of scientific

investigations the use of the same method under the same
conditions and witly the same materisls should lead to the
same result. This situation has greatly contributed to
the advancement of science because it makes it possible for
the findings of one scientist to be subjected to verifying
tests by other scientists, therefore establishing the
crecibility of such findings.

Probability, Ocientists recognise the possibility

of error both in the conduct of investigations as well as

in the results obtsined, This is despite the faet that all
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efforts are made to avoid such error by ever increasing
the precision of their measuring instrument and taking of
necessary precautions to avoid personal bias of the
investigator in measurements, observations, and drawing of
conclusions from results obtained.

Tentativeness, All scientific findings are accepted

only on tentative basis until the discovery of better ideas.
In this regard even the most highly regarded scientific
concepis or laws today are not infallible in the eyes of
scientists, There is no such thing as a2 final truth as far
as science is concerned.

Contingency. Scientific statements or conclusions are

made only when all the assumptions hold true. When any
assumption is faulty, then the whole process has to be
repeated.

Such are the assumptions on which the entire
scientific enterprise is based. Remove any of them and
the foundation of science gives way. (Reed, 1976:Lectures).
(Wisconsin Dept of Public Instruction: Bulletin No,161)

2,3 Ethics of Science

Although there is no written code of conduct, there
are certain ethical considerations which are generally
recognised by scientists, /Among such ethical considerations

are the following:
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Empiricism, The empirical nature of science means

that in their investigatiors, scientists gather relevant
information based on actual observitions of phenomena.
Such observations could be direct or indirect and where
possible special techniques and relevant instrumentis are
generally used to enhance the accuracy of observations.
The empirical noture of science is one of the major causes
of the respect generally given to scientific knowledge.
Commenting on the importance of the empirical nature of
science, the Wisoonsin Department of Public Instruction
(Bulletin No,161:3) wrote: _ ' '
Empiricism is opposed to simple dependence
upon intuition and to the philosophies of total-
itarianism, rationazlism znd subjectivism. Pure
logical thinking will almost certainly yield a
~distorted view of the choracteristies and

redationships of the nztural world.

Openmindedness, 1t is of extreme importance that

scientists maintain an oper and objective mind both in the
Process of conducting their investigations as well as in
the reporting of their findings to the entire scientific
world, 1In the reporting of zn investigation, the author
is under an obligation to give duve credit to previous
work which he has drawn upoir and to anyone who has
assisted materially in the investigation. On the need to
eﬁsure.complefe honesty in scientific work Cramer {1896)

once said:



In the long run it pays the scientist to be
honest, not only by not making false statements,
but by giving full expression to facts that are
opposed to his views., Moral slovenliness is
visited with far severer penalties in the
scientific than in the business world.

On the need to show tolerance for and recognition of
scientifiec work carried out in countries other than theirs
Beveridge (1974:246) wrote:

Even in the scientific world, wnfortunately
one occasionally encounters national jealousies,
These are manifest by lack of appreciation or
acknowledgement of work done in other countries.
Not only is this to be deplored as 2 guite
indefensible breach of cthics and of the inter-
national spirit of science, but it rebounds on
the offenders, often to the detriment of themselves
and their country. The person failing to
apprecinte advances in science made elsewhere may
be left in the backwater he desexves, and he shows
himself 2 second-rate scientist. Among the great
majority of scientists there exists on
internztional freemasonry that is one of the main
reasons for faith in the futuvure of mankind, and
it is depressing to see this marred by petty
selfishness on the part of a few individuals,

Parsihong. Scientists'afe.generally agreed that
where several statements can be used to describe a
certsin phenomenon or to formulate a scientific concept,
that statement which a&counts for =211 ol.servztions in the
simplest manner is to be preferred. This principle which
is also sometimes referred to z2s "Occam's razor' is a
measure taken to avoid unwanted length and superfluous
statements in the reporting of scientific work. 1In the

presence of many theories explaining the same thing, the



one that does the explanation in the shortest or most precise
terms is to be chosen. In science, conscious efforts are
also always made to combine all possible events into the
smallest possible stotements and this latter is sometimes
referred to as “reductionism." (Reed, 1976: Lecture).

Immunity or Amorality. In the trve sense of it,

science is amoral, Thus the scientist pursues his work
toward a further comprehension of nature without owning
responsibility for whatever use the public decides to
make of his findings. However, many writers today are
making pronouncements which tend to cuestion the
appropriateness of allowing science to continue to enjoy
such immunity. They seem to argue that science should be
given definite directions or concentration to be determined
by the urgent demands of mzankind., A look through the
following lines creditable to Crowther (1967:4) will pass
some of this messzges
“hile the development and application of

science hag produced appalling weapons, it has

also stimulated the idea of &pplying science to

the management of human affzirs, so that they

should be conducted with maximum knowledge and

wisdom, This applies to science itself.

Science may be zpplied to the management of

science, 50 thot science may be of the maximum

benefit to mankind, and is not allowed to

become o menace.

Closely in line with the zbove views of Crowther is the
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following extract from the New BEncyclopaedia Britannica
{1975:375)
' o At the present time the intimate connegtion

of science with industry, defense, and pelitics

has rendered the idezl of pure science obsolete

and has confroi.ted society with the need for a

working conception of the natural world different

from the reductionist model of the physicist,
It was the view of other writers however that an attempt
to make all scientific research go the applied way would
vield dangexous results. For one thin:, such measure would
definitely lead to stagnation in knowledge of the universe
egbout which there is yet much to learn, and such stagnation
in scientific knowledge would boomerang to plague the
preferred applied research, For example, Weatherall
(1968:193) wrote:

+++» applied research is often held up for

lack of particul:or advances in ftpure! research, and

in practice some industrial organizations make

coneideraile contributions towards.basic research

as well as supporting investigations likely to be

of immediate commercizl value to themselves,

Relevancy. In his investigasions, the scientist works
with relevant questions and hypotheses., The questions
are formed on the basis of earlier observations and usually
Precede an zttempt to evaluate a situaiion or event., Such
questions, when precisely stated, serve as the problems to
be solved through the application of the other science

processes, The other science processes (discussed later)

should also be relevant to the problems being investigated



as delineated by the questions.

il

2,4 Methods of Sciesnce

In their bid to gain more understanding of nature
and to describe such understanding, scientists engage in
a lot of activities. 1In so doing, they resoxt to a
variety of methods of ihvestigation. What particular
method is to be used for a given investigation strictly
depends on the nature of such an investigation. This

means, therefore, that there is no single scientific method
which 21l seientists must honour in the conduct of their
investigations., What is generally referred to in some
texts as “the scientific method" is only an arbitrary
ordering of what scientists are known to do when making
investigations, It is neither followed strictly in that
order in actual scientific investigations nor are some of
the steps therein actuzlly honoured in certain types of
investigations. In this connection, Weatherall (1968:2-3)
wrote the following comment:

Scientists make discoveries in many ways,
according to the subject they are studying, the
means at their disposel, ond their individual
temperaments., Scientific method is a rather
simplified account of what goes on, or what
might go on, in the process of making
discoveries, A description of scientific
method is related to original research rather
as grammer i5 related to everyday language,
or even to poetry. Some sort of formal }
structure lies behind what is done and said
and written, but the most fruitful research,
like the most efficient communication or
attractive poetry, is often rather unmethodical

and apparently breaks as many rules as it keeps
to.
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2.5 Processes of Science

When carrying out scientific iﬁvestigations,
scientists engage& in several processes. The Wisconsin
Department of Public Instruction (Bullefin No., 161:7)
stated eleven m2jor science processes which wére also said
to include the great majority of student activities appropriate
for school experience, The processes wexe given as
observing; classifying; inferring; predicting; measuring;
communicating; interpreting data; making operational
definitions; formulating questions and hypotheses;
experimenting; formulating models,

A more detailed discussion of these science processes
is probably necessary for the sake of this research,

Observing, Cbservation is a process that is central

to all scientific activities, Being an attempt to
understand things, events, quantities, qualities or
relationships, observation may be made in a variety of ways
using direct or indirect methods. Because all scientifie
inferences are based upon observation, it is of great
"importance that observation should béf%recise as possible.
Whexever possible quantitdtive observations are made as a
way of improving upon precision, In making observations it
is usually important to watch out for unexpected occurences
because there -are abundant eoxamples of impoxtant scientific

discoveries which were made through accidental ox chance
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discovery of Fenicillin by Fleming. However it may be
noted that the need to increase precision by zutomatizing
observation tends to reduce the opportunities of chance
discoveries. For instarnce Crowther (1967:4) wrote this
comment :

~=== computer - controlled ecquipment has been
devised for examining and automatically analysing
the milliors of photographs of colliding particles
produced in the giant particle accelerators.
Visual examination by 2 team of men anrd women
would take years and would not be practicable.
But the automztic machine only records and
analyses what it is designed to do. It is
generally not 2ble, like the human observer, to
record what is not heinc looked for, and which
may be the rezlly new and important thing. Thus
this automatization of observation, achieved by
ingenious desion and construction may
contribute to overplanning.

Classifying. Classification is the scientific

Process of organising objects or phenomena unified by a
common attribute or properiy into certain useful groupings.
The process of classifieation is an artifice often
resorted to in order to simplify the a2pproach to a

given problem by narrowinc its broader elements and

ramif ications on the basis of categorical distinctions.
Thus, objects and evenis may be classified on the

basis of observztions into an established scheme. Such
classificational schemes have been described as arbitrary

and are imposed upon nature by the scientists for their
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own convenience particularly in storing and retrieving
information. (Kimball, 1967-68), (Winconsin Department of
Public Instruction, Bulletin No. 161:8). The process of
classification is widely used in science particularly in
the field of biological sciences.

Inferring. According to Wood (1966:420), inference

deriving
"is the process of VA propositions on the evidence of
other propositions whose truth is known to be established'.
Inference is thus strongly based on inductive and deductive
logic and is of the following two types:

(1) Deductive Inference, and (ii) Inductive
inference, According to Wood (1966:420) the method of
deduction as characterises deductive inference proceeds in
the following manner:

(1) The general principle or premise which
must be true, is stated; (2) A special case is
adduced as an instance of the general principle
(and hence must fall under the coverage of this
principle); (3) The inferemee, conclusion,
proof or demonstration results therefrom.

Thus, deductive inference involves reasoning from general
Premises to specific instances derived from such general
premises.

On the other hand, inductive inference involves
deriving general propositions from the evidence of specific

cases, and is therefore opposite to deductive inference.

The method of inductive inferenee was described by
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Wood {1966:420) as faollows: ' St
(1) Many pétticular instances with common

characteristics point to the formulation of certain
conclusions, in %the form. of general laws or
principles; (2) These characteristics must be
commen to all instances o¢nd, theoretically, an
infinite number of cases must be taken as examples
and proof; (3} Accordingly, in most cases under
this method of investigation, the conclusion drawn

is only a probahility, whose accuracy increases as

the number of cases represented increases,

" The drawing of inferences is a very important
science process particularly in the prediction of phenomena
and interpretation of data,

Prediciing.. One of the ultimate goals of science is
to be able to make vzlid predictions of naturxal phenomena,
Prediction is the formulation of an expected result based
on past experience., The reliability of a prediction varies
from event to event, while prediction itself is usually
based upon inference, The reliability of a prediction
could be verifled by use of appropriate experimental plans.

Measuring. The process of measurement is fundamental
to all secience activities. HMearly all scientific
experiments involve mezsuremsnt of one type or the other,
Measurement may be accomplished by the direet method which
involves compzring the attributes being measured with one
another, or by the indirect method which involves comparing

the attributes with arbitrary units. Usually zrbitzary

units of measurement are standardised in order to facilitate
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scientific communication, and a variety of such standard
units exist for many of the attributes mezsured in
scientific investigations.

Communicating., Scientists are bound by their own

ethical standards to communicate their research findings

té the.world body of scientists. Much of such communication
is done by publishing articles in relevant journals s¢ as to
enable other scientists to test cnd confirm validity of the
fincdings. Attempts to chezt or steal other people's ideas
without due acknowledgment are all deplored by the

scientific world. In oxder to provide for good communication
in science, accurate receords of o1l works done must be
carefully kept and prescrved so that other interested pawties
can refer to them. Normally, a report of scientific find-
ings in journals should contain enocugh descriptive
information on the procedures used to enable others to
replicate such experiments.

| Before an investigator sends out his results for
publication it is usually advisable for him to submit to
friends for ckiticism. According to Beveridge (1974:119)

"He is a bold man who submits his paper for publication
without it having first been put under tihe microscope of
friendly criticism by colleagues".

Interpreting data., Data interpretotion is a

pPrincipal component of every scientific investigation
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- because it is what gives meaning to facts, and it is such
meaning that is nost important to ti:e progress of science,
According to the Visconsin Department of Publie Instruction
(Bulletin No. 161:10):

Interpreting dapa reguires the application of
other basic process skillS =-== in particular, the
prxocesses of inferring, predicting, classifying and
communicating. It is through this complex process
that the usefulness of data is detexmined in
answering the guestion being investigated,
Interpretations are always subject to revision in
the light of new or more refined data,

Beveridge (1974:115-119) identified several possible
pitfalls in data interpretation which must be avoided.
These are summerised below,

1. %post hoc™, "ergoe propter hoc', that is, to
attribute a causal relationship between what has been done
and what follows, especially to conclude in the absence of
controls that the outcome has been influenced by some
interference.

2. Wrongly assuming that when an association
between two events is demonstrated, the relationship is
necessarily one of cause and effect.,

3, Attributing a causal role to a newly introduced
factor whereas, in fact, the cause lies in the withdrawal
of the factor which replaced it, )

4., Applying conclusions reached from experimentation

in one species to another species,



5., Fallure to realise that there may be several
- alternative causes of one process, . i'._. Sy,

6.. Drgwing conclusions abouf.the incidence 6f ésme
condition in a population after basing the observation on
a section of the population which is not representative of
the whole.

Making Operational definitions. COperational

definitions are important particularly as a means of

. facilitating communication about the phenomena investigated
as well as the materisls znd procedures of investigation,
Operational definitions are usually made as precisely as
possible, and where feasible mathematiczal relationships
could be used as a way of enhancing precision., Essentially,
operational definition means stating precisely the meaning
of important terms, materials and procedures of investigation
in the particular context in which they have been used, so
as to differentiate these from other similar phenomena. 1In
fact one may say that operational definitions help to mark
Jout the identity of an investigation more sharply.

Formulating gquestions and hypotheses; The formulation

of questions usually comes after preliminary observations,

while questions themselves come before the actual

- investigation of a phenomenon. {fuestions when properly

stated are supposed to be pointers to specific problems to

be solved,



The formulation of hypothesis on the other hand
depends directly uporn the research questions., The
Encyclopaedia Britannica (1969:997) described a hypothesis
as "something supposed ox tcken for granted with the objecf
of follawing out its consecuences,!' In carrying out
scientiric investiga=tions the scientist not only accumulates
facts btut also wants to discover the linkages between the
facts. To achieve this goal he works with a tentative
hypothesis. BSuch 2 hypothesis is usually made to £it in
with the existing body of doctrine in that field, and is so
framed that with its help the scientist can deduce that
under certain factuwal conditions (initial conditions)
certain other facts would be found if the hypothesis were
correct. When used in this way, as 1s often the case in
scientific investigations, the word "hypothesis'" could be
moare explicitly defined as follows (Webster, 1956);

A proposition, condition or principle which

is assumed, plerhaps without belief, in order to

draw out its logical conseruences, znd by this

method to test its accord with facts which are

known or may be determined.

The concepts involved in the hypothesié need not
themselves refer to the observable objects. But, the
initizal conditions should be able to Le observed, |

Hypotheses can be of several types, depending on
the nature of ithe research problem. For example:

(1) A hypothesis may assert that something is the



case in a given instance, that a particular object, person,
situation or event has a ccrtain characterxistic,

(2) A hypothesis may have to do with the frequency
of occurence or of association among variables. It may
thus state that something occurs a certain proportion of
the time, or that something is usually greater or less than

something else.

(3) Other hypotheses assert that a particular
characteristic oxr occurence is one of the factors which
determime another characteristic or occurence. Hypotheses
of this type are referred to as hypotheses of causal
relationship or simply as causal hypothesis,

Weatheral (1968:36) suggested that most hypotheses
involved one or more of:

simple logiczl relationships;

guantititative relationship;

spatial relationships;

generality;

simplicity.,

Still on the types of hypotheses, Conant (1951:105-106)

also wrote:



An hypothesis or conjecture may be on the
grand scale in which case we may designate it a
conceptual scheme. It may be fruitless and short-
lived as illustrated by Galileo's explanation of
the failure of water to rise more than thirty-four
feet in a 1lift lump .... It may be long-lived and
useful, as witness: the concept of the atmosphere
of Torricelli ....

On the importance of hypothesis formulation in

scientific investigations Cohen and Nagel (1934) wrote:

We cannot take a single step forward in any
inquiry unless we begin with a suggested explanation
or solution of the difficulty which originated it.
Such tentative explanations are suggested to us by
something in the subject matter and by our previous
knowledge, VWhen they are formulated as propositions,
they are called hypotheses.

hs a pointer to another aspect of the role of

hypothesis formulation in scientific reeearch one might

need to examine this comment by Cohen (1956:148)

There is ,.. no genuine progress in scientific
insight through the Paconian method of ag¢cumulating
empirical facts without hypotheses or znticipation of
nature, Without some guiding idea we do not know what
facts to gather. Without something to prove, we can
not determine what is relevent and what is irrelevant,

Experimenting. This process involves planning,

gathering data and testing hypothesis., All good experiments
are preceeded by an experimental plan which has been
carefully thought out. This thinking phase is important

breause the adequacy of testing of the consecuences deduced
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ffom the hypotheses depends on how suitable the
experimental design may be in testing what is to be tested.
All good experimental plans must contain adequate
provisions to ensure maximum control of unwanted variables.

Conant (1951:107) pointed out that in the process Qfl
experimentation there are many areas of difficulties which
must be recognized and provided for. Among these suggested
areas of difficulty are those sumarised below:

1. As there are always many vaxiables in one
experiment, failure to identify the significant variables
and control them within limits will vitiate the result.

2, Often it is not easy to answer a simple question
unambigquously by experiment, therefore, the researcher must
commit all of his ingenuitiy and tact to the planning and
execution of experiments.

| 3. Almost 211 experiments involve measurement. In
such experimenits, if the _rzsu;tgre to have significance,
the numerical values obtained must bear a certain relation
to accidental variations in the numbers,

4, Erroneous observations or interpretations of
experiments frecuently pexrsist znd confuse the development
of new concepts, In thic regard Beveridge (1974:23) had

the following to say:



As a corrective to any tendency to put
excessive faith in experimentation, it is as well
here to remind the rcader that experiments also can
at times be cuite misleading. The most common
cause of error is & mistake in technique. Reliance
cannot be placed on results unless the experimenter
is thoroughly competent and familiar with the
technical procedures he uses, Even in the expert's
hands technical metiiods have to be constantly
checked against lknown 'positive! and 'negative!
specimens,

Wood (1966:419) gave some advantages of the
experimental methoda of investigation as summcorised below:

1. It makes possible a more reliable analysis in
that, the observer may repeat the experiment over &nd over
again at will and thus greatly lessen the probzble error of
his determinations.

2., The investigetion may be more or less easily

and

divided into parts, thus facilitating the research/making
possible more accur:zte inference as to the connection
between various phases of the experiment.

3. The controlled investigation may be carried out
under - variety of conditions and circumstznces, each of
which may be importznt to a true undexstanding of the

problem,

Formulating models. Model:s are of so high

preponderance in science that it could be safely assumed
that much of science is concerned with the making of models,
Scientific models are of several types, the most notable

of which are given below:
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1. Theoretical Models: These zre devised on the
basis of acceptable hypotheses or hypotheses which are yet
to be tested, Theoreticzl models are used to describe and
explain the inter-~relationships of ideas, In many cases,
the model implies new hypotheses, and if the testing of
these hypotheses results in new informztion, the model must
be altered to include it. (VWisconsin Department of Public
Instruction, Bulletin No.161:12) |

2, Ikonic model: This is an immitation of the real
object in & three dimensionzl form, for exazmple, & solid
model of the human eye., (Reed, i976: Lecture)

3. Analogue model: It is a two dimensional model,
for example 2 map or a picture, " Analogue models can be
used to represent intangible entities, for example, the
‘representation of time" in graphs, or '"speed" or '‘force"
all of which could be represented with some space on a
piece of graph paper and relatedhto_other items in graphs.
(Reed, 1976: Lecture) o - o

4, 'Symbolic model: This is often é mathematidﬁl
representation of events which could be in the form of a

formula. For ewample, the fomula "V = & gt?

Tt isa
symbolic model used to describe the speed with which an
object falls. Such a model could be used under various

conditions and at.any time {Reed, 1976: Lecture)



2,6 Products of Science

In scientific cirecles the products of science are
considered to be ithe concepts (or principles or general-
izations) which have resulted from scientific investigetions.
Progress in science therefore is judged by scientists in
terms of how much growth has been zttained in the
accumul:-tion of scientific concepts, and not in terms of
materizl goods wiich: result from the zpplication of such
concepts. Conant (1951:35) wrote the following comment in
this raespect:

Indeed, to the non academic mind the word
progress as =pplied to man's activities

immedi:ztely evokes thoughts of synthetic drugs

cnd cars znd redios, not Newton's three laws

of motion or the cguantum theory or Einstein's

ecuation.... The difference between invention

znd scientific discovery may in a few instances

seem slight but a confusion between the history

of the practical arts and the development of

science is a fruitful source of misunderstanding

about science.

Science snd its ap-lication in industries, agriculture,
medicine, commerce, 2mong others, are closely knit and
symbiotic in nature, but still distinct.

In its continuous effort to gain more understanding
of natural phenomenz so as to be more capable of describing,
explaining and predicting such phenomena, science continues
to grow and enrich itself with the formation of more and

more concepts. Such science concepts 2re of three major

types:



45

Classificationzl concepts. These are concerned with

the description znd groupiang of objects, events and
phenomena in the universe. Classificational concepts
enable us to store fud retrieve knowledge obout nature.

Correlational Concents., These cxe concerned with

the establishment of the patterns of relationship that
exist between objects, events, znd phenomenz that occur in
nature. OCorrelational concepts enable us to explain the
continuity and causzlity of events and phenomena.

Theoretical Concepts. Theoretical concepts are

concerned with the building up of explaznations about nature
based upan available facts.

In its attempt to uncover the paftern of orderliness
in the affairs of nature, science can be szid to be on a
continuous search for the truth, Lut newer at any time
clziming discovery of ¢ final truth. So, science concepts
having been formed from fgcts are supposed to lead to the
collection of more facts abouvt nature., According to the
Wisconsin Department of Public Instruction (Bulletin
No, 161:7):

-=-=~ the conceptual structure of science

1s dynamiec rather than a static body of knowledge, .

Each concept hzs certain limitations depending an

the observations on which the concept is based and

the mental processes used to devise the concept.

The precision of the observztions determines the

validity of the concept 25 does the degree to

which the olservatiors represent all possible
observations. Each concept is restricted in its
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applicability since it may be used only in
situations similzr to those in which original
observationes were mace,

2.7 Relationship of Lclence Froducts and Processes

The products of science :nd the processes of
science are intimately related., Science concepts generally
arise from an intexrplzy of the various mental znd motor
processes of science given earlier in this chzpter, The
series of observations resulting from these processes lead
to the formulation of a science concept, After its
formulation te science concept generates further
investigations, thus necessitcting further use of the
scie.ce processes, The interrelationship is therefore a
continuous one whereby processes lead to concepts and
concepts lead to processes, OScience concepts are
inferred from observations, while the concepts are used
to predict similar occurences as a means of verifying the
usefulness of such concepts. (/isconsin Department of
Public Instruction, Bulletin No. 161:7)

2.8 Tactics znd Strategy in Scientific Research

A high gradgo controversy has always hung ovee how
the planning and organization of scientific research
should be handled., Extremists on one side of the matter
consider that all scientific research should be "planned"
in such a way that any research embarked upon has the

benefit of the society in mind in one way or the other.
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Such ones consider ''pure science' research an elegant and
time wasting amusement. ' The other extreme is occupied by
those who are of tire opinion that the researcher who is
organised becomes only z routine investigator because, with
the loss of intellectual freedom, originality cannot
flourish, Any thought of a possible comprdmise between
these two opposed views might first lezad through a
consideration of the following observations made by
Weatherall (1968:192).

Scientists are necrly all emnployed either

by universitics or by government depzrtments or

by industry, and the facilities which they need

are provided mainly by the body which employs

them, 'He who pzys the piper calls the tunet,

and even with the best principles of intellectual

freedom an employing body has in practice

considerable influence on what research can

actually be done, both by setting conditions of

employment and by providing, or not providing,

space, apparatus and assistance,

This view of Weatherall is widespread today, that is,
scientists cannot just embark on any type of research they
like, since their conditions of employment or otherwise are
such that their arezs of research concentration are
regulated from outside in one wzy or the other. Two very
important points need to be put forward in regard to this
influence of sponsoring agents on the research interest and
areas of concentration of research scientists:

{1) & total shift of research from 'pure science! to

tapplied science! by sponsoring bodies can have



a stagnating effect on progress in the favoured
applied science. This is beczuse applied science
depends ) .

research / largely on zdvances in pure science

reseaxrch for its own progress. (Weatherall, 1968:193).,
(2) Wehether it be in terms of "applied science'' or 'pure

science' there is 2 certain level of control or planning

which the sponsoring body can impose on the working

scientists, and suc” a2 level must not be exceeded if

they are to get the best out of the scientists.

In considering point (2) above Beveridge (1974:121)
broke up planning, as it affects scientific research, into
three level8 and made recommendations concerning who should
make the planning at each of three levels,

The first level, Beveridge ascribed to the "actual
conduct of an investigation by the worker engaged in the
problem.'" This level corresponds with "tactics in warfare';
is short tern, and seldom goes beyond the next experiment.
The investigation should at this level be left to the
person actually doing the research to work out his own
tactics as the investigation unfolds. This was recommended
very strongly on the grounds th:at the principal elements in
most researches are intensely individual efforts in:-
™(a) reeognising the unexpected discovery and following it
up, and, (b) concentrated prolonged mental effort resulting

in the birth of ideas.™
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The second level invelves ‘'planning further ahead on
broad lines and corresponds with strategy in warfare."
" Planning at this level, is not confined to the man engaged
in the problem, but is also often the concern of the
research director znd the technical committee., The
" principal function of the director in this case is to give
guidance to his team and to help when difficulties 2re met
in the conduct of the investi~ations. For the director of
research, the successes of those under his direction are a
meacure of his understanding of the nature of gcientific
investigation.

Finally, the third level, which Beveridge ascribed
“to the "Planning of Folicy'. This type of planning is
mostly done by a comnittee which decides what problems
should be investigated znd what projects or workers should
recejve. support., It would be dangerous” for a committee
- to attempt to plan investigations at the tactical level
because as reseazrch igs, for most workers, an individuaq-
istic thing, initiztive could be easily discouraged by too
much supervision, for & man would seldom put his whole
heart into 2 problem unless he felt that it was his own
(Beverdige, 1974:122). Further on the role of research

committees, Beveridge (1974:122) quoted Topley as follows:
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Committees are dangerous things th:ot need

most careful watching. I believe that a research

conmittee can do one useful thing znd one only. It

can find the workers best fitted to attack a

particular problem, bring them together, give them

the facilities they need, and leave them to get on
with the work. It can review progress from time

to time, 2nd mcke adjustments; but if it tries to

do more, it will do harm,

On the adviszbility, or otherwise, of the use of
teams of researchers in scientific investigations, one may
say that while te:ms could be vsed to advantzge in many
research ventures, this pr:ctice mzy not be regarder as
superior to individuzlls conducted investigations. In
fact, it is 2 generzl view that even where teams of workers
must be used, tne individuality of the workers should be
recognised znd provided for, This view was well expressed
in the following statement about the principle of team work
credited to Erlich by Beverdige (1974:124): “Centralisation
of investigeztion with independence of the individual®.

Many scientists hzve, in fazct, raised oiLjections against
team work, particularly on the grounds thzt those
discoveries which -rise from unexpected side issues will be
missed if the worker is not free to digress from his
investigation. For example, Fleming (1945:796) pointed

out that had he been working in a team he would not have

been able to drop what he was doing and follow the clue that

led to penicillin,
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2.9 The Mind of Scientists

Attempts have been m:de to describe the pattern in
which the mind of scientists operate. Often, such attempts
have resulted in the arbitrary division of scientists into
two types. However, it is the general feeling of scientists
that such a sharp division might not hold in 211 cases, and
that, rather, the mejority of scientists fzll somewhere

combining
between the two extremes, A many of the characteristics
of both.

Different words have been used by different scientists

arbitrary .
to describe the twic / * divisions of scientists with

regard to their pattern of thinking. For example,
Bancroft (1928:167) czlled zhetype the "guessers’ in the
sense that these ones mzke 2z shrewd judagemznt or hypothesis
in advance of the facts. They are thus szid to follow mainly
the deductive or Aristotlelian methods whereby they get¢ their
hypothesis first or ezrly in the investigation, and then
test it by experiment. The other type Bancroft called the
faccumulators' in the sense that they accumulate data until
the generalization or hypothesis is obvious. This group is
said to follow the inductive or Baconian method.

In agreement wiith Bancroftt*s classification was. that
by Henri Poincare - (1914) and Jaccues Hadamard (1945) who

classified mathematicians as either "intuitive" or "logieal"

according to whether they worked largely by intuitions or by
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gradual systematic steps. Deveridge (1974:148) however,
preferred to use the terminology '"speculative' and
“gystematic" as this £o him seemed ‘'the simplest way of
indicating the principal difference between the two types'.

Bancroft (192£:167) illustrzted the outlook of the
different types of scientists with the following examples:

fAmong the systematic type he named Kelvin and
Six. W, Hamilton whom he quoted as follows:

"Accurate and minute measurement seems to

the non-scientific imagination & less lofty and

dignified work than looking for something new,

vet nearly all the grandest discoveries are

made this way™.

"In physical sciences, the discovery

of new facts is open to any blockhead with

patiente and manual dexterity and acute

senses, '

This last statement is however in sharp contrast with the
following made by bDavy (Beveridge, 1974:149):

"I thank God I was not made 2 dextrous manipulator;

the most important of my discoveries have been

suggested to me by my failures."

The view that most mathematicians are the speculative
type receives support from the following remarks credited
to Newton, Whewell and Gauss respectively (Beveridge 1974:149)

"ITo great discovery is ever made without a bold guess"

"Advances in knowledge are not commonly made without

some boldness and licence in guessing."

"I have the result but I do not yet know how to get it."
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Most of the outstanding discoverers in bioclogy have
also been of the specuvlotive type. Huxley once wrote:

(Beveridge 1974:149)

"It is & popular delusion that the scientific
enquirer is under an ohligation not to go beyond
generalisation of observed facts ... but anyone who
is practically acquainted with scientific work is
aware that those who refuse to qo beyond the facts,
rarely get as far,"

Pasteur's views on this point were revealed in the
following comments credited to him oun different occasions:
(Bever idge 1974:149)

"If someone tells me that in making these
conclusions I have gone beyond the facts, I reply:

't is true that I have freely put myself among

ideas which cannot be rigorously proved. That is

my way of looking at things.'™ -

UOnly theory can bring forth and develop the spirit
of invention." _

It was the view of Beveridge (1974:150) that the
systemrtic type of scientizt is prBbably nmore suited to
developmental research and the speculative type to éxploratory
research; the former to team work and the latter either to
individual work or as leader in a team; the speculative and
systematic types represent extremes znd probably most

scientists combine some of the characteristics of both.

2,10 The Life of Scientists

As was pointed out in the introductior. to this paper,

laymen tend to regard scientists ns serious men in lab. coats
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who scargely have time for their own family. While things
need not of necescity be taken to this extreme, scientists
need to devote z good part of their time and life to the
practice of science, if they are to make any substantial
contribution to kpowledge,. A review of whzt noted
scientists have had to say on this point may provide same
illustration. Beveridge (1974:154) quoted W.B, Cannon on
the issue of the time factor and scientists as follows:

This time element is essential. The investigator
may be made to dwell in a garret, he may be forced to
live on crusts and wear dilapidated clothes, he may
be deprived of social recoqnition but if he has time,
he can steadfastly devote himself to research. Take
away his free itime and he is utterly destroyed as a
contributor to nowledge.

Platt ard Baker (1974:155) on the other hand suggested
that a researci: worker may have to choose between having a
reputation as being good natured and easily accessible to
visitors but mediocre, or, on the other hand, temperamental
but successful. That visitors to laboratories who are merely
scientific sightseers ought to be severely discouraged, but
most research workers are glad to make time to talk to
visitors who have & genuine and serious interest in their
work,

1

On the general disposition of sciéntists, Pavlov

(1936:36) wrote:

What can I wich to the youth of my country
who devote themselves to science? Firstly, graduclness,
About this most important condition of fruitful
scientific work I can never speak without emotion.
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Gradualness, gradualness, gradualness ,... never
begin the subsecuent without mastering the preceding
.eee But do not becoue the archivist of facts., Try
to penetrate the secret of their occurence, persist-
ently searching for the laws which qovern then.
Secondly, modesty . . . ¢d0 not zllow haughtiness to
take you in possession. DPue to that you will be
obstinate where it is necessary to agree, you will
refuse useful znd friendly help, you will lose your
objectiveness, Thirdly, passion. Remember that
science demands from a man all his life, If you
had two lives that would not be enough for you.

Be passionate in your work and your searching.

From these quotations it can De seen that most
scientists of the earlier days were devotees who could
hardly envisage any other sort of life commitment outside
of science. All their pleasure came from science. Demitri
Menceleev (1868) once said:

Knowing how contented, free and joyful is
life in the realm of science, one fervently wishes
that many would enter its portals,

Also Albert Einstein (1932) wrote:

Personally I am inclined to agree with
Schoepenhauver in thiiking that one o° the strongest
motives that lead people to give their lives to art
and science is the urge to flee from everyday life,
with its drat and deadly dullness, :=nd, thus, to
unshackle thc chains of one's own transient desires,
which supplant one another in an interminable
succession so loi:g as the mind iz fixed on the
horizon of daily environment.

While 2 sufficient amount of devotion to the practice
of science is still a necessity, and aesthetic gratification
in the realm of science as reflected by Mendeleev continues
to be enjoyed to this day by scientists, a more balanced view

of the life of scientists as perceived in modern times can be



56

felt in the folloﬁing comments by Beverdige {1974:151)

If one is willing to regard research as a
calling and to become what Einstein czlls a true
devotee, z1ll 10 t-e good, but there are plenty of
examples of great and successful scientists who
have not only lived normal family lives but have
managed also to find time for many outside interests.
Until recent times research was carried on only by
the devotees, becauvse the materizl rewards were so
poor, but nowadcys research has become a regular
profession. lowever, i1t cannot be conducted
successfully o a strict 9 a.m. to 5 p.un, basis and
some evening study is a practiczl necessity. One
needs to have a real interest in science and it
must be part of one's life and looked upon as a
pleasure and a hobby,

2.1i Summary

The nature of science as established in the foregding
discussions could be summarised as follows:

Science ﬁay be regarded as an investigation into
natural phenomena nourished by curiosity; such investigation
leading to the collection and impartial treatment of data
about naturzl phenomena with tihe aim of evolving meaningful
generalizations inat could further lead to more investigations,

) ) ragts
The practice of scienre 7

of . several assumptions
among which are a beliaf in tae reality, consistency,
causality and comprenensibility of natural phenomena, It is
also assumed in the practice of science that the processes
and products of the scientific enterprise are repeatable,
probable, tentative, and contingent,

Although there is no writton code of conduct, scientists

&

generally recognize the following ethical considerations:



empiricism of investigations, openmindedness, parsimony,
amorality of sciencs, and the need to work with rclevint
questions and hypotheses,

There is no one 'scientific method” which must be
honoured by 211 scientists in all investigations, What
particular method of investigation used depends on the
investigator and the nature of the investigation.

In the practice of science scientists use a variety
of processes among which are oﬁservinq, classifying,
inferring, predicting, measuring, communicating, interpreting
data, making operation:l definitions, formulating questions
and hypotheses, experimenting, apd formulating models.

In scientific circles the products of science are
considered to be the concepts (or principles or general-
izations) which have resulted from scientific investigations,
Progress in science is therefore judged by scientists in terms
of how much growth has been attained in the accumulation of
scient ific concepts, and not in terms of material goods which
result from the apnlication of such conez)ts,

There is an intimate relationship between the products
of science (concepts) and the processes of science, in that,
the processes lead to the formulation of concepts and the
concepts in turn lead to more investigations calling for
use of the processes. This is why science is regarded

as a continuous process,



Scientific research is for most workers an
individualistic thing and initiative can be easily
discouraged by too much supervision. Therefore even where
teams of researchers must be used, freedom of the individual
should be guaranteed as much 25 possible.

Organizations which sponsor scientific research .tend
to exert more than their fair share of control on the
purpose and plenning of research, preferring only that
research that is of immedi:ste benefit to man, However ,
scientific knowledge has attained its present status through
the amorality of scientific investigations, and, an erosion
of this amorality will consequently lead to a shortage in
the amount of scientific kniZIEdgeavailable to draw from
even where such knowledge is to be used for the benefit of
man. Funding of scientific research should therefore be
done with a broazd mind so that research geared purely toward
the advancement of knowledge should be given ecual recognition
as that which is to be of immediate use to man.

Some scientists use the deductive or Aristotlelian
way of thinking whereby they get their hypothesis first or
early in the investi- ation, and then test it by experiment;
others follow the inductive or Baconian method of thinking
by accumulating data until the generalization or hypothesis
is obvious, while the majority fali somewhere between the

two extremes, combining many of the characteristics of both,
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While scientific work dem:nds extra time from the
practitioner, it is not true to say that scientists cannot
live 2 normal life, because, there are plenty of examples
of great and successful scientists who have not only lived
normal family lives but have managed also to find time for
many outside interests.

UNDERETLIIDINIG THE NATURE OF SCIENCE - CQURRENT RESEARCH

In view of the recognition given to the development
of zn understanding of the nature of science as an important
2im of science teaching, much research has been carried out
in this field. Some weasured understanding of the nature of
science among different groups, others evaluated science
curricula in terms of how effiecient they were in leading to
the development of an understznding of the nature of science,
while a few sought to develop valid and reliable instruments

for measuring understancding of the nature of science.

2.11 lMeasuring Ynderstanding of the Nature of Science Among
Different Groups

In his studies on underst:nding of science, Miller
(1962:510-513) revealed that a "'sizeable group of high
school teachers had less understanding of science than their
students", even though the teachers' overall mean score wvas
higher than that of the students. The instrument he used
for this study was the Test on Understanding Science (TOUS)

developed by Cooley and Klopfer (1961).
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Schmidt (1967-1968: 365-366) replicated Miller's study and
drew the same conclusions as Miller, Like in Miller's study,
no levels of significance were reported for the observed
differences, He further observed that significant gains in
the understanding of science were mazde 2s sStudents progressed
through the science edncation secuence, and that working
scientists scored best on the TOUS; levels of significance
were not given though., He noted the neced to seek ways of
improving understanding of the scientific enterprise for

the in-service teacher and recommended experience in science
with scientists instead of more courses in science a2s a means
of improving understanding of the scientific enterprise for
the in-service teacher. Schmidt also pointed out the need
to enquire into how science teachers at all levels could
better convey their understanding of science to their
students,

Welch znd Pella (1967-68:64-68) developed an
instrument for inventorying knowledge of the processes of
science - the Ocience Process Inventory (SPI), While
seeking vzlidation informztion on this instrument, Welch
and Pella reported that the mean SPI score of a sample of
19 scientists was significantly higher than the mean SPI
score of & sample of 16 science teachers, while the mean
SP1 score of science teachers was significantly higher than

that of 1283 high school students. These results were in
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agreement with those that Schmidt and Miller reported.
Also in agreenent with Miller and Schmidt, the results of
Welch and Pella revealed that some high school_students
scored higher on SFI than some science téachers;'.ﬁome
science teachers &lso scored higher than some scientists.
The background cualificziions of the teachers and scientists
rel-tive to each other was, however, not stated.

Kimball (1967-68:110~120) observed that researchers
who had investigated understanding of the nature of
science amoni high school students had concluded that, for
whatever reason, /fmerican secondary school students
typically had not acruired a valid understanding of what
was meant by the natuvre of science, and that the inference
usually made was that science teachers were not teaching
the nature of science. Considering the fact that recommend-
ations from such studies usuzlly ce:tred on changes in
teacher education progrzas, Kimball compared three groups
of subjects, namely: properly ruzlified science teachers
who were the products of such training programs; professional
scientists with similar background in science as the
teachers; and philosophy majors, in termns of their
understanding of the nzture of science. Using the Hature
of Science Scale (NOGS) which was developed in the course
of the study as the mezsuring instrumént, and an overall

sample of about 419 scientists, 78 science teachers, and
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87 philosophy majors., Kimball reported findings which
could be summarised as follows: |

1, No significant difference wps found in the
nature of science corcept held by scientists and by gualified
 science teachers with similar academic backgrounds, although
in seven of the eight subgrouping bomparisons of teachers
and scientists, the teachers scored higher. 2. Neitherx
experieiice nor time since graduation may be significantly
relzted to the concept of the nature of science expressed
. by the population studied. 3. Philosophy majors had a
significantly better (,01 level of confidence) understanding
of the nature of science than the science majors (scientists
and science teachers). 4, No. significant difference was
observed between science teachers znd philosophy majors,
5. The profession:zl scilentist group scored lower than the
philosophy majors, at the .01 level of confidence.
6. Irrespective of school of graduation, the philosophy
majors had significantly higher test scores than did the
science majors. 7. o systematic difierences were
discovered between scientists znd science teachers when their
scores on individuzl items of the HO0SC were. compared.

in the concluding remarks Kimbzll noted that while
earliexr studies had found z severe deficiency among the

teachers and had recommended changes in science teacher
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‘education programs, it seemed {from Th2 findings), that if
deficiencies existed, they were at least egual for the
professional scientists, and that for gualified teachers
who were prepared with 2 major in science, the situation was
not so dark as had been reported elsewhere. It wis further
noted that i{ire sinnificcontly hicher scores of the philosophy
najors suggested thut one area of attention might be the
inclusion of the study of philosophy of science in the
undergraduate Preparztion of sclence mzjors in general and
prospective science teachers in particutar, With regard to
the apparent lack of chsnge in understanding of the nature
of science with teme or experience, he remarked that this
was another argument in favour of influencing students
during their undergraduaste years, since the concepf of the
nature of science was falrly well established by the time
of graduation from college. He also noted the possibility
of including worik toward betier understanding of the nature
of science in teacher in-serxvice training programs.

Broadhurst (1967:17-23) administered the TOUS, Form W,
to a group of 108 senior secondary-school chemistry students
and their teachers in non-departmentzl schools in Sydney and
reported that when the scores of 21l the pubils were compared
with a1l the teachers, the teachers' scores were

significantly better.
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2,12 Science Curricula and the Development of Understanding
of the Nature of Science

Much research has been carried out with the purpose of
evaluating various science curricula particularly in terms
of how efficient they were in leading to the development
of an understanding of the nature of science.

Mackay (1971:57-66) used Form W of the TOUS to
measure some of the changes that ocgured in students'!
understanding of the nature of science as they studied
integrated science courses in grades 7 to 10 in Victorian
high schools in Australia, A total of 1556 students were
tested on the first occasion which was at the beginning of
the 1968 school year, while 1203 students were tested on
the second occasion, which was at the end of the 1968
school year, Mackay reported that there was no improvement
in the probzbility of correctly answering items on TQUS
from first to second testing in respect of male students in
grade 8, 9 or 10, while there wzs an increase in the
probzbility of correctly =nswering TOUS items between the
first and second testing in respect of m:zles in grade 7
and females in grades 7, 8, 9, znd 10, She also reported
that the proportion of students correetly answering in the
grade 10 group was signiiicantly hi-her than for the grade
7 group on the mcjority of items, Mackay further identified

2 number of common deficiencies in students understanding of



the nature of science among which were a.”lack of
appreciatior®™ of the functions of scientific models; the
roles of theories and their relationship to research; the
distinctions between hypotheses, laws, and theories; the
difference between science znd technology.
Tamir (1972:239-245) used the SPI to evaluate the

level of understandine of the processes of science by
high school students exposecd to different science curricula
in Israel. Using a total sample of 3,500 students in
9th, 10th, 11ith, &nd 12th grades from all types of Israeli
high schools, Tamir established norms for these grades of
students in Israel with the SPI aé 2 measure of understanding
of the processes of science. Tamir alsc identified major
misconceptions of Israeli high school students regarding the
nature and processes of science, His studies further
revealed that students in occupational schools were at a
disadvsntage compared with students in other types of
schools regarding their understanding of the processes of
science, and notsd that this 'may e 2 result of the more
conventional nature of occupationzl schools which place
~high premium on stza:le factual knowledge,® Tamir aiso
- found that "BSCS biology as compared to CHEM Study chemistry

and PSGC physics had the greatest impact on understanding

the processes of science as measured by performaznce in SPI.M
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Seymour 2nd Sutman (1973:159-163) used the SPI to
evaluate a new clheunistry course guide developed for use in
the Philadelphies school district in terms of how much the
new course guide led to the realization of the objective
of a better understiznding of the processes of science,
Using 211 eleventh grade chemistry students :nd 2 matched
group of non-chemistry students in "two representative
comprehensive public high schools in Fhiladelphia' during
the 1969-70 school year as samples, Seymour and Sutman
reported that "the Guide and its implementation totally
failed to incroise students'! knowledge of the processes of
science,"

2,13 Instruments for Measuring Understanding of the Nature

From z1ll the zbove cited instances of current research
into understanding of the nature of science, it would be
noticed that three instrmments have been mentioned, namely:
1) The Test On Understanding Science (TOUS) developed by
Cooley and Klopfer (1961)
2) The Science Process Inventory (SPI) developed by Welch
and Pella (1967-68:64-68).
3) The Nature of Science Sczle (NO6S) developed by Kimball
(1967-68:110-120),

Of these three instruments, the TOUS was the

earliest and most popular in use, followed by the SPI.
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However, the NOSS was chosen for use in the present study
rather than the other two for the following reasons:

1. Many doubts have been expressed as to the validity and
reliability of the TOUS. (Ramsey and Howe, 1969:62-70),
(Welch, 1969:429-443), and (Tamir, 1972:239-245).

2. The NOSS has fewer items on it than the TOUS or SPI,
making for easier administration and scoring.

3. The NOSS seems to have been developed with a bias for
measuring understanding of the nature of science among
graduate level subjects, because, validity and reliability
information on NOSS were hased on pilot tests on graduate
level subjects. On this basis the NOSS may be more suitable
for measuring understanding of the nature of science among
graduate level subjects (as required by this study) than the
TOUS or SFPI.

4. The declarations which formed the model of the nature of
science on which the items on the NOSS were based (see
Chapter 3) showed agreement with the model of the nature of

science as drawn up in the literature review of this paper.



Chapter 3
DESIGN AND PROCEDURE

In this chapter the samples selected as well as the
procedure for their selection are discussed. Also the
research instrument used for this study is described and
its validity and reli2bility re-established. Finally, the
designs used for testing the null hypotheses arising from
the research questions as enumerated in chapter 1 are
presented.

3.1 Samples and their Selection

The study was carried out using two major groups of
subjects, namely (i) science, and science education
undergraduates in Ahmadu Bello University, Zaria, and
(ii) graduate science teachers in secondary schools and
colleges in Kaduna and Zaria, Samples were selected from
each major group as recuired by the study and in the manner
reported below.

(1) Science 2nd science education undergraduates.

One sample of science education undergraduates and two
samples of science undergraduates were obtained from the

Ahmadu Bello University, Zaria, made up of:

68
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27 students reading for the degree of B,Sc, (Education)
with Biology as the major teaching subject, and identified
as ''science education undergraduates'.

27 students reading for the degree of B.Sc. in the
biologiéal sciences (Botany, and Zoology), and identified
as "science undergraduates (bilological sciences)"

20 students reading for the degree of B.Sc. in the
chemical sciences (Chemistry, and Biochemistry) and
identified as "science undergraduates (chemical sciences)'.

As is the practice in Ahmadu Bello University, science
education undergraduates take many science courses togethexr
with the science undergraduates in the area of their major
teaching subjects, However, on the whole, the science
undergraduates who are trained as future scientists take
more science courses than the science education under-
graduates, while the latter who are trained as futuxe
professional science teachers take courses in education
which the science undergraduates do not., 1In all cases
the samples were obtained from among the Part Three
undergraduates who were in the second term of their final
year of their respective courses by the time of the study.
The samples were not extended to the first or second year
undergraduates because it was considered that only the
final year students would have benefitted nearly completely

from the instructional proarams of their respective courses,
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and would therefore make more suitable samples for the
interests of this study. ‘'‘he figures in the above samples
were arrived at after some stratification with regard to
the immediate population (the total number in class) from
which they were drawn. Thus, the figure for science
education undergraduates represents 7Q percent oi the

total number of students registered for the degree of

B.Sc. (Education) with Biology as the major teaching
subject. It may be noted that students with Chemistry as
the major teaching subject could not be included in this
sample of science education undergraduates because they
were too few to be properly utilised for the study. There
were no students at all with Physics as a major teaching
subject. In the case of science undergraduates (biological
sciences), 70 percent of the total number of students
registered for the degree of B.Sc, (Botany) were selected,
and 70 percent of the total number of students registered
for the degree of B.Sc. (Zoology) were selected. For
science undergraduates (chemical sciences), 70 percent of
the total number of students registered for the degree of
BsSc. (Chemistry) were selected, and 70 percent of total
number of students registered for the degree of B.Sc.
(Biochemistry) were selected. The details of this strategy

are presented in Table 1 below. 70 percent was used as the



sample size in order to include a reasonable proportion of
the students in the sample, and was maintained throughout

for the sake of uniformity.

Table 1

Summary of Samples Selected: Science and
Science Education Undergraduates

Science Under- Science Under-

Science
) » graduates graduates
Samples: gﬁscatlog (Bio. Sciences) (Chem.Sciences)
REGRI Bot. + Zoo Chem + Biochem
Total
number in
class o 39 25 + 13 13 + 15
70 percent
of total
number in
class = 27 18 + 9 9 4+ 11
Number

included in
sample = 27 27 20

T
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+. After the number of students to be included in the
study samples from ezch class had been determinced on the
70 percent criterion, the actunl selcection of individuals
was donc randomly. Each member of 2 class was assigned a
number, and starting from a randomly selected point in the
table of random numbers, (Kerlinger, 1973:714) individuals
whose numbers came up 1s progress wais made along the table
were included in the sample until the number of individuals
corrcesponding to that required by the 70 percent criterion
in respect of each class was obtained. The resanrch
instrument was then adminictycred to the randomly sclected o 5 ..
subjects by face contact, and on individual basis, cach
subjcct bcing given c¢nough timc to roespond to all items on

the instoumcnt.

(2) Graduntc Scicence teachers. Graduate science

teichers making cbout 55 purcent of the total staff

strength in tho tcicence subjoects were randomly sclected from
cach of nine institutions (sccondary and post sccondary)

in Kaduna and Zaria, Kidunna Stat., Nigerii. Sce Table 2.

In ¢ach institution, numburs were assigned to 2ll the science
staff available at the time of invo:atigation. Then,

starting from a randomly sclocted point in the table of
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random numbers (Kerlinger, 1973:714), graduatce science
teachers whose numbors came up as progress was made along
the table were included in the sample until the number of
graduate science tenchers in the sample was up to about
55 percent of 21l the science staff in each institution.
The actual number of graduate scicnce teachurs selected
from cach institution, 2nd thec corresponding scicnce staff
strength by the time of investigotion ar¢ shown in Table
2. below. The choice of the 55 purcent criterion was a
compromisc between adequate reprosent tion in the sample of
scicnce techers from c-ch institution ind mainageableness,
in the light of the constraints of time and fund 2s carlier
notcd in this paper.

The nine scecondary nnd post sccondary institutions
from which random samples of graduntce secience tuachers
were obtained were themscelves randomly selected from among
similw institutions in thc erca of investigation
(Kaduna and Zaria). The number of sclected institutions
was limited to nine out of about sixteen, nfter duc
consideration to limitations of time and funds.

The total number of tuachers in the randomly
sclectud sample was 74, The instrument wis then administered
to thc subjects and ench was given c¢nough time to respond

to 21l items on it.
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TABLE 2

Summary of Samples Selceccted:Graduate Scicnce

Tecachers

School Scicnce staff Numbcr
strength in sample

Rimi Cullege, Kaduna 11 6
Queen Amina College, Kakuri 7 4
Govt. Girls Sec. Schocl, Kawo 7 4
Federal Govt. College, Kaduna 9 5
Barewa Celluege, Zaria 11 6
Govt. .-Scce Schodl, Zaria City 11 6
Ke Co Ae 5. T., 2aria 20 11
Advanced Teachers College, <arin 20 11:
School of Basic Studics,
Ahmadu Bello University, Zaria 39 ey’

Total 138 74

The completed instrumoents were rearranged into two
groups 2ccording to whethoer the teachers posscessed a
professional teaching qualification. This information
along with some oth.r personnl information relevant to this
study had been sought in 2 separate questionnairce attached
to the instrumcnt. Sco Appendix B for 2 copy of the question=-

nairc.



75

With regard to professional teaching qualification
therefore the 74 graduate science teachers were regrouped
into: 28 tecachers with professional teaching qualification;

and 46 teachcrs without professional teaching qualification.

Another subgrouping of the graduate science teacheoers,
necessitated by one of the problems investigated in this
study, was into: graduate science teachers with long
teaching <xperience (morc than five years), and graduate
science tenchers with short toaching experience (five
years or less). In this regard the 74 graduate science
teachers werc regrouped into: 28 tenchers with short
teaching cexpericnce of five yenrs or less, and 46 science
teachers with long teaching expoericnce of more than five
yciwrs. The mean number of yoars of teaching experience
for thc short-expericnce teachers was 3.4 years, while
that for thc long-cxperience tenchoers was 42,8 years.

3.2 ; . The¢ Ruscarch Instrument

Due to thc inhercnt difficulty of instrumont
construction and the lack of timc nd funds to embark upon
such 2 project, 2 new instrument could not be constructed
for tho purposcs of this study. However, from the weview
of litcraturc an instrument considerced suitable for use in

this study wis discoverced 'nd adopted.
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Of thc threc instruments in common usc for this type of
study as revealed by the available literaturc, namely:

Test On Understanding Science (Cooley and Klopfer, 1961);
Solence Process Inventory (Welch and Pella, 1967-68:64-68);
and Naturc of Ocicnce senle (Kimball, 1967-68:110-120), the
Nature of science Scale (NOoS) was sclected for usc in this
study. The reasons for selocting the NOSS rather than the
other two were given under the litoeraturc review in

Chapter 2, The relevant portions of the account of the
development of the NO35 s roeported by the developer

(Kimbnll, 1967-68:110-120) arc presented below:

To provide a basis for group comparisons, a
theorcetical model of the nature of scicnce was
developed out of extensive study of the litcrnture
on the naturc and philoscphy of science, Its
function was to pruvide 2 comprehensive statement
against which to mcasurce deviations of opinion by
the subjoct groups studicd. The model was composed
of B assertions about important charncteristics of
scicnco. Whilce this modcel was only one of many
possibilitics, it was consistent in its agrampment
with viows cxprusscd by Conant and Bronowski; and
additional support for e ch 2sscrtion wis found
among the writings of »thur philosuphers of
sciences The declrntions forming the model are
stated in thoe following par :graphs:



(1) The fundamental driving force in science is
curiosity concerning the physical universe. It has no
connection with outcomes, applications, or uses aside
from the generation of new knowledge.

(2) In the search for knowledge, science is
process-oriented; it is a dynamic, on-going activity
rather than a stzatic 2ccumulation of information.

(3) In decling with knowledge =s it is developed
and manipulated, science aims at cver-increasing
comprehensiveness and simplification, emphzsising
mathematical language 2s the most precise and simplest
means of stating relationships.

(4) There is no one''scientific method" as often
described in school science textbooks. Rather, there are
as many methods of science as there are praoctitioners,

(5) The methods of science are characterised by a
few attributes which are more in the realm of values than
technicues, Among these traits of science are dependence
upon sense experience, insistence on operational definitions,
recognition of the azrbitrariness of definitions and schemes
of classification or organization, and the evaluation of
scientific work in terms of reproducibility and of usefulness
in furthering scientific inquiry.

(6) A basic characteristic of science is a faith in
the susceptibility of the physical universe to human ordering
and understanding.

(7) Science has a unique attribute of openness, both
openness of mind, allowing for willingness to change opinion
in the face of evidence, and openness of the realm of
investigation, unlimited by such factors as religion,
politics, or geography.

(8) Tentativeness and uncertainty mark all of
science, Nothing is ever completely proven in science, and
recognition of this fact is 2 guiding consideration of the
discipline.

LA B B BB I O A B B I

An initial pool of over 200 short statements about
the nature of science was prepared for use in the research
instrument, all of them based on the assertions in the model.
The first list was anclysed by a panel made up of 2



experienced science teachers, 2 school science supervisors,

3 science professors, and 2 professors of science education.
Items approved by the panel after several revisions were
arrapged in a pilot instrument. The pilot instrument was
administered to 54 subjects, 32 of whom held degrees in a
biological or physical science, and the rest of whom had
degrees in nonscience fields. Dats obtained from the pilet
test were used to select items that (1) had few neutral
responses; (2) showed agreement with the model, as judged

by at least 7 of the 9 judges on the panel; (3) discriminated
in favor of the science graduztes, as determined by a
weighting based on the phi coefficient; and (4) showed a
logical progression of weightings among the three choices,
without internal invexsions; .... The 31 items which survived
this selection process were organised into 2 second form of
the instrument.

This second form of the instrument was administered to
97 new subjects, about half of whom majored in science as
undergraduates., The split-half reliability for this form, as
corrected by the Spearman-Brown formula, was ,72, On the
basis of comparison of the top 27% and the bottom 27% in
total score, two items were discarded as not showing
sufficient discrimination, The remazining 29 items were
arranged in a Likert-type scale, which became the Nature
of Science Scale (NOSS), .... The scale was scored by
counting 2 points for each response in agreement with the
model, 1 péint for a neutral response, and O points for a
response opposite to the response predicted by the model,

Scoring the instrumert. The scoring pattern for items

on the NOSS as used by Kimbzll was "2 points for each
response in agreement with the model, 1 point for a

neutral response, znd O points for = response opposite to
the response predicted by the model'". But, the present
study noted the following reservations about such scoring
pattern:

(i) Awarding 1 point for z neutrzl response may lead to
awarding too many points to those who may be really ignorant

of the items,.
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(ii) Providing for 2 choice of neutral response would
encourage too niny respondents to this résponse. This
would have the serious disadvantage of lowering the
discriminzting power of the instrument.

Because of the above reservations it was decided
that for the s:ke of this study the items on the NOGCS would
be scored zs follows: 1 point for a response that agreed
with the model, and O points for a response opposite to
that predicted by the model. Thus, the respondents were
invited to indicate whether they "“agree' or "disagree!
with the items on the MOS5 with no obvious provision for
a neutral response. This measure was thought to be
capable of increasing or sharpeRing the discriminating
power of the instrument. A copy of the IICSS as used for
this study can be seen in Appendix B.

Re-establishing the validity of the instrument.

Despite the extensive measures taken by the developer of
the instrument to ensure its velidity, it was still
considered appropriate to attempt to re-establish the
validity of the instrument in the lligerizn setting,
particularly in its 2bility to discriminate between groups
of varying competency in understanding of the nature of
science, Fox (1969:377) considered it a "cxitical"
requirement that a research instrument should be sensitive

enough to make the discriminations recuired for the



research problem, It may be noted that while this desired
characteristic of on instrument (the ability to discriminate
between groups of varying competency in the property being
measured) was classified as "Sensitivity" by Fox (1969:377),
Welch and FPella (1967-68:66) classfied it under "construct
validity".

In order to validate the NCSS in terms of its ability
to discriminate between groups of varying competency in
understanding of the nature of science it was predicted that
a group of science tcachers would score better on the
NOGS than their own students as was estazblished by earlier
workers using relzted instruments (Miller, 1963:510-513),
(Schmidt, 1966-67:365-266), (Broadhurst, 1967:17-23),

(Welch and Pella, 1967-68:64~68)., Insofar as this prediction
was borne out, the validity of the NCS5 would be supported,
but if it failed to be verified, then doubt would be cast on
the validity of the NCSS, the theorizing, or both. It may
be noted that an approach similar to this was used by Welch
and Pella (1967-68:64-68) in validating the SFI.

To test the above prediction, the following null
hypothesis was investigoted: fhere is no significant
difference in the NOGS szoregf science teachers in the
School of Basic Studies (S.B.S) of Ahmadu Bello University,
Zaria, and the NOSS scores of their own students. The

samples used to test this null hypothesis were obtained as
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follows:
‘ About 55 percent of zll graduate science teachers

employed )
/ to teach physics, c¢hemistry, and biology in the

School of Basic Studies of Ahmadu Bello University, Zaria,
were selected randomly, using a table of random numbers,
This gave 21 science teachers in the sample. Also about

55 percent of the students registered for courses in
pnysics, ¢hemistry, and bPiology in the School of Basic
Studies of Ahmadu Bello University, Zaria, were selected
randomly, using a table of random numbers. This gave 55
students in the sample, The table of random numbers was
used in each case by assigning random numbers from such
table (Kerlinger, 1973:714) to (1) all the graduate science
teaéhers, and (2) all the science students reg istered for
courses in physics, chemistry, and biology, in the School,
at the time of investigation. In each case, by starting
with a randomly selected point in the table of random
numbers, subjects whose numbers came up as progress was made
along the table were included in the sample until the

number of subjects corresponding to the 55 percent criterion
was obtained in respect of each sample. The 55 percent
criterion was used zs 2 compromise between adequate represent-
ation and managezbleness, in the light of the limitations of
time and funds as earlier noted. The NOSC was then

administered to all the subjects in the samples in February,



1978, and each subject was given enough time to respond to
all items on it, When all subjects had responded, their
responses were scored by awarding 1 point for a response
that agreed with the model answer, and O point for a
response opposite to that predicted by the model answer.
Thus, the maximum possible points = 29, and minimum = O,
The scores were treated statistically and produced the
results shown in Table 3, For details of raw scores see

Tables Al and A2 of Appendix A.

Table 3

Results of NOSS Validation Test: Contrasted Groups of S,.B,S,
Students and Teachers

S5.B.S, Students S5.B.5, Teachers
N = 55 21
Range = 3-14 7-17
Mean = 8,84 11,62
Variance = 5,07 8.55
S.D. = 2,25 2.92

The difference between the scores of the two
samples was then tested for statistical significance
using the one~way analysis of variance (two groups). But

before then the assumption of equal variance of the scores



in the populations from which the samples were taken had to
be ascertained. This was done by computing the variance
ratio from the best estimates of the population variances
with the formula:

2
F = 51

2
S,

where Sl2 = larger variance (teachers'), and 522 = smaller
variance (students'). Both variances iﬁ::; the best
estimates of their respective population variances, having
been obtained by dividing the sums of squares by their
respective degrees of freedom (Mulhodland and Jones,
1968:203).

As obtained from the above formula, F = 1,6864, while
F required for significance at the .05 level should be
greater than 1,7480. Therefore 1,6864 was not significantly
large, and the assumption of equal variance in both
populations was accepted,

The one-way analysis of variance (two groups) was
then computed to test the hypothesis: there is no
significant difference in the NOSS scores of the sample of
S.B.5. science teachers and the NOJS scores of the sample
of their own students, The results of this analysis are

shown in Table 4, Alpha level = ,01.
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Talle 4

Results of NOSS Validation Test: fnalysis of
Variance Among Scores of Contrasted Groups
of S.B.5. Students and Teachers

Source of Sum of ar

Varionce Squares Mean Square r
Between 117.71 1 117.71 19.59%
groups . .
Within -
gr oups 444,45 74 6.01

TOTAL 562,16 75

The F ratio of 19.59 w&s considered signif icant in that
the probability of chance occurence of the values was
less than the critical level of ,01. Thexefore the null.
hypothesis was rejected in favour of the alternative
hypothesis, that is, there is =z significant difference in
the NOSS scores of the sample of S.B.S8. Science teachers
and the zample of their own students. The teachers, by
having & higher meanscore than the students, (see Table
3 page @2 ) have 2lso shown a better wunderstanding of the
nature of science, as measured by the N0OSS, than their
students, By ils ability to so diseriminzte between
groups of varyh'yg: competency in undexrstanding of the

nature of science znd in the ewuwpecied direction, evidence
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has been produced in support of the validity of the NOSS
instrument by use of Nigerian samples.

- Re-establishing the reliability of the instrument.

It was considered necessary to re-establish the reliability
of the NOSS as used in this study and in the Nigerian
setting., The NOSS scores of the sample of 21 graduate
science teachers in the School of Basic Studies of

Ahmadu Bello University which were used to re-~establish
the validity of the NOSS, wexe also used to compute the

- split-half reliability of the NCSS. The product-moment
correlation coefficient between the odd and even scores

was 60mputed using the following formula:
T ’2-%‘21 (Meyer, 1966:355)

r as obtained in above formula = ,60.

_ This was then adjusted by the Spearman~Brown formulas
2r
1l +r

rf =

to give an estimated Speaxmaﬁ-Br;wn reliability of the whdle
instrument as .75 :

Since onet's concept of the nature of science as measured by
the NOSS is to a large extent a matter of opinion, the
Spearman-Brown reliability of .75 obtazined for the NOSS as
used in this study is acceptable., (Fox, 1969:362)., It may
be interesting to note that this figure is even slightly

greater than the figure of .72 obtained by
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Kimball (1967-68:112) during the development of the
instrument.

Admihistering the instrument, Having obtained the

research samples as described earlier in this chapter, the
research instrument was then administered to all subjects
in the period of February to March, 1978, by face contact,
and on individual basis., All subjects were given enough
time to respond to each item on the instrument, and, after
which, they were collected. The responses of all subjects
were then scored on the basis of 1 point for any response
in agreement with that suggested by the model response, and
0 point for a response opposite to that suggested by the
model response, Scores were then summed up for each
subject on a 29-point maximum znd O-point minimum basis and
recorded for all subjects in each sample in appropriate
tables as shown in Appendix A, in readiness for further
analysis,

3.3 Designs for Testing Hypotheses

In the statement of problem, specific questions were
identified for investigation by this study. These
questions are re-stated below with the null hypothesis tested
in respect of each question. The designs used for testing
each hypothesis is also described,
Question 1: What is the level of understanding of the

nature of science as expressed by science and science
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education undergraduates, -nd graduate science teachers in
the populations studied?

In the absence of any norm for the research instrument,
no specific hypothesis was tested in respect of this
question, Only a general description of the NOS5S scores of
the various groups of subjects have been used to indicate
their level of understanding of the nature of science. Such
statistics as the mean, range, variance, and standard
deviation of the subjects! NOSS scores were computed for
descriptive purposes, The samples of Science and science
education undergraduates were considered in their separate
groups namely:

science education undergraduates,

science undergraduates (biological sciences)

science undergraduates (chemical sciences)

The entire sample of graduate science teachers was considered
in two separate groups for cuestion 1, namely: graduate
science teachers with professional teaching cualification,
and graduate science teachers without professional teaching
qualification.

In order to identify the frecuency of correct responses
to the individual items on the NOS55, a table (Table A.8 of
Appendix A) was g:::gqup to show the percentage of subjects
in each sample whose responses were in agreement with those

suggesied by the model for each item.
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Furthermore, those items which elicited a low
percentage of correct responses (from less than 40 percent
of subjects in all samples )vere specifically identified and
recorded,
fuestion 2:

How does the level of understanding of the nature of
science as expressed by science undergraduates compare with
that expressed by science education undergraduates?
Hypothesis:

There is no significant difference in the level of
understanding of the nature of science as expressed by
science undergrzduates and science education undergraduates,
Design:

Using the NOSS scores of subjects as their expression
of understanding of the nature of science, a one-way
analysis of variamce (two groups) was used to compare the
samples of undergraduates as followsSsg<+
1. science education undergraduates versus science under-
graduates (biological sciences); 2, science educztion
undergraduates versus science undergraduates (chemical
sciences). The results of the above comparisons were used
to draw conclusions for the null hypothesis under question

2.
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Question 3:

Do science undergraduates differ in their understanding
of the nature of science as a function of their subjects of
specialization?

Hypothesis:

Science undergraduates do not differ significantly in
their understanding of the nature of science as a2 function
of their subjects of specialization.

Design:

To test this hypothesis, the NOGS scores of the
sample of science undergraduates (biological sciences) wexc
compared with the NOSC scores of the sample of science
undergraduates (chemical sciences), using the one-way
analysis of variance (two groups).

Question 4:

Do graduzte science teachers with professional
teaching cqualification show a different understanding of
the nature of science from graduate science tezchers
without professional teaching qualification?

Hypothesis:

Graduate science teachers with professional teaching
qualification do not show a significant difference in
understanding the nsture. of science from graduate science

teachers without professional teaching cualification.



Design:

Using the NOCS scores of subjects as a measure of
their understanding of the nature of Science, a one-way
analysis of variance (two groups) was used to compare the
NOSS scores of graduate science teachers with professional
teaching qualification and the IIOSS scores of graduate
science teachers without professional teaching qualification
as a test of the hypothesis under question 4 above,
Question 5:

Do graduate science teachers with long teaching
experience show a different understanding of the nature of
science from graduate science teachers with short teaching
experience?

Hypothesis:

Graduate science teachers with long teaching
experience do not show significant difference in
understanding of the nature of science from graduate
science teachers with short teaching experience,

Design:

To test this hypothesis, the NOSS scores of the
sample of graduate science teachers with long teaching
experience (more than five years) was compared with the
NOSS scores of the sample of graduate science teachers with

short teaching experience (five years or less), using the
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one-way analysis of variance (two groups).

In using the analysis of variance technique to test
the null hypotheses as indicated in all cases above, the
following assumptions were made:

1. That the samples were random samples from
normal distributions.

2. That the normal populations all have equal
variances,

With regard to assumption 1., 211 the samples used
for this study were random samples, while the normality of
distributions was assumed,.

With regard to assumption 2., the ecguality of
variances of populations was tested in all cases of paired

questions

comparisons under / 2-5, 1In each case this was done

by camputing the variance ratio from the following formula:

(Mylholland and Jones, 1968 :203)

‘g

where in each case 512 = larger variance and 522 = smaller
variance. Both variances being the best sample estimates
of their respective population variances, having been
obtained by dividing the sums of squares by their
respective degrees of freedom (N-~1) rather than by N.
Using an alé% level of ,05 it was establised that in all

cases the estimated population variances for each pair of
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samples compared by the apnalysis of variance technique were
not significantly diffexent, {(The actual figures for the
variance ratios are given in chapter 4).

The procedures for the onee-way analysis of variance
(two groups) as used In this reseaxrch were taken frcm.
Kerlinger (1973:224-226). It may be naoted here that the
simple one-way analysis of wvarisnce (two groups) had been
used in preference to other methods involving three or
more groups or a multivariate analysis because of the
nature of the hypotheses and the study samples, In all
cases an alpha level of .05 was used to accept or reject
the null hypotheses. |

Statistics such as the mean, range, variance, and
standard deviation were computed by use of the usual
formulae in statistics texts.

. £x

Mean = == {after Hayslett, 1967:17)

2)2. . !ZX'z (Aftex: Hayslett, 1967:34)
N and

Variance = ) _
: N -1 (Gregory ot al,19069:17-19)

Standard deviation =  Varlance

All computations wexe done with a desk calculator,



Chapter 4

DATA ANALYSIS AND RESULTS

In this chapter the data in the form of NOSS
scores of subjects were analysed to test appropriate
hypotheses as set out in Chapter 3., The results of such
analysis in relation to the hypothesis tested in each
case are pointed out.

Question 1

What is the level of understanding of the nature
of science as expressed by Science and Science Education
undergraduates, and graduate science teachers in the
populations studied?

As was pointed out in the design in Chapter 3,
no particular hypothesis was teéted in respect of this
research question. Only a general description of the NOSS
scores of the various groups of subjects was used to
indicate their level of understanding of the nature of
science. Such stotistiecs as the mean, range, variance,
and standard deviation of the subjects!'! NOGS scores were
computed for descriptive purposes. The computation was
done with the aid of formulae as earlier. stated in the
designs in Chapter 3. Tables 5 and 6 show these statistics
as computed from the NOGS sSscores of the various samples.

The actual scores or raw scores can be seen in Tables A3-A7

)



of Appendix A.

Table 5

NOSS Test Results: Science and Science
Education Undergraduates

Science Bduc- g ;.00 Undergrad. Science Undergrad.

Samples: Sg;iggrad (Biol. Sciences) (Chem. Sciences)
N = 27 27 20
Range = 8-15 4=13 6-15
Mean = 11.26 9.89 9.60
Variance = 4,12 6.56 4,46
$.D. = 2.03 2.56 2+11

Considering that the NOSS was scored on a 29-point
maximum basis, it follows that if expressed in percentages,
the range of scores in respect of the various samples in
Table 5 above would be:
science education undergraduates = 28% - 52%
science undergraduates (biological sciences) = 14% - 45%
science undergraduates (chemicazl sciences) = 21% - 52%

Also the mean scores would be:
science e@iucation undergraduates = 38,8%

Science undergraduates (biological sciences) = 34,1%

Science undergraduates (chemical Sciences) = 33,1%
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It may be observed here that the lack of a standard
or norm against which to judge the NOSS scores of the
subjects made it impracticable to evolve categorical
statements about the adequacy of the subjects' understanding
of the nature of science as reflected in their NOG5 scores
above, However, it may be noted that the mean NOSS score
did not reach the 40 percent mark in respect of any of the
samples,

The NOSS test results of the samples of graduate
science teachers are presented in Table 6 in respect of
graduate science teachers with professional teaching
qualification, and graduate science teachers without

professional teaching qualification.

Table 6

NOSS Test Results: Graduate Science Teachers

Teachers with Teachers without
Samples: Professional Professional
Qualification ualification

N = 28 46
Range = 7-17 6-16
Mean = 11.43 10,13
Variance = 7 .66 6.20

S.D. = 277 2.49




Since the NOSS was scored on a 29-point maximum
basis it follows that if expressed in percentages, the
range of NOSS scores of the samples of graduate science
teachers as in Table 6 above would be as follows:
Teachers with professional teaching cualification =

24% - 59%

Teachers without professional teaching qualification =
21% - 55% and the meap scores as follows:

Teachers with professional teaching qualification = 39.4%
Teachers without professional teaching qualification =
34.,.9%

As was pointed out in the case of the undergraduates,
the lack of a standard or norm against which to judge the
NOSS scores of the subjects had made it difficult to make
any categorical stztements about the adequacy of the
teachers'understanding of the nature of science as
indicated by their NOZS scores. It may be interesting,
however, ,to point out that like the undergraduates, the
teachers' mean NOSS scores did not reach the 40 percent
mark in respect of any of the samples. The rather low
level of mean scores (less than 40 percent) in respect
of all samples (undergraduates and graduates) may be
indicative of 2 low level of understanding of the nature

of science by the populations studied,



Toward a further description of the level of
understanding of the nature of science as expresSed by
the various subjects, the percentage of subjects in each
sample who gave correct responses to each of the items on
the NOSS were camputed (See Table AB of Appendix A). Using
this information, those items which elicited a low level
of correet response from subjects in all the samples were
identified. Thus, it was discovered that for twelve of
the 29 items on the NOSS, less than 40 percent of the
subjects in each sample were able to give correat responses
as suggested by the model answers. The twelve items were:
1, 3, 4, 5, 7, 8, 13, 20, 21, 23, 24, and 29. The wordings
of these items and the corresponding model responses are
presented in Table A9 of Appendix A, -
fluestion 2:
| How does the level of understanding of the nature of
science as expressed by science undergraduates compare with
that expressed by science educction undergraduates?
in the procesz of answering this question, the
following null hypothesis was tested: there is no
significant difference in the level of understanding of the
nature of science as expressed by science undergraduates
and science education undergraductes. To test this
hypothesis the NOSO scores of the single sample of

science education undergraduates were compared with those



of each of the two samples of science undergraduates in
the {following pattern:

1. science education undergraduates versus science
undergraduates (biological sciences).

2, science education undergraduztes versus science
undergraduates (chemical sciences).

The raw lICSS scores of each of the samples may be
seen in Tables A3~5 of Appendix A. The mean, range,
variance and standard deviations of these scores are as
Presented in Table 5 (pageqs ).

The paired compzrisons indicated above were made
by means of the one-way analysis of variance (two groups)
as reported below:

1. science education undergraduates versus science
undergraduates (biological sciences):

The variaznce ratio (F) = 1,5922 (df, = 26,&{2 = 26)
was not sionificant at ,05 level ol confidence, Therefore
the assumption of ecuzlity of population variances was
upheld. The result of the one-way analysis of variance in

respect of this comparison is presemted in Table 7.



Table 7

Analysis of Variance Among NOSS Scores of Science
Education gndergraduates and Science pynder-
graduates (Biological Sciences)

Source of Sum of a
Variance Squares o Hesnsquaxe $
Between groups 25.34 1 25,34 4,7453%
Within groups 277.86 52 5.34
Total 303.20 53

*p < .05

The results of the analysis of variance in Table 7
show that there was significent difference (.05 level of
confidence) in MNOSS scores of science educaztion under-
graduates and science undergraduates (biological sciences).
The null hypothesis was therefore rejected in respect of
this comparison. It may b=z recalled (Table 5-12&%‘;124{) the
mean NCSS score oif the sample of science education
undergraduates was higher than the mean NOUS score of the
sample of science undergraduates (biologic:zl sciences).

2. science education undergraduates versus science
undergraduates (chemic:l sciences):

The variance ratio (F) = 1.0825; (df, = 19,df, = 26)
was not significant at ,05 level, Therefore the assumption

of equality of population variances was accepted,
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of variance
The results of the one-way analysis/is presented in

Table 8,
Table 8
Analysis of Variance Among NOSS Scores of

Science Education undergraduates and
Science undergraduates (Chemical

Sciences)
Source of Variance Sun of df Meansquare F
Scuares
Between groups 33,56 1 33,56 7.1526#
Within groups 211,14 45 4,69
Total 244,70 46
*P ¢ .05

The resuitc of the one-way analysis of variance in
Table 8 showed a significant difference (.05 level of
confidence) in the NOGSE scores of the sample of science
education undergraduates and the sample of science
undergraduates (chemical sciences), and thus the rejection
of the null hypothesis. It may also be reczlled that the
mean NOSS score of the sample of science education
undergraduates was higher than the mean NOSS score of the
sample of science undergraduates (chemical sciences)(see
Table 5, Page 94 ).

From the results of the anzlysis of variance

(Tables 7 and 8) it was accepted that there was sicnificant
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difference (.05 level of confidence) in the level of
understanding of the nature of science as expressed by
science undergraduates -nd science education undergraduates.
It was also inferred that since the science education
undergraduates had a higher mean NOSS score (See Table 5)
than the science undergraduztes, they have shown a better
understanding of the nature of science, as measured by the
NOSS than the sciernce undergraduates.

Question 3:

Do science undergraduates differ in their
understanding of the nature of science as 2 function of
their subjects of specialization?

Toward answering this question, the following null
hypothesis was tested: science undergraduates do not differ
significantly in their understanding of the nature of
science as a function of their subjects of specialization,
To test this hypothesis, the NOSC scores of the sample of
science undergraduates (bioclogical sciences) was compared
with the NOSS scores of the sample of science undergraduates
(chemical sciences), using the one-way analysis of variance.
The raw scorcs for the two samples are presented in
Table A.4 and A.5 of Appendix A

The variance ratio (I') = 1.4709 (df, = 26,df , = 19);7T
was not significant at ,05 level., Therefore the |

assumption of ecuality of population variances was upheld,
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and the use of the analysis of variance technique
justified,
The results of the one-way analysis of variance of

NOSS scores of both samples is presented in Table 9.

Table 9

Analysis of Variance Among NOSS Scores of Science
undergraduates (Biological Sciences) and
Science undergraduates (Chemical
Sciences)

Source of Sum of
Variance Squares as MeanSquare r
Between groups 1,32 1 1.32 0.2163%
with groups 274,62 45 6,103
Total 275.94 46
*P >y .05

The results of the anajlysis of variance in Table 9
showa that there was no significant difference in the
NOSS scores of science undergraduates (biological
sciences) and the NOS5 scores of science undergraduates
(chemical sciences). The null hypothesis was accepted and
the conclusion'drawn that the science undergraduates do
not differ significantly in their understanding of the
nature of science as a function of their subjects of

specialization.
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Question 4,

Do graduate science teachers with professional
teaching qualification show a different understanding of
the nature of science from graduate science teachers
without professfonal teaching qualification?

The following null hypothesis was tested in respect
of this question:

Graduate science teazchers with professional teaching
qualification do not show a significant difference in
understanding of the nature of science from graduate science
teachers without professional teaching gualification.

Using the NOSS scores of subjects as a measure of
their understanding of the nature of science, a one-way
analysis of variance (two groups) was used to compare the
NOSS scores of graduate science teachers with professional
teaching qualification and the NOGS scores of graduate
science teachers without professional teaching qualification.
In testing the assumption of ecuality of variances in both
populations, the variance ratio- (F) was 1,2355. With
df, = 27 andd{, = 45, this variance ratio was not
significant at .05 level of confidence, therefore the
assumption of equality of variances was justified as well
as the use of the analysis of variance technique for making
the required comparisons, The raw NOSS scores for both

samples are shown in Tables A6 and A7 of Appendix A. The
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mean, range, variance and standard deviation for each
sample are as shown earlier in Table 6 (Pageq9s). The
results of the one-way analysis of variance are given in

Table 10,

Table 10

Analysis of Variance /Among NOSS Scores of Graduate
Science Teachers with Professional Teaching
Qualification and Graduate Science
Teachers without Professional
Teaching Qualification

Source of Sum of
Variance Squares ar HEERSGUALS ¥
Between groups 29,33 1 29,33 4,3452%
Within groups 486,08 72 6.75
Total 515.41 73
*P< .05

The results of the analysis of variance in Table 10
showg a significant difference (.05 level of confidence)
between the NOGS scores of graduate science teachers with
professional teaching qualification and the NOSS scores
of graduate science te:achers without professional teaching
qualification, The null hypothesis was rejected and the
conclusion drawn that, for the samples used, there was

significant difference (.05 level of confidence) in
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understanding of the nature of science 2s expressed by
graduate science teachers with professional teaching
qualification znd graduate science teachers without
professional teaching qualification. Also since the mean
NOSS score of the sumple of graduate science teachers with
professional teaching qualification happened to be higher
than the mean NOSS score of the sample of graduate science
teachers without professional teaching qualification

(See Table 6 Page 95 ) it was inferred that the sample of
graduate science:' teachers with professional teaching
qualification had shown a better understanding of the
nature of science (as measured by NOSS) than the sample of
graduate science teachers without professional teaching
qualification.

RQuestion 5.

Do graduate science teachers with long teaching
experience show a differert understznding of the nature
of science from graduate science teachers with short
teaching experience?

In seeking an answer to the zbove question, long
experience as defined earlier in this paper is a teaching
experience of more than five years and short experience is
a teaching experience of five years or less, To obtain
samples that would be used for verifying the guestion

posed above the entire sample of graduate science teachers
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(N=74) was rearréngedninto two samples on the basis of
experience as defined above., Thus the sample of teachers
with short experience = 28, while the sample of teachers
with long experience = 46, The raw NOSS scores in respect
of these samples are displayed in Tables AlO and A1l of
Appendix A. The mean, range, variance and standard
deviation as computed from the NC35 scores are shown in
Table 11,
- Table 11

NOSS”Teét Results: Gradnete Science Teachers

with Long Teaching Experience and Short
Teaching Experience

Sample: Teachers w%th Teachers with
Long EBxperience Short Experience
, N,H_ : .?;. B @ “ o
Range e 617 -7
Mean = .10.72 10.46
Variance = 6,92 | o 7.52
| = 2.63 | 2,74

S.D.

in further éearch'of possibie angwefé t6 question 35
the following null hypothesis was tested, using the one-way
analysis of variancea |

Graduate science éeéchers with long teaching

experience do not show significant difference in
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understanding of the nature of science from graduate
science teachers with short teaching experience. In
testing the above null hypothesis the NOSS scores of the
samples of teachers with long znd short experience were
used as the measure of their understanding of the nature
of science.. The results of the analysis of varidnce are
presented in Table 12 below. Assumption of ecquality of
population variances was justified because F value of
1.0867 , (dif 27,4, = 45) was not significent at .05

level of confidence.

Table 12

Analysis of Variance Among NOSS Scores of Graduate
Science Teachers with Long Teaching Experience
and Graduate Science Teachers with Short®
Teaching Experience

Source of Sum of ar Mean I
Varianpce Squares Square
Between growps 1.12 1 1,12 0,1569%
Within groups 514,29 72 7.14
Total 515.41 73
*P > 05

Based on the results of the analysis of variance as
in Table 12, the null hypothesis was accepted with the

conclusion that with the samples used, graduate science
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teachers with long teaching experience did not show
significant difference in understanding af the nature of
science from graduate science teachers with short teaching
experience.
Summary

In this chapter the data in the form of NOS5 scores
of subjects were analysed according to the demands of the
research questions, and in the pattern laid down in the
designs in Chapter 3. The findings produced by the data
analysis may be summarised as follows:-
Question 1: What is the level of understanding of the
nature of science as expressed by science and science
education undergraduates, and graduzte science teachers in
the populations studied? Findings: For the science and
science education undergraduztes the level of understznding
of the nature of science as indicated by the NOGS scores
showed that the sample of science education undergraduates
had a mean NOSS score of 11.26 (38,8 percent), followed by
the sample of science undergraduates (biological sciences)
with a mean NOG5 score of 9.89 (34,1 percent), and the
sample of science undergraduates (chemiczl sciences) with
a mean NOSS score of 9,60 (23.1 percent). The range,
variance, and standard deviations for the NOSS scores were

also calculated =nd cin be seen in Table 5,(PageqQs) of this
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chapter.

For the graduate science teachers, the mean NOSS
score of the sample of graduate science teachers with
professional teaching cualification was 11,43 (39.4
perxcent), while the mean NOSS score of the sample of
graduate science teachers without professional teaching
qualification was 10,13 (34,9 percent). The range, variance,
and standard deviation of the NOSS scores were also
calculated and can be seen in Table 6 (Pageqs) of this
chapter.

It was generally observed that the lack of a standard
or norm against which to judge the NOGS scores of tle
subjects made it difficult to evolve any categomical
statements about the adequacy or otherwise of the subjects!
level of understandinc of the natur® of science as
reflected in their NOSS scores, However, it was noted that
the mean NOSS scores did not reach the 40 percent mark in
respect of any of the samples of science and science
education undergraduztes, -nd graduate science teachers,

It was further discovered that for twelve of the 29 items
on the NOSS, less than 40 percent of the subjects in each
sample were able to give correct responses as suggested by

the model answers,
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Question 2: How does the level of understanding of the
nature of science as expressed by science undergraduates
compare with that expressed by science education under-
graduates?

Findings: Based on the NOSC scores, it was found that there
was a significant difference (.05 level of confidence) in
the level of understanding of the nature of science as
expressed by the sample of science education undergraduates
and the sample of science undergraduates (biological
sciences). A significant difference (.05 level of confidence)
was also found in the level of understanding of the nature
of science a5 expressed by the sample of science education
undergraduates and the sample of science undergraduates
(chemical sciences). Since the mean NOSS score of the
sample of science education undergraduates was higher in
each case, it was further inferred that the sample of
science education undergraduates had expressed a better
understanding of the nature of science than each of the two
samples of science undergraduates.

Question 3: Do science undergraduates differ in their
understanding of the nature of science as & function of
their subjects of specialization?

Findings: Based on their NOSC scores it was found that
science undergraduates did not differ significantly in

their understanding of the nature of science as a function
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of their subjects of specialization.

Question 4: Do graduate science tezchers with professional
teaching qualification show a different underst:nding of
the naturc of science from graduate science teachers
without professional teaching qualification?

Findings: Analysis of the NO6S scores showed that there
was a significant difference (.05 level of confidence) in
understanding of the nature of science as expressed by
graduate science teachers with professional teaching
qualification and graduate science teachers without
professional teaching cualification. Since the mean NOSS
score of the sample of graduate science teachers with
professional teaching cualification was higher than that
of the sample of graduate science teachers without
professional teaching qualificasion, it was inferred that
the former has expreesed a better understanding of the
nature of science than the latter,

Question 5:

Do graduate science teachers with long teaching
experience show a different understanding of the nature
of science from graduate science teachers with short
teaching experience?

Finding: From the anzlysis of their NOGCS5 scores there
was no significant differences: in understanding of the

nature of science as expressed by the sample of graduate
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science teachers with long teaching experience and the
sample of graduaté science teachers with short teaching

experience,



Chapfer 5
SUMMARY, GENERALIZATIONS, IMPLICATIONS,
LIMITATIONS, AND RECCHMEMNDATICONS,

~ .,

In this Chapter, a brief statement of the problem,
thé.procedures used as well as the findings are presented
in summary. The generzlizations made 0 n the basis od the
findings are presented. The implications of the findings :
and generalizations are discussed, while the limitations
of the study as well as recommendations Lor further
research are reported. |
5.1 Summary
This resecarch was born out of the need to provide
;information regarding understonding of the noture of
science amnong:

1. Undergraduzte seiesnce students training to
ecome future scicntists ond who would roculre such
knowledge as 2 foundation for the professional practice of
science.

2., Undergradvzate 8.ience education students training
to become future professional science teachers and who would
need such knowledge to be able to train their students.

3, Praecticirg graduate science teachers in secondary

schools 2nd colleges who are supposed to teach their

13
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éfudents to achieve a better understanding of the nature of
science.

In the light of the above, this study wos directed to
provide possible answers to tie following specific questions:

1. w¥hat is the level of understanding of the nature
of science as expressed by science and science education
undergraduates, and graduate science teachers in the
populations studied?

2. How does the level of understanding of the
nature of science as expressed by science undergraduates
compare with that coxpressed by science education under-

"graduates?

3. Do science undexgriduztes differ in their
ﬁnderstanding of the nature of science as a function of
their subjects of specialization?

4, Do graduate science teachers with professional
teaching qualificetion chow a different understanding of the
nature of science from graduvate science teachers without
professional teaching qualification?

5. Do graduate scilence teachers with long teaching
e¥perience show a different understanding of the nature of
science from graduate science teachers with short teaching
eMperience?

The populations studied in this research were final
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year science and science education undergraduates in
Ahmadu Bello University, Zaria, and graduzte seience
teachers in secondary schools and colleges in Kaduna and
Zaria, Kaduna $tate, Nigeria. The samples which were
obtained by the stratified random sampliﬁg'technique were
as follows: One szample of 27 science education under-
graduzatss; and two samples of science undergraduates made
up of 27 science undergraduates {Dbiological sciences), and
20 science undergrzduates (chemical sciences). There was
a grand sample of 74 graduate science teachers which was
split into smaller samples as fequired by the study,
namely: 28 teachers with professional teaching gualification,
and 46 teachers without professional teaching cualification;
then into 28 teachers with short teaching expzrience, and
46 teachers with long teaching experience.

Through: an extensive review of literature which led
to the fornulation of 2 model of the nature of science, a
research instrumer’ considered suitable for the purposes
of this study was discovered and adopted,

The research instrument ~ the Nature of Science
Scale (NO5G), was tlhorn administered to a1l subjects in
the various samples by face to fice contact in the period
February - March, 1978. All subiects were given enough
time to respond to 211 items on the NCSS, and after which

the NOOLS was scored znd the scores recorded for each subject
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in appropriate tables for analysis. During analysis, such

statistics as the mean, range, variance, and stapdard

deviation were computed from the NOCS scores znd used for
describing the level of understanding of ii.e noture of

science as c¥pressed by the various samples. The one-~way
anesjysis of variarce technique was used to compare the NOGTD
scores of different sanples as resuired by the null hypotheses
tested. The {ollowing findings were obtained from the
analysis of the NOGS scores of the various samples:

The sample of science education undergraduates had a
mean NCGS score of 11,20 (28,8 pexcent), followed by the
sample of science ﬁndergraduates (biologicdl sciences) with
a mean MNOGT score of 9.89 (34,1 percent), «nd the sample of
science undergraduates (chemical sciences) with a mean NGSS
score of 9,060 (33.1 percent)., The sample of graduate
science teachers with professional teaching qualification
had a meon HOSO score of 11.43 (39.4 percent), while the
sample of graduate science t2achers without professional
teaching qualification hal a mean NOG5 score of 10,13
{(32.9 percent ). Values were £1so obtzined for the range,
variance, and Standard deviation of the HCGI scores of
each sample, Although tlhe lack of a standard or norm
against which to judge the HO5S scores of the subjects

made it diFiicult to =volvs any categorical statements about
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the adeguacy of thelxr level of understanding of the nature of
science as reflected by the NOOJS5 scores, it was noted that
the mean NOLS scores did not rezeh the 40 perxcent mark in
respect of cny of the stmples, It wag further discovered
that for twelve of the 29 items on the OGS, less than 40
percent of the subjects in cack sample were able to give
correct responses .5 sugge$ted by the model answers.

Therc was = significznt difference (.05 level of
confidence) in the level of understanding of the nature of
science as expressed by the sample of science education
undergraduates znrd the szmple of science undergraduates
(biologicel sciences), with the former showing a better
understanding of the nature of scicnce. than the latter,.
There was also a significant difference (.05 level of
confidence) in the Jevel of understanding of the nature of
science as expressed by the sample of science education
undergraduates iixd the sample of science undergraduates
(chemiczl sciemnces), with the science education undergraduates
showing & better understanding of the nature of science than
the science undergradustes (chemical sciences).- |

it was found that science undergraeduates did not
differ sionificantly in theixr understanding of the noture of
science as 2 function of their subjects of specizlization.
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There was a significant difference (.05 level of
confidence) in understanding of the nature of science as
expressed by the sample of graduate science teachers with
professional teaching cualification and the sample of
graduate science teachers without professional teaching
qualification, with the former showing a better understand-
ing of ihe nature of science than the latter.

llo significant difference was found in understanding
of the nature of science os 2xpressed by the sample of
graduate science teachers with long teaching experience and
the sample of graduate science teachers with short teaching
experience.

5.2 Generalizations

The following generalizgtions were drawn on the
basis of the findings of this study. In all c:ses the
generalizations apply to the populztions studied,

1., Although it was not possible to say precisely
whether the level of understanding of the nature of science
as expressed by the yirious populations wés adequate (this
was due to the lack of 2 standord or norm on which to base
sucl: judgement ), the findina that the me:n score on the
measurinrg instrument was not up to the 40 percent mark in
respect of any of the samples, 28 well as the finding that

only less than 40 percent of subjezcts in each sample could
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respond correctly to as many as twelve of the 29 items on
the instrument may e incdicative of the need to improve
upon the general level of understanding of the nature of
science in the populations studied,

2, A signific:nt difference (.05 level of confidence)
was found in the level of understanding of the nature of
science expressed by science elucation undergraduates and
that expressed by scicnce undergraduztes, with the Science
education undergraduates showing 2 better understanding of
the nature of science than the Science undergraduztes.

3, Science undergraduates did not show significant
difference in their understanding of the nature of science
as & function of their subjects of specialization.

4, There was z significant difference (.05 level of
confidence) in understanding of the natuvre of science as
expressed by graduate science teachers with professional
teaching ocualificatiorn :nd gradvate science tezchers
without professional teaching qualification, with the former
showing a better understanding oi the nature of science than
the latter.

5. No significeznt difference wzs found in
understanding of the noture of science ac expressed by
graduate science tecchers with long teaching experience and

graduate science teachers with short teaching experience,
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5.3 Implications

The zbove generalizations have the following
implications:

1, If the level of understznding of the nature of
science as expressed by the various populztions needs to
be improved upon,; as it seems to be, then urgent steps
must be taken to ensure such imppovement by the various
authorities concerned with these populations. The
Faculties of Science and Education of Ahmadu Bello
University, must came out with ways to develop a better
understanding of the nature of science among the science
and science education undergraduates, The authorities
concerned with the productivity of the graduaote science
teachers must be alerted to the nrgent need to make the
necessary provisions for these teachers to improve upon
their understonding of the nature of science.

2, That there was a significant difference in the
level of understznding of the nature of science expressed
by science educotion undergradictes and that expressed by
science undergraduates, with the science education
undergraduvates showin~ a “etter understanding of the
nature of science th-i: tho science undergraduates, has
important implicztions, For one thing this finding may be
indicating that the science education program in

Ahmadu Bello Unlversity is better suited to the development
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of an understendina of the nature of science than the
scieaice program. This is more so when it is recalled that
the samples used for the comparison were just at the end
of their instructionazl progrems in the uaiversity prior to
entry into their respective professions. Secondly, since
the science undergraduvates in this university t:z:ke more
science courses th:n tle science educatiorn undergraduates,
while the science education uidergraduztes tzke some
instructions in the philosophy of science &s part of the
science methods course, which science undergraduates do
not, it may be inferred that taking courses in the
philosophy of science may lead to the development of a
better understanding of the nature of science than taking
more courses in Science, This latter inference however
czlls for more eyperimental investigations for its
confirmation.

3« The finding thst there was no significant
difference in understanding of the noture of science among
the science undergracduates when compared according to
subjects of specizlization seems to suggest that the
undergroduate preparation programs in the various subject
areas in the Faculty of LScience of Ahmadu Bello University
at the time of investigation were not different in terms

of how much they contributed to the development of an
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understanding of the nature of science. Recommendations as
to how to develop a better understanding of the nature of
'science in undergraduste science students may therefore
hold true for one of these subject arcas 2s for the
others.

4, The [indinc that graduate science teachers.
with professional teaching qualification showed a
significently different znd betier understanding of the
nature of science when compzred to graduate science teachers
without professional teaching ~ualification lends credence
to the observation made by Kimball (1967-68:110) that
studies which a2imed at drawing inferences about teachers!
understanding of the nature of science in relation to their
training programs should first distinguis’ between
professionally quajified science teachers and non-
professionally cualified ones Lefore drawing such inferences.

5. Another implication of the Letter understanding of
the nature of science by graduvate science teachers with
professional teaching ouzliication compared to graduate
science teachers without professional teaching cualification
is th=t the teachers with proiessional teaching qualification
may be better prepared to develop in their students an
understznding of the nature of science, in view of their

better knowledge of samne, than the graduate science teachers
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without professionzl teaching cualification, This

information m:y therefore lend further support to the need

iy

to staff lligerpian schools with prefessionally guclified
teachers as a means of improving upo: the standard of
teaching and learning.

6, Since Lotl tie areduzte scimnce teachers with
profession.l teaching cualification :znd graduzte science
teichers without profescionel teaching cualification had
maﬁors in science, znotl:er inplicatiorn ol the better
understanding o thwe nttures of cciencer expressed Dy
graduvite science teachers with professional teaching
qualificatios is that this mey be duve to the faet that the
teachers with professional teacning cualification took
instructions in the philosophy of science as part of their
science methodc courses, This furtiher specks for the
necessity of taking courses In the philosophy of science as
a means of improving understanding of the nature of science.

7. That therc was no sigtiiicunt difference in
understanding ol the nature of science as expressec by
graduvate science teachers with long teoching experience and
graduate scicnce teschers with short teaching experience
goes to confirm the fiuding by Kirmball (1967-68:114) that
experience may not be related to understanding of the

naturc of science, An importznt implication of this finding

as noted 2lso by Kinb: 1l in the study referepoed above is
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that the apparent lack of chinge in teachers! understanding
of the nature of science with experience indicates that
their concept of the nature of science is fairly well
estzbliched by the time of graduztion from the university.
This is therefore =znother argument in favour of |
purpos=fully influerncing students! understanding of the
nature of science during their undergraduzie training.

5.4 Limitations

The generalizations zrising from the findings of this
study have been linited to the populations studied, Some
findings have been limited in scope, for example, it was
not possible to say categoriczlly whz2ther or not tre level
of underst:nding of the naturec of sc:nce as expreesed by
the various populations was adequate, This was mainly due
to the lack of a norm or stazndard for the research
instrument agoainst which tie scores of the various samples
could be more specifically compazred.

Considering possible linitatiors ol the uvse of purc
philosophical thought in the evaluntion of : Science model,
efforts were made, while building up the model of the
nature of science, to depend as much =5 Dossible on the
expressed opinion of reputable scientists -nd science
educators on the m:cjor issves, However, even the dependence
upon opinion as auvthority has its own weaknesses, and this

happens to be probubly an unzvoidable limitation of this
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type of study.

5.5 Recommendations

Since the present study was limited in scope, there
is the need for reprlicating it in other populiations in the
Nigerian educctional system. One m:jor advantage of such
replication would be that natiornal norms could be
established for thie research instrument (1J0OSS) on the
basis of the resulis of suc: studies, With such norms it
would be possible to evaluate more precicely the adequacy
of the level of understanding of the nature of science
expressed by other populations in future studies,

Many of the “indings reported in thic study pointed
to possible advantages in developing understanding of the
nature of science through instructions in the philosophy of
science, Other reseazrchers have :-lso come to simiy%;
conclusions on this issue (Kimball, 1967-68:119)." On' the
basis of these, it is Deing recommended here that the
Faculty of Education of Ahmadu Bello University increase
the level of understanding of the nature of science of the
science education uncdergraduates by intensifying
instructions in the philosophy of science. The Faculty of
Science of Ahmadu Bello University, on the other hand, may
need to introduce instruction in the philosophy of science

as part of its tr zinino program for science undergraductes
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so as to upgrade students'! understanding of the nature of
science.

As for the ponulation of graduate science teachers
studied, their understanding of the nzature of science may
be improved by relevant private reading or by organised
in-service training progrzms which have the development
of 2 better underst:znding of the nature of science 2s a
specizl area of interest, For those grad:ate science
teachers without profescional teaching qualification it
may be reasonzble tc suggest that in-service training
towzrd professionzl teaching qualification may be a way
to improve their understonding of the nature of science,
since the findings of ithis research have shown that
graduvate science teachers with professional teaching
qualification expressed 2 better understanding of the
nature of science than graduate science teachers without
professional teaching cualification, The authorities in
charge of such texchers would do well tc encourage them to
go for such trzining programs as a way of improving their

overall efficiency as science teachers.
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APFENDIX A.

Table A.1

NOSS Scores of $.B.S. Science Students

9 9 9 5
7 8 9 9
o 9 8 7
14 i3 11 9
3 8 9 10
8 ¥ 5 11
6 9 8 10
i 14 14 7
8 7 7 10
8 (3} 11 11
10 9 Z
9 11 11
9 8 7
7 8 7
14 9 9
Sum of Gcores = 486
N = 55
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Table A. 2

NCSS Scores of S.B.S. Scierce

Teachers.
12
17 15
12 8
11 T
11 16
10 o
13 i1
v i3
12 15
13 14
11

Sum of Scores

I

244

21

133



Table A.3

NGS5 Scores of
Science Education Undergraduates

a2 11 13
& 13 13
8 11 13
8 11 13
9 12 13
9 12 14
9 12 15
10 13

11 13

11 213

Sum of OGcores = 304

N = 27



Table A.4

NQCS Scores of Science
Undergraduates (72iol. Sciences)

4 10 11
4 10 12
6 10 13
5 10 13
7 10 13
9 11 13
S 11 13
9 11

10 11

10 11

H

Sum of Ccores 267

M = 27



Table A.5

NCCS Gcores of Ocience
Undergraduates (Chemiczl Sciences)

9
10
10
10
10
10
11
12

13

O O V YV Vv Y ¢ =N o o

15

192

]

Sum of Scores

1]

I 20



Table A.6

NOSS Scores of Graduate Science Teachers
with Pro”essional Teaching Qualification

12 12 11
i7 12 14
10 17 10
11 16 13
11 8 9
10 12 8
0 i3 8
i3 7 13
11 15

7 11

Sum of Scores = 320

n = 28



Table A.7

NOSS Zeores of Graduate Science Teachers
without Professiornal Teaching Quallification

6 9 8
12 13 11
11 7 11
11 11 5
10 15 11
10 a 11
8 7 7
12 16 9
il 9 13
g 9 17
S 9 15
10 9 14
13 9 6
10 11 10
x5y | 14

9 6

Sum of OScores = 466

= 46



Table {

Percentage of Subject
geve Correct Response

Item Sc. Bducation Sc. Undergrad. Sc. Unc

No. Undergrad. (Bio.Sciences) {Chem.S¢
1 26 @) s i
2 44 41 2
3 0 4 1
4 22 26 2 &
5 37 T S
6 56 56 6
7 0 11 1
8 0 0
9 3 63 0

10 15 33 ‘

21 41 63 :

12 33 59 :

13 22 15

14 70 59
i5 L4 33

16 78 56

17 41 22

18 74 44

19 52 59

20 7 22

21 22 7

22 85 67

23 33 33

24 19 19

25 56 59

26 59 44

27 52 30

28 74 52



Table A.9

NOSS Items to which only Less than 40
Percent of all Samples Gave Correct Responses

Item Mocdel Response

1, The most importznt scientific
ideas have been the result of
a systematic process of )
logical thought, Disagree

3, Thanks to the discovery of the
) scientific method, new
discoveries in science have
begun to come faster. Disagree

4, The primary objective of the
' working scientist is to
improve human welfare, Disagree

5, While a scientific hypothesis may
‘ have to be a2ltered on the basis
of newly discovered data, a
physical law is permanent. Disagree

7. Science is constantly working
' toward more detailed and complex
knowledae, Disagree

8. A fundamental principle of
' science is that discoveries ond
research should have some
practical applications., Disazgree

13, Any scientific research broacer
than a single specialty can only
be carried ount throuch the use
of a team of researchers from
various relevant fields, Disagree

20, When & large number of observations
have shown results consistent with
2 general rule, this generalization
is considered to Le a2 universal
law of nature. Disagree



Item

21,

23,

24,

29,

Table A.9 (Cont'd)

The scientific method follows
the five regular steps of
defining the problem,
gathering data, forming a
hypothesis, testing it, and
drawina conclusions from it.

The steam engine was one of the
earliest and meet important
developments of modern science,

Scientific research should be
given credit for prodicing such
things as modern refricerators,
television, and home air-
conditioning.

An important characteristic of
the scientific enterprise ic its
emphasis on the practical.

HWodel Response

Disagree

Disagree

Disagree

Disagree

141



Table A,10

NOSS Scores of Graduate Science Teachers
with: Long Teaching Bxperience

10 13 13
11 11 8
13 7 11
7 8 11
12 7 8
9 9 11
17 9 9
10 9 11
13 15 15
16 9 14
11 11 8
8 11 6
9 14 13
13 10 14
7 9
12 11

Sum of Scores = 493

M 46

il
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Table A.11

NOSS Scores of Graduate Science Teachers
with Short Teaching Experience

32 12 16
i7 i0 6
6 i1 9
12 9 6
11 : e 11
1 8 7
10 12 13
10 10 10
8 9
11 15

293

Sum of Scores

I 28



APPEMNDIX D

THE NOSS AS USED IIT THIS
STUDY

Please indicate whether you agree or disagree
with each of the following statements about the nature of
Science by ticking (/) the response of your choice.

1, The most important scientific ideas have been the
result of a systematic process of logiczl thought. (Agree;
Disagree)

2. Classification Schemes are imposed upon nature.by the
scientists: they are not inherent in the materials classified,
(Agree; Disagree).

3. Thanks to the discovery of the scientific method, new
discoveries in science have bequn to come faster. (Agree;
Disagree)

4, " The pPrimary objective of the working scientist is to
improve human welfare. (Agree; Disagree)

5. While a scientific hypothesis may have to be zltered
on the basis of newly discovered data, a physical law is
permanent, (Agree; Disagree)

6. The scientific .investigation of human behaviour is
useless because it is subject to unconscious bias of the
investigator. (Agree; Disagree)

7. OGcience is constaently working toward more detailed and
camplex knowledge. (Agree; Disagree)

8. A fundamental principle of science is that discoveries
and research should have some practic:1l applications,
(Agree; Disagree)

9. While biologiste use the deductive approach to a

probéer, physicists zlways work inductively. (Agree;
Disagree)

144
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10, The ultimate goal of all science is to reduce
observations and phenomena to & collection of mathematical
relationships. (Acree; Disagree)

11, The best definition of science would be "an organized
body of knowledge'. (Agree; Disagree)

12, Science tries mainly to develop new machines and
processes for the betterment of mankind., (Agree; Disagree)

12, Any scientific research broazder than a single
specialty can only be carriecd out through the use of a team
of researchers from various relevant fields. (Agree;
Disagree)

14, Investigation of the possibilities of creating life
in the laboratory is zn invazsion of science into areas.
where it does not belong. (Agree; Disagree)

15. Team research is more productive than individual
research., (Agree; Disagree)

16. Many scientific models are man-made and do not pretend
to represent reality, (fAgree; Disagree)

17. Scientific investigations follow definite zpproved
procedures, (Agree; Disagree)

18, Most scientists are reluctant to share their findings
with foreigners, being mindful of the problem of national
security. (Agree; Disagree)

19, The essent’al test of a scientific theory is its
ability to correctly predict future events, (Agree;
Disagree)

20. When a large number of observations have shown results
consistedtwith a general rule, this generalization is
considered to be a universal law of nature. (Agree;
Disagree)

21, The scientific method follows the five regular steps

of defining the problen, gathering data, forming a hypothesis,
testing it, and drawing conclusions from it, (Agree;
Disagree)
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22, One of the distinguishing traits of science is that
it recognizes its own limitations (Agree; Disagree)

23, The steam engine was one of the earliest and most
important developments of modern science, (Agree; Disagree)

24, OGcientific research should be given credit for
producing such things as modern refrigerators, television,
and home air-conditioning. (&gree; Disagree)

25, If 2t some futurerdate it is found that electricity
does not consist of electrons, today's practices in
designing electriccl apparatus will have to be discarded.
(Agree; Disagree)

26, By applicatdom of the scientific method, step by step,
man can solve cimost any problem or answer zlmbst any
questions in the realm of nature, (Agree; Disagree)

27. OGcientific method is &« myth which is usually read into
the story after it hcs been completed. (Agree; Disagree)

28. OScientific work recuires a2 dedication that excludes
many aspects of the lives of people in other fields of work,
(Agree; Disagree)

29. fin important characteristic of the scientific enterprise
is its emphasis on the practical. (Agree; Disagree).
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QUESTICONNAIRE OF PURSONAL INFORMLTICII FOR GRADUATE
SCIEZICE TEACHERS

BRIEF PERCON.L IITFORMATION: (please note that all
informaetion will De treated with strict confidence)

Name (optional) =ceemcmcmm e i 55 _

First degree: B.A., 2.5c¢., B.Ed,, B.Sc. Ed., (or any others,

please specifly P o e e e e

Major subject for first degree: Chem. Fhysics, Biol., Bot.,

Zoo., (or any others, please specify) ==----re-=cco==
University awarding {irst degree —-e-ememrmeccmccnccecmeee~———— -

Masters degree (if any): l.A., M.Sc,, M,Ed., (or any others,
please Specify) mmcmmmmcmmce e m e ——————

University awarding Masters degree =m-—-c-e-cmcmmmecccc—————

Doctoral degree (if any): Ph.D., Bd,D., (or any others,

PLEBSE SPOCILY) mmmorrmim o o s coomm o cmom im0
University awarding doctoral degree -------=-v= ~————— ————
Dip. Ed, (or Foulvalent) memcmemmmmme e
For how long have you Dbeern teaching science? -—--wee-=w-=-

Which science subject or subjects are you teaching now

(e.ge. Biology, Chenistry, Fhysics) ==--ercmcrmcmnccee—n

In which school are you teaching NOW? ==-me-scremmmccecnc—- =~



