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ABSTRACT

DESCRI PTI ONS OGP THE TERM " SO ENTI FI C EXPER MENT"
HELD BY N GER STATE, N GERI A, POST- PRI MARY
SCHOOL SC ENCE TEACHERS

BY

MOHAWMMED  ABDULRAHVAN

Under the Supervision of Professor MIton 0. Pella

Statenent of the Problem

The main objective of this study was to determne the
descriptions of "scientific experinent" that are held by
N ger State, N geria, post-prinmary school science teachers.
An attenpt was also nmade to determne if differences in
a) teachers' educational background, b) teachers' nunbers
of years of teaching experience, and c) the subjects the
teachers teach, are acconpanied by differences in the
statenents they included in their descriptions of scien-

tific experinents.

Procedur e
A new instrunent consisting of 62 statenments on

"scientific experinments" that had been identified or not



identified with 10 sel ected phil osophers of science was pre-
pared and adm nistered to 103 science teachers in N ger
State, post-prinmary schools. The frequency and percentage
of "yes" responses (indicating a teacher's desire to in-
clude the particular statenent in his/her description of
scientific experinments) to each of the 62 statenents on the
questionnaire were conputed for: (1) the teachers as a
group, (2) teachers with different educational backgrounds:
a) the N gerian Certificate of Education (NCE) and b) a

uni versity degree; (3) teachers with different nunbers of
years of teaching experience: a) 0-2 years and b) over 2
years (for the teachers as a group and for those with dif-
ferent educational backgrounds) and (4) teachers who teach
different subjects: a) biological science and b) physical
science (for the teachers as a group and for those with

di fferent educational backgrounds).

The statenents to which 75%or nore of the teachers
responded "yes" were selected for inclusion as a part of
the descriptions of scientific experinents held by the
teachers as a group. D fferences in the statenents which
the various conparison groups included in their descrip-
tions were determned on the basis of two criteria:

a) 75%or nore of the individuals in only one of two

conpari son groups nust have given "yes" responses to the



statenents and b) the percent difference in "yes" responses

by the two conparison groups to a given statenent nust

equal or

Fi ndi ngs

1

exceed 20%

Just as the 10 sel ected phil osophers of science
whose opinions formed the basis for nost of the
content of the questionnaire used in the study
hol d di verse and sonetimes conflicting views of
scientific experinents, so does the group of
teachers studied. Furthernore, in their des-
criptions, the teachers included statenments not

identified with any of the sel ected phil osophers.

The teachers were fairly consistent in their
selection of statenments to be included in their
descri pti ons.

The groups of teachers with NCE and degree quali -
fications generally selected the same statenents
to be included in their descriptions.

Bi ol ogi cal and physi cal science teachers as a
group and wi thin each educational background

| evel differed slightly in the statenents they
selected for inclusion in their descriptions.
However, these differences did not follow a clear-

cut pattern.

Xi



There were few differences between teachers with
0-2 years and those with over 2 years of teaching
experience in the lists of statenents they in-
cluded in their descriptions of scientific experi-
ments. This is true of the teachers as a group

and those with either NCE or degree qualifications.

The teachers clearly made distinctions in the use

of terns describing the role of experinents in

science, terns such as "confirmation," "falsifi-
cation," "discovery," or "formulation" of "scien-
tific laws," "scientific hypotheses" or "scientific

theories.” Wile they endorsed the idea of experi-
ments as being capable of confirmng or verifying
scientific laws and hypot heses, they rejected the

i dea of falsification.

Approved

Date




CHAPTER I
THE PROBLEM

Introduction

Since political iﬁdependeuce in 1960, Nigerians have '

been witnessing an era of unprecedented social, economic,
and educational change. There has been a continuous in-
crease in the number of primary and secondasry schools,
universities, and technical colleges,

The increased emphasis on education at both post-
primary and post-secondary school levels is said to hold
the promise that Nigerians wmay become their own doctors,
engineers, teachers, technicians, etc.

It is therefore not surprising that the science cur-
riculum reform conferences of 1969 and 1973; and the 1577

Federal Government position statement on education all ex-

pregsed concern for finding ways of increasing the scien-

tific awareness of the Nigerian society as a whole. A
majJor theme of the prescriptions for overcoming these con~
cerns, has been the specific emphasis on "knowledge of the
nature of science”. |

 Abubakar (1970) reflected the general view of the
1969 conferees when he proposed that

The content of science courses should bBe such
that it is interesting, it is relevant to the



child's experiences with the physical world, it

is structured into continuous development of _
scientific concepts and skills from primary ‘.
school up to the university level. The method-

ology must be such that it discoursges rote
memorization, it fires the imagination, it elimi-
rates authoritarian teaching, it inculcates the

spirit of inquiry, to experiment, to discover,

to draw conclusions, and to predict (p. 34).

j%Ogunyemi {1969) reiterated the importance of a science

curriculum based on the understanding of the nature of
science for an African culture when he argued that

It is quite confusing to young pupils, whose

first school lessons in science usually involve

a dogmatic and sweeping denunciation of all

"superstitions”, "herbdbalists", and "witch

doctors", but who sometimes find in the real life

of the community that some diseases and illnesses

defy treatment in reputahle hospitals only to be

cured by the so-called witch-doctors. There is

therefore cynicism smong literate and many 1l-

literate people arising from a dubious under-

standing of what science can or can not do. These

misconceptions can be corrected by a curriculum

that lays stress on the understanding of the

nature of science {(p. 142). ’

Similar views have heen expressed by other Nigerian
educators like Fafunwa (1967), Yoloye (1969, Cookey (1970),

and Bajsh (1975).

| An examination of the expressed view of Nigerian edu-
cators that specific emphasis be placed on "the under~
standing of the nature of science” reveals its similarity
. to views expressed by several American science educators,
scientists, teachers, and other groups either as individ-
uals o¢r through various educational orgamizations and

foruwe (The National Science Teachers' Association, 1961,



1964, and 1971; Conant, 1950; Schwab, 1960; Carey and
Stauss, 1965; Connelly, 1968; and Hurd, 1969).

One major reason often suggested for stressing the
understanding of the nature of science is the continual and
exponential explosion of scientific knowledge which makes
it difficult to keep science curriculum content abreast of
the latest scientific facts and realities (National Soci-
ety for the Study of Education, 59th Yearbook; Hurd, 19€9;
Schwab, 1962; Conant, 1951; and Ogunyemi, 1969).

The expressed concern for the understanding of the
nature of science has been instrumental in the prolifera-
tion of several elementary and secondary school programs
in the United States and Great Britain (examples include =-
Physical Science Study Curriculum, Science - A Process Ap-
proach, Biological Science Curriculum Study, and Nuffield
Foundation Program: 5-13). Robinson (1969) described the
aims of the new curricula

as striving for greater sophistication from a

philosophy and history of science perspective,

avoiding the naivete of older texts and their
representation of the scientific method. The new
programs tried to portray the fluidity and dynam-

ism of science in contrast to its image as a col-

lection of immutable truths. These objectives can

be summarized as directing instruction towards the
students' understanding of the nature of science,
ogsibly the focal element of scientific literacy
Shulman and Tamir, 1973, p. 1101).

Although there is a genersl agreement on the need for

a basic understanding of the nature of science as a majer



gcal of science teaching, a number of science educators
have raised very seérious questions about the manner in
which science is presented in science textbooks and other
curriculum materials (Robinson, 1965; Ivany, 1969; Herron,
1969; Martin, 1972; and Connelly, 1973). Connelly (1973)
maintains that the )

limitations of the curriculum reform efforts of
the fifties and sixties can be identified as re-
sulting from implicit embodying ccnceptions of
knowledge and knowing in curriculum materials
which weve derived from psychological notions of
cognitive gtructure and how they develop and
function in fields of ingquiry and in the mind
(p. 279-280).

Herron (1969) points out that

Educational objectives of the new curricula
materials are no more precisely stated than those

of preceding decades. The net result of this am-
biguity is that such terms as “scientific inquiry"
have tended to become mere trite cliches, bandied
about in the discussions of science educators and
other "in the know" but ignored in the wmain, by

the c¢lassroom teacher. A serious apnd sophisticated
epistimological problem, i.e., the nature of sci-
entific knowledge seems to be moving through suc-
cegsive levels of generality to take its place along
guch timeworn and dependable catch-phrases as "demo-
cratic", "creative”, motherhood and apple pie", and
"gcientific method" (p. 106).

There is general agreement that the teaching of
science should aim at getting students to "understand the
nature/structure of science” and existing curriculum ma-
terisls have failed to "adequately” repressnt "the nature/

structure of science.”



Among the many possible conditions that may have con-

tributed to failure to "adequately" represent the "nature/

structure of science" in curriculum materials, there are

four that seem to stand out:

1.

2

The concept "nature/structure of séience" ié.so
broad that a single attempt at representing the
nature/structure of science may not be feasible,
Schwab (1962) and Robinson (196%) have argued
that no single description of structure exists
which can be applied equally well to each of the
scientific disciplines. Thus, a model of sci-
ence used in the teaching of physics way be im-
proper for the teaching of biolegy.

Since the new curricula valued the way scien-
tists make discoveries as a model for student
activity, science curriculum developers have
generally chosen to equate discovery teaching
with the process of induction., In the process,
the curriculum developers have ignored the views
of many contemporary philesophers and historians
of science who clearly reject any characteriza-
tion of science as an objective inductive pro-
cess (Medawar, 1962; Kuhn, 1962; Eempel, 1966;
and Fopper, 19€9). The general view of these
philosophers is that science is hypotbhetico-

deductive in nature.



2. The existence of disparity among philosophers,
scientists, and science educators investigating
"structure/nature of science" at the philo-
sophical level and those who apply psychologi-
cal connotations to the word. Thus, while |
philosopbers tend to discuss the nature of
science in terms of its products, processes,
and ethical systems, psychological discussions
have centered around "learuing structures”,
"cognitive structures™, etc.

4. Science educators investigating the nature/
structure of science at the philosophical level
generally distinguish between two highly inter-
related aspects of structure which Schwad (1962)
callg: “the substantive or conceptual' and -
"the syntactic or wmethodological® aspects of |
structure. Curriculum developers znd science

Y textbook writers have tended to emphasize one
aspect of this structure to the exclusion of
the other. This is true of many of the science
programs of the last two to three decades that
empbasized tThe so~called "processes of science."

The problem of analyzing what is meant by "the nature/

structure of science™ is paralleled by an equally important

problem of determining what descriptiomns of "the nature/



7
structure of science" science teachers hold., Enowledge of
such descriptions is needed because the teachers serve as
the mediators between any notions of the structure/nature .
of science and the students. _

A pumber of edncators have pointed to the signifi-
cance of the relationship between deseriptions of the
nature of science possesged by science teachers and those
possessed by their pupils. Hurd (1969) has argued that
"it is undoubtedly true that the teacher's concept of
what science is, influences not only what he teaches but
bow he teaches" (p. 16).

Carey and Stauss (1970) point out that

if the teaching of science is to reflect the

nature of science, then, it becomes obvious that

science teachers possess an understanding of the

nature of science..,.. If the teacher's under-
standing and philosophy of science is not con-
gruent with current interpretations of the nature

of science, then instructional outcoumes will not be

representative of science in spite of all efforts

that may be expended by those charged with the
development of relevant curriculum materials

(p. 3€8). |

Bajah (1975) expressed the importance of a proper
understanding of the nature of science on the part of the
African science teacher when he argued that

It i8 an educaticnal truism that a teacher,

graduate or non-graduate can only teach what

he knows..., Whichever way we look at it, a

secondary school physical science teacher for

the African environment must liken himself to
a peddler who has certain commodities to sell.



He wust be prepared to advertise and demonstrate
his knowledge of the subject he is entrusted to
teach {(p. 89). |

The published literature in science education con-

taing several reports of investigations designed to mea-
sure understandings of the nature of science held by
students, teachers, scientists, science educators, and
other groups. An extensive review of this literature as
it relatea to science teachers isg presented in Chapter II.
An analysis of these studies reveals three trends: |

1. Many of the conclusions drawn were conflicting
and at times outright insignificant.

2. GSome of the studies were either nonreplicable or
the generalizations were hased on poorly drawn
samples.,

3. The instruments used in most of the studies were
either poorly designed or were based orn the views
of science held by one or two scholars, In con-
sequence, such instruments fail to represent tae
many divergent opinions of the nature of science
(Connelly, 1969; Welch, 1969; Shulman and Tamir,
1973; and Lucas, 1975).

As pointed out earlier, the concept "nature of

science® is broad. Because of this, recent investigators
(Rowe, 1975; Ogunniyi, 1977; and Cotham and Smith, 1979)

bave based their studies on selected concepts like "“laws®,



"theories”, "concepts", hypotheses", etc., that are sub-
sumed under the nature of science. It is against this
background that the investigation reported here was under-

taken.

i

Statement of the Problem | | : é_:;

The main objective of this study was: To determiné
the descriptions of the term “scientific experiment™ that
are beld by Niger State, Nigeria, post-primary school “.
science teachers (relative to a published writing of each
of 10 selected philosophers of science). -

Sub-procblems

As pointed out earlier, a rumber of investigators

- have argued that the structure of science appropriate for.

.. each of the disciplines of science may be different

.i (Schwab, 1961; and Robinson, 1965). In addition, there

- is the general assumption that teachers with more aca-
demic preparation in science are more likely to exhibitl':l
greater knowledge of science than those with less prepara-
tion in sc¢ience. For these reasons, a number of investi-
- gations concerned with science teachers' understandings
of the nature of science were focused on relationships
between such understandings, and selected independernt
variables like educational background, number cf years of
teaching experience, credits irn science, subjects taught

by the teachers, and other variables. Because of
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problems of poor sawmpling, instrument wvalidity, etc. (out-
lined earlier) many of the studies have produced unreliable
and sometimes insignificant results. For these reasons,
answers were sought to the following questions:

1. Do teachers with a university degree describe@._
scientific ststements differently from those ”
with a Nigerian Certificate of Education?

2. Do teachers with 0-2 years of teaching experience
degscribe scientific experiments differently from
those with over 2 years of teaching experience?

3. Do teachers with a given educational background
who have 0-2 years of teaching experience des-
cribe scientific experiments differently from
those with the same educational background who
have over 2 years of teaching experience?

4, Do teachers who teach physical science courses

- describe scientific experiments differently from
those who teach biological science courses?

5. Do teachers with a given educational background
who teach physical science courses describe
scientific experiments differently from those
with the same educational background who teach

biological science courses?



< By |

Focus of the Study

The investigation being reported here involved the
development of a new instrument to be used to obtain des-
criptions of scientific experiments held by a population
of science teachers. The content of the instrument was
based on a published writing of each of 10 selected

philosophers of science to provide content validity.

Sipnificance of the Problem

In the 1977 Federal Republic of Nigeria National

Policy on Education publication, post-primary school level

was specifically identified as the level at which students
should be "equipped to live effectively in our modern age
of science and technology" (p. 10). In addition, the pro-
posed educational reform at post-primary school level in
Nigeria at which specific ewphasis is placed on developing
intermediate manpower, points to the need for science
teachers who have adequate knowledge of science.

The three points Justifying this study dealing spe-
cifically with the term "scientific experiment" are listed
below:

1. Knowledge of the nature of scientific experiment

is considered as central to knowledge of the

nature of science.
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2. Experimentation occupies a central part of the
clagssroom activities of gtudente in the science
curriculum materials of the last three decades.

3. The science teacher's selection of content and
the way he represents science to his students
may be influenced by his knowledge of the term
"scientific experiment”.

These three points are discussed in detail below:

Knowledge of the Nature of Science

Historians of science, philosophers of science and
science educators have emphasized the intimate relationship
between science and experiment. Conant (1951) describes
science as "an interconnected series of concepts and con-
ceptual schemes that have been developed as a result of
experimentation and observation and are fruitful of fur-
ther experimentation and observatiocn" (p. 25). Such re-
lationships have been stressed by other philosophers and
historians of science (Butterfield, 1957; Lachman, 1960;
and Fiebleman, 1972).

Conant (1957) argues that students require an under-
standing of science that will help them relate develop-
ments in the natural sciences to those in other fields of
human activity. He maintains that:

To do so demands an understanding of the

methods of experimental science and the growth
of scientific research as an organized activity
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of society. Experience shows that a man who
has been a successful investigator in the field
of experimental science, approaches a problem
in pure and applied science even in an area in
which bhe is gquite ignorant with a special point
of view. One may designate this point of view
"understanding science" (p. vii).

Watson (1953), a science educator, presents the idea

that:

Throughout the literature are pleas for making
instruction "functional" and for implanting the
"scientific method". These are vague labels for
certain operating abilities which we hold as de-
sirable. The activities of scientific investi-
gation are not going to become significant to
pupils through the chanting of incantations or
£illing in any five-step laboratory report forms.
Only direct experience with factors, preferably
unnamed, involved in creating some order in the
complex world will provide pupils with internal
awareness of what science iz like. At the core

of such efforts to create some understanding of
scientific inquiry is the most important invention
?f theo ast four hundred years--experimentation

p. 100).

Similar views have been expressed by Hurd (1969) and
Schwab (1962).

Curriculum Development

In developing "the nature of science" oriented curric-
ula of the past three decades, emphasis was placed on in-
dividual laboratory experience. Cne central feature of
these laboratory experiences is the emphasis on student
performance and knowledge cf the nature of experimenta-
tion in science. Hurd (1969) has stated that as a result
of laboratory experiences, students should gain knowledge

of:



5.

In

another

14

The variety, characteristics ard limitations of
experimental options and the nature of data
obtained.

The relationship between observed data, experi-
mental results, and inferences based on data and
results.

The tools of measurement and their influence on
experimental results and inferences based on data
and results.

The use of data in generating hypotheses snd de~
fining questions and conversely, the use of
hypotheses to guide data collection.

Analyzing, crdering, and displayiog data in

 precise and valid ways.
general, while the "new curricula" differ from one

in structure, sequence and content, they all share

an emphasis on demonstration and experimentation resulting

from the general dictum that "we learn by doing”.

Influence on Teacher's Classroom Behavior

A number of science educators have pointed to the pos-

sible influence that knowledge of the nature of scientific

experiments wmight have on the science teacher's classroom

behavior (Eccles, 1963%; Robinson, 1969; and Wagner and
Lucas, 1977).



15
Eccles (1963) noted the danger of a lack of proper
knowledge of the term "experiment" on the part of the
science teachers;
when a student encounters an activity labeled
"experiment", he naturally assumes that this is
an examplar of the class "experiment” and con-
sciously or uncomsciously, it contributes to
whatever conception he has of this type of human
activity. It is difficult to believe that
students can develop a Treasonably accurate under-
standing of experimentation and experimental
science if they are constantly confronted with

examples which do not have the essential qualities
(p. 85). |

Wagner and Lucas (1977) present the idea that:
Whereas the scientist is concerned with the

actual conduct of scientific research, the
teacher's main task is to give an account of
scientific investigation. There is a negotiable
difference btetween simply illustrating the use

of the scientific method and helping students
understand the nature of that methodology (p. 50).

Summary

Despite the expressed importance of the term "experi-
ment" to knowledge of the nature of science, the teacher's
classroom behavior, and the fact that it occupies a cen-

- tral position in the classroom activities of students, no
investigation has been undertaken to determine how science
teachers, science educators, scientists, students, and
other groups conceptumlize the term. Research studies
that mentiorn it at all, give it only a superficial treat-

ment under the so-called "processes of science", The pre-

- sent investigation is considered significant because:
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It will provide some descriptions of scientific
experiments which Niger State post-primary

school acience teachers possess,

It will provide information regarding incbnsis—
tencies in the descriptions of scientifie experi-
ments wbich the teachers hold. This information
will help in the planning of training programs

in advanced teacher training colleges and uni-
versities with a view of rewmoving such incon-
sistences.

The study might suggest the need to ewmphasize the

divergeut philoscophical views of the nature of

scientific experiments rather than a single

stereotype model.

The descriptions of scientific experiments held
by the teachers could be coumpared with the des-
criptions that are presented in science text-
boocks. The results of such comparisons may be
useful in designing science teachers' preservice
sand inservice pregrams related to the "nature of

scientific experiments”.
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Definition of Terms

Throughout this report, the following terms are used.

Basic knowledge of the definitions of these terms as they

are used in the context of this paper is essential:

1.

3.

Post-primary school science teachers - teachers of

science in secondary schools and teacher training
colleges.

NCE teachers - science teachers with a maximum

qualification of the Nigerian Certificate of
Education (NCE).

Degree teachers - science teachers with a minimum

qualification of the Bachelor of Science (B.Sc.)
degree.

Scientific generalizations -~ refer to scientific

hypotheses, scientific laws, and scientific
theories.

Characteristics of scientific experiments - all

statements related to the definition of scientific
experiments, design of scientific experiments,
procedures for performing scientific experiments,
and analyses and interpretation of the results of
scientific experiments.

Dependent variables - the response scale used on

the questionnaire (Appendix I).
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Independent variables - the characteristics of the

science teachers examined in the study--specifi-
cally their educational background, number of
years of teaching experience, and the subjects
they teach.

Nature of science - the nature of science is a

complex concept which has been described in a
variety of ways. It is viewed here to involve

a) the processes by which scientific informa-
tion is obtained (e.g., observing, experimenting,
etc.; b) the productes of science (e.g., laws and
theories) and the linguistic components of the
products (types of concepts found in the prod-
ucts); and c¢) the ethical systems which control
and guide scientific activities (e.g., empiricism,

openmindedness, parsimony, etc.).
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CHAPTER II

REVIEW OF RELATED LITERATURE

Introduction

In the previous chapter, a summary of the short-
comings of past research studies on science teachers'
understandings of the nature of science was provided. It
was pointed out that the models of science selected by
most of the investigators failed to account for the di-
. verse philosophical viewg of the nature of science.

This review examines five questiocns related to the
igsues presented in the previous chapter. Those five
questions are:

1. What are the arguments for using pbilosophical
writings as the basis for studies related to
understandings of the nature of science?

2. What does the research literature say about the

- nature of scientific experiments?

%. What are the designs employed in some of the
past instruments used for measuring under-
standings of the nature of science?

4, What does the current research literature say

- about science teachers' understandings of the

nature of science?
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5. What does the current literature say about the
understandings of the nature of science possessed
by science teachers relative to selected inde-
pendent variables?

An account of the implications of the reviews outlined

above on the present study is provided at the end of this

chapter.

PHITLOSCFHY CF SCIENCE AS A BASIS FOR STUDIES RELATED
TO THE UNDERSTANDING QF THE NATURE OF SCIENCE

Several asuthors have stressed the specific importance
of the philosophy of science to science education (Shulman
and Tamir, 1973%; Robinson, 19€9; Cornelly, 1968; and Wagner
and Lucas, 1977).

Wagner and Lucas (1977) contend that

The case for utilizing philosopbical analysis

as an introduction to science education takes its
force from a vital difference between the role of
the scientist and that of the science educator as
teacher. Whereas the scientist is concerned with
the actual conduct of scientific research, the
teachers' mein task is to give an account of what
is involved in the conduct of scientific investi-
gations. There is a negotiable difference between
simply illustrating the use of scientific method
and helping students understand the nature of that
methodology. So too is there an important dis-
tinction to be preserved between having information
about the substantive content of a scientific dis-
cipline, and possessing insight into the nature and
status of scientific xnowledge. Thilosophy is
uniquely fitted to analyzing what it is scientists
do when they engage in inquiry and what sort of
conclusions they can draw (p. 557).
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Dingle (1947) suggests that there should be "a criti-
cal school" within the disciplines of sclence in order to
overcome the prevalent lack of critical understanding of
the nature of science. Schaffler (1964) in commenting on
Dingle's suggestion, argues that the critical scheol within
the disciplines of science

should consigt of those scientists who speciali:ze

in making intelligible, tbe structure of their

disciplines and relating it to knowledge as a

whole. They would be scientific philosophers,

and philosophers of science, and it would be

through their studies and writings that we might

broaden and deepen our couwprehensicn of the

proper method of teaching and understanding

science (p. 441).

These arguments have been fundamental to a number of
past research studies related to the present study (Schwab,
1960; Connelly, 1968; Reobinson, 1965; Martin, 1969; Herron,

1969; Rowe, 1976: Ogunniyi, 1977; Cotham and Smith, 1979).

DESCRIPTIONS OF SCIENTIFIC EXPERIMENTS

Historically, modern science came into being when the
Aristotelian idea of "a fixed and correct" world picture
based on speculations about what ought to happen in nature,
was extended to "actual experiment~~testing of ideas
(Butterfield, 1957).

Beginning with the late 16th century and through the
influence of people like Decartes and Bacon, human knowl-
edge and ideas about the world have been built upon the

foundation of experiment.



22
The following descriptions are designed to indicate the

diversity of views on the nature of scientific experiments.

‘ Descriptions of Scientific Experiments
by Science Educators

Generally, while sciepce educators have been foremost
in urging that experiment he central to science teaching,
they have paid little attenticn to analyzing what the term
meanz. Textbook writers have generally tended to mention
it only in passing.

Woodburn and Cbourn (1965) describe experiments as
"efforts to observe an event under conditions where as
many extraneous factors as possible are elimipated or
their possibie influence taken into account. These ef~
forts, if successful, accumulate bit by bit, evidence for
or against a hypothesis.™

Plants (1966) considers an experiment as "the process
of testing a hypothesis with no known results predictable"
(p. 22). -

Pella (1961) describes an experiment as "a systematic
series of observations under controlled conditions and the
products of experiments are data or facts.”

Science textbooks tend to represent "steps" of scien-
tific experiments as consisting of: i) a statement of the
problem, ii) a single trial with an accompanying observa-

tion, and iii) a conclusion.
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In a wmore elaborate description, the National Science

Teachers' Association (1964) identified the "sequence" of

scientific experiments as consisting of:

1.

2.

manipulating apparatus to make pertinent observa-
tions,

Identifying observations which are relevant to
the experiment, |

distinguishing useful from extranecus data,
describing the probleums invelved in making
desired observations,

identifying relevant variables in an experi-
mental situation,

maintaining an accurate record of experiuental
procedures and results,

controlling those varisbles not a part of the
hypothesis being tested,

identifying sources of experimentsal error, and
describing the limitations of experimeuntal

apparatus.

A ¢ritical examination of this "sequence" shows that

no mention is mede of the interrelationships between these

syntactical (procedural) aspects of scientific experiments

and substantive (conceptual) aspects of science. This is

generally true of all educational discussions of the nature | .

of scientific experiments. Thus, despite the importance
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that science educators have attached to the role of experi-
ment in promoting an understanding of the nature of science,
they have paid no attention to any systematic analysis of

this role.

Descriptions of Beientific Experiments Held by Philosophers
of Science

In the days of Bacon, experiments were basically con-
gidered as contrived experiences; invented happenings. The
function of experimentation is "to nourish the senses, to
enrich the repertoire of factual information out ¢f which
inductions are to be compounded" (Medawar, 1968, p. 35).

In modern philosophical discourse, views on scientific
experiments are diverse. TFor descriptive convenience, the
following descriptions of scientific experiments held by
philosophers of science have been organized under two
headings:

1. The general characteristics of scientific experi-

menta.

2. The relationship between scientific experiments.

and scientific generalizations.

These are discussed in detail below.

General Characteristics of Scientific Experiments

Fhilosophers of science tend to address different
aspects of the characteristics of scientific experiments.

For this reascn, the following account is provided to
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indicate the variety of the characteristics of scientific
experiments often mentioned in philosophical discussions.

In the Dictionary of FPhilosophy, Runes (1942) defines

an experiment as "any situation set up by an investigator
with a view of verifying a theory or hypothesis." Poincare
(1921) describes a "good" experiment as that "which informs
us of something besides an isolated fact, it is that which
enables us to foresee, that is, that which enables us to
generalize" (Nash, 1963, p. 109).

Lachman (1965) defines an experiment as an arranged
series of observations usually made under controlled con-
ditions which are designed to produce particular items of
data that are repeatable and verifisble" (p. 80).

Medawar (1968) identifies four kinds of experiments
in science:

1. Inductive or Baconian experiments which attempt
to answer questions like: "I wonder what would
happen if ....7"

2. Deductive experiments which attempt to see the
effect of varying the axioms or propositions in
a scheme of deductive reasoning.

3., Critical experiments - actions carried out to
test a hypothesis or preconceived opinion by

examining the logical consequences of holding it.



26

&. Denmenstrative experiments - intended to illustrate
& preconceived trubth and convince others of its
validity.

Cther characteristics of scientific experiments often

mentioned by philosophers of science include: _

1. Porterfield (1941) maintains that the procedures
of an experiment "can be repeated to the last item
by sny one who cares to do so* (p. 122). For
Hanson (1957), this ig not possible. He waintains
that

Experiments are designed to be as chain like

as possible., It takes long training to master

the technique of design. To bring together, a

cluster of theoretical considerations in a single,

tersely expressed hypothesis, to ensure that when
these vary to a certain degree, they initiate an-
other phase of experiment, where again everything is
is held constant save one factor, to have arranged
that these in turn play roles in further phases of the
demonstration~-not just anyocne, not every physicist
can juggle all this into an efficient laboratory

operation (p. 67).

2. Many philosophers maintain that a good scientifie
experiment must be repeatable or reproducible
(Beveridge, 1850; Nash, 19€3).

3. Popper (1959) and Fiebleman (1972) argue that a
scientific experiment can never be repeated with
precisely the same set of results.

4. The results of scientific experiments are valid
only for the precise conditions under which they

were obtained.



were obtained (Beveridge, 1950; Frank, 1957;
Popper, 1959).

The results of scientific experiments are
probabilities whose credibility increases with
increase in the number of similar results
(Bempel, 1966; Nash, 1963:; Frank, 1957; and
Carnap, 1976).

The same experimental data could have several
possible valid interpretations (Nash, 1963%:
Fiebleman, 1972:; Frank, 1957:; Kemeny, 1959).

A decision to accept or reject one of two con-

flicting sets of experimental results is depen-

‘dent on the one which is able £o withstand the

severest test (Popper, 1959).
There are no distinct universal steps of pro-
cedure which are followed in the conduct of

scientific experiments (Hanson, 1957; Carnap,

1976, Hewpel, 196€). TFor Fieblewman (1972), the

process of conducting a scientific experiment
consists of four well defined steps of procedure:
a) preparation of the experimental materials,

b) preparation of the apparatus or instruments,
¢) removal of factors which might interfere with
the cornduct of experiments, and d) running of

the experiment.
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9. Frank (1957) maintains that the consequences of
cause and effect relationships c¢an not be checked
by experimental means., Carnap (1976) argues that
it is possible to use experiments to check cause
and effect relatiomships only by the manner in
which the experiment confirms or disconfirms re-
lated scientific laws.

10. The results of scientific experiwments pose more
questions than answers (Eiebleman, 1972, Hanson,
1957). - |

11. The conditions that are likely to affect the out-
come of scientific experiments caxr neither be
completely determined nor completely controlled

(Nash, 1963%).

Descriptions of Relationships Between Scientific Experiments
and Scientific Generalizations

The major source of dissgreement among philcsophers of
sclence on the nature of scientific experiments, relates %o
the relationshipg of experiments and scientific generaliza-~-
tions. | |
| Most philoscphers agree that a primary purpose for per-
forming scientific experiments is to test bypotheses
(Toulmin, 1953; Duhem, 1953; Beveridge, 1950; Medawsr, 1968;
Hempel, 1966; Fiebleman, 1972). In this respect, a hypothe-

sis is viewed as an empirically testable proposition.
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According to Hempel (19€6), "an experimental test of a
hypothesis consists of varying the values of the indepen-
dent variables and checking whether the dependent variable
assumes the values implied by the hypothesis" (p. 20).

Hempel (1966) and Fiebleman (1972) maintain that where
no specific nypotheses have as yet been proposed, "an ex-
periment could be used as a guide to the discovery of a
more definitive hypothesis.”

There appear to be two diverging views on the relation-
ship between scientific experiments and scientific theories.
On the one hand, there are guch philosophers as Fiebleman
(1972), Nash (1963), Toulmin, 1953), Harre (1972), and
Kemeny (1959), who maintain that experiments serve as a
means of the "corroboration”, '"demonstration™ or "verifi-
cation™ of scientific theories. In this respect, scienti-
fic experiments are c¢onsidered to be "theory ladden" or
"theory directed”. Hanson (19%7) maintains that "experi-
ments are infused with concepts and loaded with theories®
(p. 157).

In a second view, experiment is consgidered as = gen-
erative source of theory (Duhem, 195%). 1In this respect,
experiment is viewed as capable of providing its own direc-
tion. Claude (1895) asserts that |

it is necessary to obliterate one's opinions,

as well as that of others, when facing de-

cisions of the experiment; ...that we must
accept the results of experiments Jjust as they
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present themselves with all that is unforeseen and
accidental in them (Duhem, 1953, p. 236).

For Toulmin (1953), "the need for a theoretical frame-
work in the conduct of scientific experiments is required
only in the physical sciences. In the biological sciences,
the experimenter goes about the world with an open eye and
mind, prepared to notice anything of interest that may
occur in his path" (p. 67).

Accordirng to conventionalists like Poincare, experi-
ments may have sufficient power to refute "yourng theories"
but not to refute "old established theories" since as
science grows, the power of empirical evidence diminishes.
For Popper (1959),"once the results of experiments contra-
dict a theory such a theory has to be given up"--experi-
mental falsification of scientific theories (p. 3%8).

Contrary to Popper's view of the possibility of ex-
perimental falsification of scientific theories, Duhem
(1953) and Toulmin (1953) maintain that experimental re-
sults do not lead to the falsification of scientific theo-
ries. Duhem (1953) argues that when a theory is con-
sidered as a proposition, "it can be saved from counter
instances either by some auxilliary hypothesis or suitable
reinterpretation of its terms."

While Popper (1959) subscribes to the idea of a

single "crucial" experiment as capable of deciding between
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two conflicting theories or hypotheses, a number of philoso-
phers disagree. Hempel (1966) maintains that

even the most careful and extensive test

can neither disprove one of two hypotheses

nor prove the other; thus, strictly construed,

a crucial experiment is impossible in science...
an experiment may be crucial in less strict,
practical sense, it wmay lend support to its
rival, and as a result, it may exert a decisive
influence upon the direction of subsequent
theorizing snd experimentation (p. 28).

Quinn (1974) takes a position similar to Hempel's.
He argues that “"scientific theories car not in isolatiocn
be conclusively verified or falsified by experiment" (p. 71).

Takatos (1970) argues that there are no such things as
crucial experiments, at least not if these are meant to be
experiments which can instantly overthrow a research pro-
gran" (p. 173). He msintains that

Within a research programre "minor crucial

experiments” hetween subsequent version are

quite common. Experiments easily 'decide!

between the n-th and n+1-th scientific version,

gince the n+1-th version is not only incon-

sistent with the n-th, but alsc supersedes it
(p. 157).

Dubem (1953) takes the position that

The only thing the experiment teaches us is that
anong the propositions used to predict the
phenomenon and to establish whether it would

be produced, there is at least one error, bdut
where this error lies, is Jjust what it does not
tell us (p. 183).

~ Kemeny (1959) considers the verification of scien-
tific theories as the third and final step of the scien-

tific method and also maintains that the more predictions
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from the theory are verified by the ocutcomes of scientific
experiments, the greater the credibility of the theory.

Carnap (1976) argues that experiments do not provide
a direct basis for the confirmation of scientific theories.
Rather, it is "the indirect confirmation of empirical laws
by experiments which provides for the confirmation of
theories" (p. 42).

Toulmin (1953) maintains that the scientist aims at
expressing the results of his experiments in the form of
generalized statements (laws)., This view iz similar to
that of Carnap (1976). For Fiebleman (1972), the results
of scientific experiments can be used to predict new
scientific laws,

Caupbell (1952) asserts that laws are not capable of
being proved by experiments, but are capable of being dis~
proved by then.

The descriptions of scientific experiments presented
above show the variety asnd sometimes conflicting nature
of views on this aspect of science. This issue of variety
of views on aspects of the nature of science is one factor
which past researchers have falled to take into account in

the design of their studies.
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ANALYSES OF SCME SELECTED INSTRUMENTS THAT HAVE BEEN
DESIGNED T0 MEASURE UNDERSTANDINGS OF THE
NATURE CF SCIENCE

Over the last two decades, several instruments have
been developed for the expressed purpose of mqasuring
understandings of the nature of science held by science
teachers, science educators, students, scientists, and other
groups. The issue of the validity of several of these in-
struments has been raised by Aikenhead (1973), Lucas (1975),
Doran, Guerin and Cavalieri (1974), Doran (1978a and 1978b),
end Rowe (1976). Scome of these instruwments include:

Nature of Science Scale (NOSS) ~ Kimball (1967):

This ipstrument is based on the views of Conant and Bronow-
ski. It was developed as a tool for "determining whether or
not science teachers have the same views of science as those
of the two scientists." The validation panel consisted of
scientists, science teachers, philosophy majors, and science
majors., The model of the nature of science was based on
statements prepared on the basis of eight asgsumptions about
important characteristics of science. In an extensive study,
the odd~-even reliability coefficient of the instrument was
found to be 0.%4. The developwment, validation, and relia-~
bility measures were carried out with college graduates.

Processes of Science Test (POST) - This instrument

congists of 40 multiple choice items designed by the Bio-

logical Science Curriculum Study (BSCS) to measure the
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ability of respondents to a) recognize adequate criteria for
accepting or rejecting hypotheses, and b) evaluate the gen-
eral structure of experimental design in science (including
the need for control, reliability, adequate sampling, and
careful measurement).

Test for Science Process (TOSP) - This instrument was

developed by Tannenbaum (1971) "to assess achievement and
diagnose weaknesses of science process skills possessed by
grades seven, eight, and nine pupils." The 96 items on the

test were based on Science - A Process Approach model of

science process skills: observing, comparing, quantifying,
measuring, experimenting, inferring, and predicting. Three
thousand students were involved in validating the instru-
ment which had a KR-20 reliability of 0.91.

Scientific Observation and Comparison Test (SOCT) -

This instrument was developed by Hungerford and Miles (1969).
The observation part of the instrument was scored on three
dimensions: a) excellence in drawing, b) ability to com-
municate biological features, arnd c) labeling of these fea-
tures. The comparison portion of the instrument involved
ability to reasonasbly and accurately compare.

Wisconsin Inventory of Science Process (WISP) and

Science Process Inventory (SPI) - are composed of 93 and

135 items, respectively. Both instruments are designed to

be used to secure information relative to a) the assumptions
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of science, and b) the operations of science. The possible
responses are: "accurate", "inaccurate" and "I don't know
or understand" for WISP, and "agree" or "disagree" for SPI.
Scores on the instruments are based upon "wrong" or "cor=-
rect" response to each of the items.

Science Preocess Skills Test (SPST) - was developed by

Molitor and George (1976). The instrument consists of 18
items intended to assess a) inference, and b) verification
Skllls of pupils in grades four, five, and six.

Test on Understanding Science {(TQUS) - This was de~

veloped in two different versions (Form W: Cooley and
Klopfer, 1961; and Form Jw: Klopfer and Carrier, 1970).

TOUS consists of 60 items of the multiple choice type that
are categorized into three subscales: a) understanding

about scientific enterprise, b) the scientists, and d) meth-
ods and aims of science. Content was based on the views of
scientists, science educators, historians and philosophers
on each of the subscales. | |

Science Support Scale (SS8) - This instrument was de-

veloped by Schwarian (1968) on the basis of Barber's "Sci-
ence and Social Order" (rationslity, utilitarianism, in-

dividualism, progress and meliorism). An item analysis of

students’ responses to the items on the instrument led to o

the selection of eight items for inclusion in the final

version of the instrument.
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Test on the Social Aspects of Science (TSAS) - This

instrument was developed by Korth on the basis of the
following assertions:
a) Science and technology interact with each other
and the society,
b) the scientific enterprise is an internally
regulated institution, and
¢) the changes in society resulting from advanced
science and technology may produce social,
economic, political prcblems which must be merged
through appropriate social and political pro-
cesses.
TSAT was intended for detecting "differences between
science oriented and non-science oriented aspects of

science."

Nature of Scientific Laws, and Theories (NSLT) and

Nature of Scientific Conceptions, Laws, and Theories (NSCLT).

NSLT was developed by Rowe (1976) while NSCLT was
developed by Ogunniyi (1977). Both NSLT (56 statements)
and NSCLT (68 statements) were designed to determine under-
gtandings of the nature of science by using statements re-
lated to the philosophical nature of scientific concepts,
laws, and theories. The items were arranged on a modified

Likert-type scale (agree, disagree, don't know, and
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incomprehensible) and were based on published positions of
five (NSLT) and six (NSCIT) selected philoscphers of
science.
Some other instruments related to measures of the
understandings of the nature of science include:
Understanding the Nature of Scientific Inguiry Test
(UNSE): Jungwirth, 1970.

Science Attitude Inventory (SAI): Moore and Sutman,

1970.
Science Attitude Scale (SAS): Allen, 1959.

Science Attitude Questionnaire (SAQ): Wilson, 1954,

Burmester Test of Aspects of Scientific Thinking

(BTAST): Burmester, 1953.
Pacts About Science Test (FPAST): Educational Testing
Service, 1958.

Inventory of Science Attitudes, Interests, and

Appreciations (ISATA): Swan, 1966.

Nature of Science Test (NOST): Billeh and Hasan, 1975;

and Billeh and Malik, 1977.

In general, the range of instruments that have bteen
developed to measure understandings of the nature of science
exhibit a wide variety of patterns, ideas and titles. The
response mcdes range from "correct answer” or "multiple

choice" formats, to Likert-type scales. Criticisms which



have been directed towards the wajority of these instrue

ments include:

1

Multiple choice or correct answer type instruments
which have been based upon a single "model® of
science do not adequately reflect the divergent
philosophical viewpoints about the nature of
science. Such ingtrument developers fail to rea-
lize that anawers could be scored differently de-
pending upon the philosophic orientation of thke
test respondent. Some instruments with such
stereo-typed images of science include: TOUS,
TOSP, POST, and NOST (Aikenhead, 1973; Doran,
Guerin, and Cavalieri, 1974; Lucas, 1975; Con-
nelly, 1969; and Wheeler, 1968).

Instruments like NOSS, SAQ, and SSS that utilize a
Likert-type scale (i.e., "agree", "disagree", etc.)
have generally derived items from the writings of
culy one or two scholars. Such instruments, there-
fore, fail to represent the many diverse cpinions
that exist about the nature of science (Welek, -
1969; Connelly, 1969; Aikenhead, 1973%; Doran,
Guerin, and Cavalieri, 1974; Lucas, 197%5).
Instruments like TQOSP, LSPT, SOCST, UNSE, FOST and
MPS that attempt to test respondents' abilities to

perform process skills, fail to solicit the role



of such “processes” in the developument of
scientific knowledge.

4. Instruments that solicit an attitude toward sci- -
ence do not necessarily measure understanding of
the nature of science. BSuch instruments include
SAS, SSS, SAI, ISAIL, and SAG (Aikenhead, 1975;
Rowe, 1976).

5. Instruments like TOSF (based on science textbooks)
and BTAST, and FAST (which lack documentation)

have the problem of phileosophic validity.

RESEARCH STUDIES ON SCTENCE TEACHERS'
UNDERSTANDINGS OF THE NATURE OF SCIENCE

Several studies have been undertsken to ascertain ele-
- mentary and secondary school science fteachers' understand-

ings of the nature of science.

A Study Using the Interview Procedure to Determine Science
Teachers' Understanding of the Nature of Science '

Herron (1969) taped interviews with 50 high school
teachers in an attemwpt to determine a) the teachers' percep-~
tions of the point of view of scientific inquiry as con-~
tained in curriculum materials they were using, and b) the
point of wview held by the teachers themselves. QOf the 50 _
teachers involved in the study, 17 taught CHEM study or CBA, .
17 taught PSSC physics, and 16 taught BSCS biology. S



Analysis of the tape recordings led the investigator to
conclude that
only six respondents were able to verbalize con-
cerning the inquiry purposes of their course
materials at somewhere near the level of pre-
sentation represented by the materials they were
using. Only two respondents demonstrated suf-
ficient familiarity with the questions and issues
concerning problems of teaching science as inquiry
to be able to discuss course materials in some
large context.
The implications of Herron's study are weakened by the
fact that: 1) it does not appear to be replicable, and
2) the sample was biased. Herron reported that "the for-
mat and strategy of the interview could be changed if early
questions were not successful in eliciting relevant infor-
mation." Further, the population was improperly defined--
summer institute.
A Study Using the Nature of Science Scale (NOSS) to Mea-
gure Science Teachers' Understanding of the Nature of
Science

Kimball (1967-€8) compared scores of 419 scientists
and 78 science teachers of similar academic background con
NOSS. He found no significant difference between the scores
of the two groups. The fact that Kimball used a non-random
sample for the study prohibits any generalizations of his
results beyond the subjects actually studied.
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tudies Uszing SPI snd WISP to Measure Science Teachers!
Understanding of the Nature of Science

In a study in Nigeria, Falayajo (1974} administered
SPI, Test of Science Knowledge, Critical Thirking Apprai- |
sal and Cognitive Preference Examination to a group of pre-
service science teachers in four Advanced Teacher Training
Colleges. The investigator reported that the general per-
formance of the teachers was "fairly low" on all the in-
struments. In addition, the investigator found no signifi-
cant difference between 1st, 2nd ard 3rd year preservice
teachers. Falayajo attributed the low performance of the
. pupils to the fact that "no opportunity is provided in
the students' programs for gaining such knowledge.”

Miller (1969) used SPI to compare the knowledge of
the processes of science held by six prospective elemén-'
tary school science teachers, prospective secondary social
studies teachers, high school science teachers, and re-—.
gsearch scientists. The investigator reported that pros-

- pective elementary schooi science teachers scored higher

. than high school science teachers, about the same as pros-
pective secondary social studies teachers, and lower than
the other groups.

Studies Using TOUS to Determine Science Teachers' Under-
standings of the Nature of Science

Miller (1963%) utilized TCUS to compare the level of

understanding of the nature of science possessed by science
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teacters and high school students in grades ?-12.h The iﬁ-
vestigator reported that 50% of the teachers scored lower
than 38% of the high ability students in grades 11 and 12.
The implication of this finding is that a large portion of
the teachers had less understanding of the nature of science
than the students they teach. The overall mean score was S
42.10 for the high ability 11th and 12th grade students and .
42.60 for the teachers. Co ST

Schmidt (1967-68) repeated Miller's study with grades
9, ﬂO,.ﬂﬂ and 12 high abllity students, science teachers and
11& scientists. The mean scores for the students, teachers "
and scientists were 41,00, 45.50, and 50.80, respectively.
The interesting part of the study was that 5% of the high
ability 9th grade and 9% of the high ability students in the
11th grade obtained scores higher than those obtained by
50% of the teachers.

Broadburst (1967) used Porm W of TOUS in a study in-
volving 108 senior secondary school chemistry students and
their teachers in Australia. The investigator reported
-that when the scores of all the pupils were compared with
" those of their teachers, it was found that the teachers'

acores were significantly better.
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Nature of

Scientific Concepts. Laws, and Theories to Describe Con-

ceptualizations of the Nature of Science Secondary School

Science Teachers Hold

Rowe (1976) constructed a 56-item questionmnaire on the

nature of scientific laws and theories (based on a published

writing of each of five phileosophers of science:

Popper, Heumpel, Kemeny, and Carnap). The study
randomly selected sample of 50 Wisconsgin middle
science teachers. The attempt was to determine

teachers' conceptualizations of scientific laws

Lachman,
involved a
gchool
i) the

and theo-

ries, and ii) the opinions of the teachers relative to the

importance and chance attainment of a set of cbjectives re-

lated to the understanding of the nature of the

- enterprise. The results are as follows.

scientific

1. The teachers were inconsistent relative to the

meanings they associated with the terms "scien-

tific law" and "scientific theory". The teachers

varied greatly in their conceptualizations of

laws and thecories.

2. The teachers agreed wore often with Lachman and

least with Popper.

%, Nearly 60% of the teachers considered the under-

standing of how scientific¢ knowledge is developed

as the goal of highest priority or expectation,
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.
Nearly 40% of the teachers considefed the under-
standing of sc¢ientific laws and theories as the
goal most readily achieved by their pupils.
Nearly €0% of the teachers considered awareness
of the cultural and historical azspects of science

as the least attainable goal of science teachirg.

Ogunniyi (1977) constructed a 68-item instrument to

determine the conceptualizations of “"scilentific concepts",

"scientific laws" and "scientific theories" held by Ewara

State, Nigeria, secondary school science teachers. The

statements were written to reflect a published writing of  ﬁ

seven selected philosophers of science (Nash, Frank, Hem=

. pel, Popper, Kemeny and Carnep). The investigator sought

to determine the following:

!

1.

The conceptualizations of the teachers relative
to definitions, characteristics, formation and
function of scientific laws, theories and con-
cepts.

The consistency of the.teachers' conceptualiza-
tions relative to those identified with each of
the selected philosophers of science.

The similaritieg or differences which might exist
between Kwara State science teachers and Wisconsin

middle gchool science teachere in their responses



The

2.

Se

to statements about scientific concepts, laws
and theories.

reported results are:

The teachers hold conceptualizations of scien-
tific concepts, laws, and theories that are fre-
quently disparate and sometimes contradictory
or philosophically inconsistent.

The teachers appear to prefer Hempel's concep-
tualizations of scientific concepts, laws and

theories.
In contrast to Wisconsin middle school science

teachers who prefer inductive conceptualizations
of the nature of science, Kwara State secondary
school science teachers tend to endorse
hypothetico~deductive conceptualizations of the
linguistic structure of science.

Ewara State science teachers tend to agree with
all the selected philosophers of science as a
group rather than as individuals on certain as-

pects of the linguistic structure of science.
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Studies like those of Rowe (1976) and Ogunniyi (1977)

that attempt to determine which of the selected philo-

sophical

views the teachers identify most with, must

satisfy both of the following conditions.

1.

Utilize equal numbers of statements from each of

the selected philosophers.
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2. Frnsure that any two sets of philosophical state-
ments being compared are on a one-to-one basis,
in disagreement with one another. This weans
that iz order to legitimately say that a group
of teachers prefer the views of orne philosopher
over those of the other, the two philosophers
must clearly hold oppesing views on the same
property of the concept of science under dis-
cussion. |

While Rowe (1976) failed to satisfy both of these
conditions, Ogunniyi (1977) satisfied only the first con-
dition,

From analyses of the studies related to elementary and
secondary school science teachers' understandings of the
nature of science reviewed in this section, it may be con-
cluded that the findings have been conflicting and in a
number of cases, insignificant. Carey and Stauss (1969)
and Billeh and Hasan (1975) used the findings of most of
these studies to conclude that science teachers do not have
en adequate understanding of the nature of science. Such
claims are questionable for three basic reasons. | -

1. Most of the researchers have failed to provide an

adequate repregentation of what it is they mean by

the "nature of science."



&7

2. As pointed out previously, the instruments used in
most of the studies may not necessarily be mea-
suring what they were designed to measure (e.g.,
the issue of the construct validity of many of
the instruments is questionable).

3. In most of the studies, the conclusions have been
based on combined responses to a set of unrelated
items. Since the nature of science is broad, the
researchers have failed to identify the particu-
lar aspects of the nature of science the teachers

have misconceptions about.
RESEARCH STUDIES ON RELATIONSHIPS BETWEEN SCIENCE

TEACHERS' UNDERSTANDINGS OF THE NATURE OF SCIENCE
AND VARICUS INDEPENDENT VARIABLES

Effect of Special Training

Welch and Walberg (1967-68) attempted to determine the
understandings of the nature of science held by four groups
of physics teachers attending a six-week summer institute.
The instruments used in the study included: TOUS, SPI and
Test on Selected Topics of Physics (TSTP). The three tests
were administered to the teachers at the beginning and end
of the six-week institute. The investigators found that:

1. All the four institutes showed significant gains

(p>> 0.005) on at least one of the three



instrunents while two of the institutes showed.l
significant gains on all the three institutes.
2. Scores of TOUS closely parzlleled that on SFI.
Billeh and Hasan (1975) attempted te deterwine the ef-
fécts of special instruction on secondary school science
teachers' understanding of the nature of science. The in-
vestigators also attempted to identify the variables that
might contribute to gains in understanding of the nature
of science. The instrument used in the study is a wmodi-
fied version of TOUS (Nature of Science Test), The popu-
lation consisted of 171 teachers in Jordan who were attend-
ing a summer trairing course. The investigators reported
. that there was no significant difference between teachers'
gain scores and any of the investigated variables: edu- |
cational qualification, the subject(s) they teach, their
science teaching experience, and previous inservice_tra;n-
ing experience (at 0.05 level of sgignificance).
| Kennedy (1973) studied the effect of "process ap-
proach instruction" on changing pre-service elementary
science teachers' attitude toward science. The factors
utilized for umeasuring the attitudinal changes include:
(1) observation, (2) measurement, (3) process approach,
(4) controlling variables (5) interpreting data, and
(6) forumulating = problem. The entire course structure |

was individualized and it required the teachers to develop
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and implement science process experiments that would ac-
count for all the variables considered. The investigator
reported that the overall attitude of the preservice teach-
ers toward science becawme significantly more receptive and
their attitude strengthened greatly after instruction
utilizing a "process approach."” He interpreted this to

be an indication that special instruction results in im-

proved understanding of the nature of science.

Cther Independent Variables

Very few investigations were undertaken to determine
the relationship between teachers' understanding of the
nature of science and selected variables like teaching ex-
perience, academic background, subjects taught, sex, etc.

Jerkins (1967) reported a study designed "to measure
understanding of science and scientists by selected aca-
demic groups." This investigation was conducted at three
institutions of higher learning and involved a number of
classes in each of the following categories.

1. Freshmen and sophomores enrolled in general edu-

cation science courses for non-science majors.

2. Elementary school science teachers enrclled in

graduate level science education courses.

3. Upperclassmen enrolled in special methods courses

for prospective secondary school science teachers.
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4, Secondary school science teachers enrolled in
graduate level science education courses.

In terms of overall performance, Jerkins reported that:

- "The analysis of data showed that B5% of the classes were

remarkably similar with regard to average TOUS total

scores.”

He further reported that comparable academic
groups at a given school were not different with regard to
understanding of the nature of science and scientists as
measured by TOUS-Form W, while there were significant dif-
ferences in overall couparisons invelving comparable groups
at different schools, |

Carey and Stauss (1968) reported a study concerning
prospective secondary school science teachers' under-
standing of the nature of science as measured by WISP. The
investigators attempted to determine the teachers' under-
standing of the nature of science as related to the fol-
lowing independent variables: (1) number of quarter credit
. hours of course work in various college-level science and n
mathematics courses, and (2) grades achieved in these re-
spective areas. The results of the study with 17 prospec-
tive teachers revealed no significant relationship between
understanding of the nature of science (as measured by
WISP) and the academic variables considered (with the ex-

ception of WISP pre-~test scores and the biological science

.~ averages). This led the investigators to coanclude that
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"an understanding df the.nature of ééiénce may not neces- _¥
sarily be achieved through the completion of college science
courses, or not participating in the activities of science
in these courses."”
In a more elaborate study, Carey and Stauss (1969) used
TOUS and WISP in an attempt to determine the relationships
between the teachers' understandings of the nature of
science and selected academic variables: (1) high school
science units, (2) college mathematics hours, (3) COllegefL 1V
biological science hours, (4) college physical science |
hours, (5) college mathematics grade point average, (6) col-
lege biclogical science grade point average, (7) college
pbysical science grade point average, (8) total college
science grade point average, and (9) total college grade
point average. The sfudy involved %5 prospective secon-
dary school science teachers. Analyses of the scores on
the two instruments led the investigators to conclude that:
1. Little, if any, relationship exists between the
| prospective secondary and elementary school
science teachers' understanding cf the nature
of science and the academic variables.
2. Little, if any, relationship exists between the
academic variables and the prospective secondary
and elementary school science teachers' under-

standings of the assumptions on which science is
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based and the processes by which it operates and
progresses.
However, the investigators were quick to point out
that these findings are generalizable only to the population
of teachers studied.

Meinhold (1961) used the Test of the Methodology of

Science to test the relationship between science teachers'
understanding of the nature of science and certain selected
variables: professional training and teaching experience.
The investigators reported no significant relationship.
Lavach (1968) designed an inservice program on the his-
torical development of selected physical science concepts
for teachers representing several disciplines and various
levels of professional experience. The purpose of the
study was to "examine any changes in attitude toward an
understanding of the nature of science, scientists, the
scientific enterprise and the objectives or aims of sci-
ence on the part of students after exposure to an his-
torically oriented program."” The investigator reported
that teachers made statistically significant changes in
their attitude towards the nature of science. This gain
was, however, not related to the subjects they teach,
undergraduate major, previous inservice participatiocn, or

length of teaching experience in the same subject.
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Using a population of prospective elementary and secon-
dary school science teachers in five Wisconsin universities,
Wood (1972) found that (as measured by WISP):

1. Prospective elementary school science teachers
scored lower than prospective secondary school
science teachers (65,%5:68.67),

2. No significant correlation existed between fac-
tors like sex, number of university credits, |
years of high school science and teachers' under-
standing of the nature of science.

3, There was significant correlation between average
grade point of science c¢ourses taken at univer-
sity level, and scored on WISP (at 0.01 level of
significance).

Mackay (1971), working in Australia, used TOUS to
measure how teacher understanding of the nature of science
is related to the following selected variables: (1) teach-
ing experience, (2) subject(s) taught, (%) sex, and (4) in
service training course attendance. The investigator re-
ported that teacher understanding of the nature of science
was related to each of these variables.

Billeh and Malik (1977) developed an instrument based
on a modification of TOUS and WISP. The instrument con-
tained 55 items and was administered to three groups of

teachers in different training programs in Pakistan. The
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three programs are: Bachelor of Education (B.Ed.), Master

of Education (M.Ed.) and Master of Arts in Education

(M.A.Ed.). The investigators sought to determine:

1.

the relative levels of understanding of the

nature of science as well as each of its com-

- ponents among procspective science teachers, and

any significant difference in understanding of
the nature of science and understanding of its
components among prospective science teachers who

have completed a certain program and those |

- are Jjust enrolled in that prograum.

Analysis of the scores on the tests led the investi-

gator to conclude that:

1.

the level of understanding of the nature of
science possessed by prospective scilence teachers
was generally unsatisfactory, and

The M.Ed. and M.A.Ed. programs are equally efféc-
tive in developing a better understanding of the
nature of science., 7The two programs were more ef-
fective than the B.Ed. program in promoting an

understanding of the nature of science.

Studies of the relationships between science teachers’

understanding of the nature of science and selected inde-

pendent variables have produced inconclusive results, In

addition to the problems related to the validity of the

neasuring instruments outlined previously, the
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incornclusiveness of most of the findings can be attributed
to the fact that the conclusicons have been based upon analy-
ses of responses to a combination of test itews. Thus,
while it may be possible for an investigator to find dif-
ferences in responses to individusl items, such differences’
might be confeounded by responses to other items on the ques- |

tionnaire.
TMFLICATIONS FOR THE PRESENT STUDY

In Chapter I and the previous sectioms of this chepter,
criticisms were leveled against many of the past research
efforts at measuring science teachers' understandings of the
nature of science. The studies were specifically criticized
on the following grounds:

1. Many of the instruments used were based on particu-
lar interpretations of the nature of science. Thus,
such researchers failed to include other existing
legitimate interpretations of the nature of science
in the design of their studies. This criticism
goes for many of the studied where "correct an-
swers" were sought to items bhased on narrow
views of science.

2. Since the nature of science is a broad concept, a
single instrument designed to measure all aspects

of science is doomed to fail.
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Many of the studies which examined relationships
between science teachers' understandings of the
nature of science and various independent variables,
have arrived at their conclusions by combining re-
sponses to different items on the instrument.

Such researchers overlocked the possibility of

inter-item interaction when examining responses.

For these reasons, the procedures adopted in the cur-

rent study were designed to overcome the shortcomings of

past research studies on the understandings of aspects of

the nature of science. Specifically;

1.

2e

a new instrument was to be developed for use in
obtaining descriptions of scientific experiments
held by science teachers,

the pattern of response was to be such that it did
not solicit "correct answers",

the instrument was to be based on the views of a
larger number of philosophers of science than in
most of the previous studies. However, it must be
peinted out that this does not mean that the items
on the instrument used in the study being reported
represent the universe of views on the nature of
scientific experiments,

each of the items on the instrument was to des-
cribe only one particular property of scientific

axperiments, and
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5. where comparisons of respondents are made, con-
clusions are to be drawn on the basis of responses
to individual iteums.

As in many of the previous studies reviewed, the in-
strument used in the current study was designed in the form
of a questionnaire for the following reasons:

1. It assures respondents of their anonymity. EKen-
dall (1954) has argued that "the questionnaire has
the distinct advantage of decreasing motivations
to give dishonest and evasive answers" (p. 115).

2. All the respondents receive the same set of ques-
tions phrased in exactly the same way. This pro-
cedure yields data which are easily comparable.

2. The procedure is economical and thus allows the
investigator to reach a greater number of respond-
ents with minimum cost (Sax, 1968; Nesbitt, 1970).

A questionnaire does have the disadvantage of yielding
information on what people say, not necessarily what they do.
In addition, there is the problem of the content validity of
the instrument as well as the consistency of the individ-
unal's responses. The procedure of including "check ques-
tions" (Chapter III) is supposed to help in assessing the
consistency of the individual's responses (Goode and Hatt,
1952; Berdie and Anderson, 1974; and Engelhart, 1972).
Content validity can be taken care of during the develop-

ment of the instrument (Chapter III).



CHAPTER III

FROCEDURES

Nature of the Study

The purpose of this study was to determine the des-
criptions of scientific experiments held by Niger State,
Nigeria, post-primary school science teachers during the
1978-79 schocl year. In addition, an atteumpt was made to
determine if differences in educational background, number
of years of teaching experience, and the subject(s) taught
are accompanied by differences in the way the teachers

describe scientific experiments.

Design of the Study

Instrument Development

In order to answer the questions addressed in the cur-
rent study, a new instrument consisting of statements on
the nature of scientific experiments was developed.

The statements or the instrument were obtained as
follows: " 1

1. ZEach statement was written as a summary of a set

of sentences or paragraphs dealing with specific
aspects of the nature of scientific experiments

(see 2 below) in any one of the following 10

selected philosophical publications.
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a) The Art of Scientific Investigation. W.I.B.

Beveridge (1950).

b) An Introduction of the Philosophy of Science.

Rudolph Carnap, edited by Martin Gardner
(1976).
¢) Philosophy of Science. PFPhillipp Frank (1962).

d) Patterns of Discovery. Norwood Hanson (1958).

e) Philosophy of Natural Science. Carl R. Hempel
(1966).
f) Scientific Method: The Hypothetico-

Experimental Procedure of the Physical Sciences.
James K. Fiebleman (1972).

g) A Philosopher Looks at Science. John G.
Kemeny (1959).

h) The Logic of Scientific Discovery. Karl Popper
(1959).

i) The Nature of the Natural Sciences. Leonard

Nash (1963).
j) The Philosophy of Science: An Introduction.
S. Toulmin (1960).

The 10 texts were selected from an initial list of
over 25 philosophical publications on the basis of
the fact that they contained specific sections

dealing with aspects of scientific experiments.
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2. Each of the 10 texts wae critically examined page

| by page for discussions of issues related to cne or
more of the following categories:

a) definitions of scientific experiments,

b) procedures for conducting exientific exﬁéri-
ments,

¢) analyses of the results of scientific experi-
ments,

d) interpretation of the results of sciemtific
experiments, o T

e) design of scientific experiments, and

f) functions of scientific experiments (with
specific reference to relationships between
scientific experiments and scientific general-
izations like hypotheses, laws and theories).

| 3. The statements were compiled and submitted to a

peanel of three philosophers of science at the

University of Wisconsin for independent and criti-

cal examination (wvalidation).

a) Statements considered by two or more of the
members of the panel as having been quoted _ 
out of context were re-written and resubmitted
to them for examination,

b) Statements identified by two or more of the

members of the panel as not representing the



views of the philcsophers with whom they were.'
identified were eliminated.

¢) One of any two statements considered by the
meubers of the panel as being duplications
was eliminated,

At the end of the validation process, an initial

list of 60 statements was obtained.

In sddition te the 60 statements, five statements

were written by the investigator and included on

the instrument. These statements reflected views

that are essentially contradictory to statements

identified with the 10 selected philosophers cof

science or commonplace usage of the term "scien-

tific experiment". ZExample of such contradictory

statements: i

Ay

The results of a particular scientific
experiment can have several pecssible
interpretations.
The results of a particular scientific
experiment can have only one possible
interpretaticn.
These sets of contradictory statements were in-
cluded on the instrument to serve as "check-
guestiona". These "check-questions" were meant
to help determine the consistency of the
individuals' responses to the items orn the instru-

went. This is in line with the suggestioms ¢&
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of Ackoff (1953%), Goode and Hatt (1952), Birdie and

Anderson (1974) and Engelbhart (1972). The specific

agsumption here is that a consistent respondent

would not give a positive response to both mewbers

of pairs of contradictory statements.

The 65 statements masking up the initial instrument

were pilot-tested by submitting it to:

1) Twelve prospective science teachers at the Ad-~
vanced Teachers' College, Zaria, Nigeria.

b) Twelve prospective science teachers at the
University of Ibadan, Nigeria.

This was done in order to: |

a) ascertain if respondents had difficulty folloﬁn';
ing the directions for the completion of the R
instrument, and .

) identify those statezments with which the
respondents had language difficulty.

In addition, the respondents in the pilot-study

were asked to include any comments they might have

on the questionnaire as a whole, From analyses of

the responses and comments of the respondents in |

the pilot-study, it was found that six statements

needed to be reworded while three were cancelled

because over 90% of the members of the pilot group

expressed difficulties with them,
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The 62 statements which made up the final question-

naire were arranged in such a way that no two statements re- -

lated to the same aspect of scientific experiments occurred
in sequence. For example, no two statements describing re-
lationships between scientific experiments and scientific
laws were allowed to occur in immediate sequence,

The 62 statements making up the final questionnaire

(Appendix I) were of two types:
1. Statements related to the characteristics of
scientific experiments. Specifically, these
statements refelected views related to defini-
tions and design of scientific experiments, analy-
ses and interpretations of the results of scien-~
tific experiments, and procedures for conducting
scientific experiments. Exawpples follow: |
a) All observations made during the conduct ofm
scientific experiments are always planned
before hand. | |

b) Scientific experiments.invnlve only the
process of induction.

¢) There are no uriverssally accepted steps of
procedure that are followed when performing
scientific experiments. |

d) There are universally accepted steps of pro-
cedure that are followed when performing

scientific experiments.
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e) Scientific experiments always involve quanti-

tative observations.

Statements describing relationships between sci-

entific experiments and scientific generalizations;

Specifically, such statements describe relation-

ships between scientific experiments and scientific

theories, laws and hypotheses. Examples follow:

a) A single scientific experiment could be cru-
cial in any decision to accept or reject one
of two c¢onflicting scientific laws.

b) Scientific experiments are performed to falsi-
fy scientific hypotheses.

¢) Scientific experiments are performed to con-
firm scientific theories only by the indirect
confirmation of the consequences of the
theories.

d) BScientific experiments are performed to pre-
dict new scientific laws.

e) Scientific experiments are performed to con-
firm scientific laws{

In addition, there is one statement (Number 40,

Appendix I) that does not fit into any of the

above groups. However, since no rigid categoriza-

tions of the statements was made on the final

questionnaire, this was not considered as a
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problem. Further, the distinctions referred to
above were made werely for the purpose of descrip-
tive convenience. The statements are so inter-
related that they can not be classified into

independent categories.

Fopulation of Teachers Studied

In order to answer the questions addressed in the cur--'
fént study, the instrument containing the 62 statement on
scientific experiments was administered to a population of
103 science teachers in 22 of the 28 post-primary schools
in Niger State at the time the study was conducted. Figurs
"1 shows the location of the towns visited while Appendix II
lists the names of the schools involved, Figure 2 shows
the distribution of the teachers according to the variables

examined in the study.

Dependent Variables

In order to solicit the descriptions of scientific :
experiments which the population of teachers involved in.
the current study hold, the teachers were asked to respond
to one of two ways to each of the €2 statements on the
questionnaire (Appendix I).

1. "Yes" - indicating that the respondent would in-

clude the particular statement in his/her des-

cription of scientific experiments.
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2. "No" - indicating that the respondent would not
include the particular statement in his/her des-
eription of scientific experiments. | |

The "yes" responses of the teachers to each of the

_items on the questionrnaire were used in obtaining the des-

criptions of scientific experiments that they hold.

Independent Variables

In order to address the three sub-problems in the
study, the "yes" responses of the teachers to each of the
62 statements on the questionnaire were classified accord-
ing to their educational background, years of teaching ex-
perience, and the subject(s) they teach (Figure 2).

Education Background

Each of the teachers involved in the cufrent study has.
one of two educational qualifications: (i) university de-
gree, or (ii) Nigerian Certificate of Education (NCE).

There are four basic differences between the two
groups of teachers.

1. Prospective NCE teachers enter the three-year
training program following five years of post-
primary school while prospective degree teachers
enter the three-year university training program
following six to seven years of post-primary

school.
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The amount of science which prospective NCE
science teachers studied by the end of their
training is usually equal to the amount of
science studied during the first university year.
More emphasis is placed on education and psy-~
chology courses at the NCE level (in proportion
to the amount of science) than at the university
level.

In alwost all cases, teachers with NCE qualifica-
tion are assigned to teach the jurnior grades
(grades 1-2) while teachers with university de-

gree teach the senior grades (grade 4 and above).

In order to determine if a difference in educational

background is accompanied by differences in the way the

teachers describe scientific experiments, the "yes" re-

sponses of teachers with a university degree were compared

to the "yes" responses of those with the NCE qualification

on each of the €2 statements,

Teaching Experience

In order to determine if differences in numbers of

years of teaching experience are accompanied by differences

in the way the teachers desacribe scientific experiments, the

103 teachers were classified according to two levels of

teaching experience (as a group, and within each educational

background): (i) O-2 years, and (ii) over 2 years.
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The two levels of teaching experience were selected be-
cause two Years represents the minimum number of years that
teachers have to serve before they can gqualify to go for
further training. This is particularly true of teachers
with NCE qualifications whe wish to go into the university

to earn a degree. e _
In order to speclflcally address this problem, com-

pariscns of the "yes" responses to each of the &2 state-
ments by the following groups were made. R
1. All teachers - 0-2 years experience vs over 2 years
experience. s
2. NCE teachers - 0-2 years experience vs over 2 years
experience,
%. Degree teachers - 0-2 years experience vs over

2 years experience,

Subjects the Teachers Teach

Teacher training programs in Nigerian universities and
edvanced teacher training colleges generally emphasize what
is often referred to as "“combined honors." Under this sys-
tem, preservice teachers are required to specialize in more
than one (usually two) science subject. Because the teach-
ers could not be examined on the basis of individual sub-

Jects, a decision was made to categorize them into three

groups. - | |  _ S
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1. Biological science teachers (biology, health

science, and agricultural science combinations).

2. Physical science teachers (physics, mathematics,

and chemistry combinations).

3. Other teachers (combinations of biological and

physical science subjects).

In order to determine if differences in the subjects
the teachers teach are accompanied by differences in the way
the teachers describe scientific experiments, the following
comparisons of percentage "yes" responses to each of the 62

statements on the questionnaire were made.

1. All teachers - Biological Science vs Physical
Science

2. NCE teachers - Biological Science vs FPhysical
Science

3. Graduate teachers - Biological Science vs Physical

Science

Data Collection

About four months prior to the intended time of data
collection, a letter was written to the Permanent Secretary
Niger State Ministry of Education, outlining the intent of
the study and requesting his permission to conduct the
study (Appendix IV). No reply was received from the Minis-
try. However, prior to the time when the study was under-

taken, information was received from one of the principals
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of the schools involved in the study to the effect that
they had been instructed to cooperate with me in any way
possible. As a result of this information, no follow-up
request was made to the Ministry of Education.

The investigation was undertakern during the months of
January and February 1979. This period was chosen because
it is early in the school term and therefore the teachers
were expected to be less cccupied with their teaching re-
sponsibilities. All the teachers involved in the current
study were contacted individually by visits to the schools.

On the first wvisit to each school, the questionnaires
were distributed to the teachers (under the direction of
the principal or his assistant) with a request that they
be completed and returned to the respective principals by
the following day. A day or two later, a return visit was
made to the schools to collect the completed question-
naires. Because of the cooperation of many of the princi-
pals, there were only five misplaced questionnaires. New
ones were given to this group of teachers to be completed
almost immediately.

A total of 115 questionnaires was distributed among
the teachers in the 22 of the 28 post-primary schools that
offer science courses. The remaining six schools were not
visited because:

1. They are loacted in remote parts of the state.
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At the time the data were collected, there was an
acute fuel shortage in Nigeria. This made travel

to remote parts impossible.

Of the 115 questionnaires distributed among the teach-

ers, 106 were returned and of these, three did not respond

to all the items as requested in the directions for com-

pletion of the questionnaire. The three were therefore

drcopped from the study.

Treatment of Deta

The procedure adopted for analyzing any research data

depends on the questions asked, and the design adopted.

The intent of this study was to:

1.

2.

Determine the descriptions of scientific experi-
ments that are held by Niger State post-primary
school science teachers.

Determine if teachers with a university degree
describe scientific experiments differently from
those with the Nigerian Certificate of Education.
Determine if teachers with 0-2 years of teaching
experience describe scientific experiments dif-
ferently from those with over 2 years teaching
experience.

Determine if teachers with a given educaticnal

background and O0-2 years of teaching experience
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describe scientific experiments differently from
those with the same educational background and
over 2 years of teaching experience.

5. Determiﬁe if teachers who teach physical science
courses describe scientific experiments differ-

-

ently from those who teach biological science

courses., | ?

6. Defermine if teachers with a given'edﬁcatianal back-
ground who teach physical science courses describe
scientific experiments differently from those with
the same educational background who teach bhio-
logical science courses.

In order to specifically address the first problem, a
particular statement was considered as being a part of thef
description of scientific experiments held by the teachers
as a group, if 75% or more of them responded "yes" to the
particular statement. The figure of 75% was set arbitrarily,
however, it was found to Pe in general use in survey studies
of this nature. _

Because this study involved all of the available popu-~
lation of science teachers in post-primary schools, it was
not pessible to use inferential statistics in order to ad-
dress guestions 2-5. However, Cohen (1969, p. 242) suggests

three conventional definitions of miniwmum difference (effec-~ -

tive size) for comparisons of proportions in contingency
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tables: a) small effective size - 0.05; medium effective
size - 0.10; and c¢) large effective size - 0.20. While the
comparisons of the percent "yes" responses by the groups of
teachers examined in this study were not done using in-
ferential statistics, a decision was made to adopt Cohen's
large effective size (0.20). This means that a difference
in the percent "yes" responses of two given comparison
groups to each statement is said to exist if there is a
difference of 20% or more in the percent "yes" responses of
the two groups to the statement. The comparisons were made
for only those statements which 75% or more of the individ-
uals in only one of the two comparison groups gave "yes"
responses (i.e., only the statements which only one of the
two comparison groups included in its description of

scientific experiments--as outlined above).
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CHAPTER IV

RESULTS

The results of the data treatment reported in this

chapter have been organized and presented in two parts.

Fart A reports the descriptions of scientific experiments-.

held by Niger State post-primary schoel science teachers.

Fart B reports the results of compariscns of the percent

"yes" responses toc statements about scientific experinents

by groups of teachers:

1,

with different educational background--NCE vs
degree, |

with different numbers of years of teaching ex-
perience--0-2 years vs over 2 years,

with the same educatioral background but dif-
ferent numbers of years of teaching experience,
teaching physical science courses and those
teaching biological science courses, and

with a given educational background teacking
pbysical science courses and those with the same
educational background teaching biclogical science

courses.

In keeping with the descriptive pattern used in the

previous chapters, the descriptions of scientific experi-

ments held by the teachers is presented in a way that



reflects the teachers' percent "yes" responses to state-
ments about:

1. the characteristics of scientific experiments, and

2. the relationships between scientific experiments

and scientific generalizations.

Since the representativeness of the responses of each
of the statements relative to the total population of Niger
State post-primary school science teachers can not be as-
certained, and since no sample was taken, the results are
generalizable only to the population of 103 teachers
- studied.

Science Teachers' Descriptions of Scientific Experiments

The results of the analysis of the descriptions of
scientific experiments held by the teachers as a group pre-
sented in this secticon consist of statements to which 75%
or more of the teachers responded "yes" (as described in
Chapter III). B

Table 1 records the frequéncy and percentage of "yes"
Tegsponses $0 statements about scientific experiments by
the teachers as a group and with regard to their educa-
tional backgrounds. An examination of Table 1 reveals that
the teachers as a group included the characteristics des— :
cribed in items 8, 13, 16, 22, 23, 29, 30, 33, 35, 39, 46,
47, 51, 58 and 60 in their descriptions of scientific ex-

perinents. The feachers as a group alsc included iteuns
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FREQUENCY AND PFERCENTAGE OF SCIENCE TZACHERS' "YES"
RESPONSES TO STATEMENTS ABQOUT SCIENTIFIC EXFPERI-

MENTS ACCORDING TC EDUCATICNAL BACKGRCULD.

Btatement
number*

Statements about
scientific experiments

All the
teachers
e (N = 103)

with HCE

5 Peachers
N =4
P*( 3)

Teachers
with de

I3
~ (¥ = 60

§ree

3
.

2.

3.

The outcome of a scienti-
fic experiment depends on
the technique of measure-
ment employed

A single scientific ex-
periment could be cru-
cial in a decision to
accept or reject one of
two conflicting scien-
tific hypotheses.

Scientific experiments
can not conclusively
prove or disprove z sci-
entific law.

Scientific experiments
are always based on
theoretical principles.

Statements expressing
the results of any given
scientific experiment
can refer only to that
particular experiment.

Scientific experiments
involve only the process
of induction.

73

87

67

78

%6

21

71

85

65

75

35

20

|

16

1

77

ag

67

71

37

26

1C

*Statement numbers correspond to the enumeration wused

in the questionnaire in Appendix I.

85

63

78

33

17
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Statement
numbers*

Statements about
scientific experiments

B A1l the

teachers
®” (N = 103)

B meachers

with NCE
" (N = 43)

Teachers

3]

with degree
® (N = 60)

~J
.

9.

10.

e

12.

Scientific experiments
are performed to con-
firm scientific
bypotheses.

One primary pre-
requisite for the con-
duct of a scientific
experiment is the for-
wulatiorn ¢of the problem
to be investigated.

All the observations
made during the con-
duct of scientific ex-
periments are always
planned befcre hand.

The results of scien-
tific experiments are
the only basis for the
formulsticn of scien-
tific concepts.

A single scientific
experiment could be cru-
cial in any decision to
accept or reject any one
of two conflicting sci-
entific laws.

Scientific experiments
involve only the pro-
cess of deduction.

96

21

87

82

93

20

85

19

27

5

10

86

19

70

79

47

13

&

23

10

78

93

22

63

17



TABLE 1 (continued)

Statement
number*

Statements about
ecientific experiments

ia]

teachers
p (N = 103)

R

All the

Teachers
with NCE
e (N = 43)

Teachers
with de

fa |

gree

= (N = 60)

-
W
L)

14,

15.

16.

174

ﬂa.

19.

The results of a par-
ticular scientific experi-
ment can have several pos-
sible interpretations.

Scientific experiments
are performed to falsify
scientific hypotheses.

The results of scienti-
fic experiments are inter-
preted only on the basis
of present knowledge.

Scientists working with
similar experimental
material may cobtain con-
flicting results.

Scientific experiments
are performed to falsify
scientific theories.

The results of scientific
experiments do not, on
their own, lead to new
knowledge.

All but one of the fac-
tors involved in a sci-
entific experiment are
always held constant.

Scientific experiments
are performed to dis-
cover scientific
hypotheses.

87

22

g2

15

45

55

21

52

829

15

28

A3

53

14

25

38

17

22

88

21

47

51

5

12

25

33

13

50

10

42

55
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TABLE 1 (continued)

81

Statenent
nunbers*

Statements about
scientific experiments

S 411 the

teachers
" (8 = 103)

B Peachers

with NCE
(K = 43)
o

P Paachers

with degree
n = 60%

=

n
-3
.

' 22.

23.

24,

25.

26.

Seiepntific experiments
are performed to formu-
late scientific theories.

A decision to accept or
reject one of two con-
flicting sete of experi-
nental results is so0lely
dependent on the one
which is able to with-
stand the severest test.

Experimentstion in sci-
ence involves the separa-~
tion of complex rhenom-
ena into simple ones.

All the conditions thkat
could affect the out-
coume of a scientific
experiment can not be
completely controlled.

The results of scien-
tific experiments
usually pose more gques-
tions than answers,

Only tke results of sci-
entific experiments
which agree with pre-
diction a2re useful.

There are no universally
accepted steps of preo-
cedure that are followed
in the conduct of all
scientific experiments.

~J
o

82

7%

4

73

18

49

~J
Q

20O

Vis)

72

a

17

pu]
Q

35

25

24

27

70

77

81

58

79

63

49

49

14

22

~J
o]

82

73

82

65

e?

37



TABLE 1 (continued)

82

Statement
nunbers*

Statements about
scientific experiments

B 411 the

teachers
- (N = 103)

Teachers
with NCE
e (N = 43)

a3

Teachers

ja }

with degree

. (N = 60)

n
(4]
L]

M.

2.

33.

35.

A scientific experiment
consists of making an
event occur under known
conditions.

Scientific experiments
involve both inductive
and deductive processes.

The results of scien-
tific experiments are
useful only if they are
repeatable or repro-
ducible.

It is impossible to com-
pletely determine all
the factors that could
affect the outcome of

a acientific experiment.

Scientific experiments
are performed to dis-
cover scientific laws.

Scientific experiments
are gpecial forms of
cbservations.

Statements expressing
the results of scien-
tific expericents can
be applied to any of
several related experi-
ments,

Scientific experiments
can be used to check
cause and effect
relationships.

93

7%

€9

87

Q4

74

91

90

76

€7

85

91

35

37

23

86

72

91

49

Se

51

37

55

93

93

72

63

85

€2

92



TABLE 1 (continued)

83

atement
numbers*

Statements about
scientific experiments

3 All the
feachera
N = 103)

e

Teachers
with NCE

=]

(N = 43)

*

Teachers

with degree
ke (N = 50?

B | st

41.

42.

No scientific experiment
can on its own lead to a
decision to accept or
reject one of two con-
flicting scientific
theories.

Scientific experiments
always involve qualita-
tive observations.

The results of scien-
tific experiments al-
ways lead to new
knowledge.

Statements expressing
the results of scien-
tific experiments al-
ways include ideas for
testing the implica-

tions of such results.

Scientific experiments
are performed to con-
firm scientific laws.

Scientific experiments
can never reveal all

the possible differences
between two contrasting
phenomena.

Scientific experiments
can be used to check
cause and effect
relationships.

€6

47

62

a2

77

63

2?7

&0

75

&1

26

32

24

31

10

74

72

77

geé

63

23

31

49

17

38

22

82

€7

28




TABLE 1 (continued)

Statement
nunbers*

Statements about
goientifi  experiments

A1l the

(s ]

teachers
e (¥ = 10%)

with RCE

Teachers
& (N = 43)

gree

B Teachers
with de

(N = 60

—
G5

43.

49.

Scientific ewperiments
are performed to estab-
lish scientific thecories.

Scientific experiments
are performed to formu-
late scientific lews.

No scientific experiment
can conclusively prove
or disprove a scientific
hypothesis.

The results of all sci-
entific experiments are
in one way or ancther
useful.

Scientific experiments
are performed to verify
scientific theories.

The results of scien-
tific experiments are
accepted only after
several trials agree
with prediction.

It is not possible to
vary only one factor
at a time in a scien-
tific experiment.

Scientific experiments
are performed to
verify scientific
hypotheses.

g4

72

35

96

o4

a7

41

77

7C

93

@

85

75

28

19

39

22

29

91

86

93

o1

F
~3

16

57

57

47

19

78

27

95

g6

78

g0



TABLE 1 (continued)

Statement
mizbers®

Statements about
scientific experiments

All the
teachers
(¥ = 103)

R

Teachers
with NCE
R (N = 43)

=

Teachers

with degree
2 (N = 60§

jat

b
L]

52.

53,

57.

58¢

The products of scien-~
tific experiments are
facts

The results of scien-
tific experiments are
probabilities.

Scientific experiments
arTe performed to falsify
scientific laws.

Scientific experiments
can not be used to prove
or disprove scientific
theories

Scientific exﬁeriments
are performed to pre-
diet new scientifiec laws

The results of a par-
ticular scientific experi-
ment can have only one

possible interpretaticen.

Scientific experiments
involve only quantitative
observations.

Scientific experiments
can be performed to test
the fundamental assump-

tions of nature.

82

42

15

51

24

20

85

44

15

43

20

23

19

g3

37

14

17

19

11

10

35

28

12

26

81

23

45

28

10

27

32

13

410

20

47

17

45

23

22

17

83



TABLE 1 (continued)

Statement
numbers®*

Statements about
scientific experiments

teachers
R (N = 103)

All the

Teachers
with NCE
= (N = 43)

Teachers
with de
= (N = 60

?'ee

un
O
.

61.

Scientific experiments
can be used to confirm
scientific theories only
by the indirect con-
firmation of the conse-
quences of the theories.

The results of scien-
tific experiments are
valid only under the pre-
cise set of conditicns in
which the experiment was
conducted.

There are universally
accepted steps of pro-
cedure which are followed
in the conduct of all
scientific experiments.

The results of simple
scientific experiments
are preferred over those
of complex ones.

55

43

91

&

23

19

39

22

20

91

|

47

25

63
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2, 4, 7, 11, 43, 47 and 50 which describe relationships be-
tween scientific experiments and scientific generalizations.
An examination of the 22 statements that the teachers in-
cluded in their descriptions reveals that four of the items
2, 11, 46 and 58, were not identified with any of the se-
lected philosophers of science (Appendix II).
Differences in the Descriptions of Scientific Experiments

Held by the Teachers According to the Selected Independent
Variables

The frequency and percentage of "yes" responses to
statements about scientific experiments by teachers with
different educational background, different numbers of
years of teaching experience, and different subjects taught
are presented, respectively, in Tables 4, 2 and 3. Pre-
sented in this section is the analysis of differences in
the percentage of "yes" responses by the comparison groups
to statements that satisfied both of the following criteria:

1. Three-quarters (75%) or more of the individuals
in only one of the two comparison groups must
have given "yes" responses to the statements.

2. The percent difference between the "yes" responses
given by the two comparison groups to a given
statement must equal or exceed 20%.

Table 4 records the numbers of the statements on which

the "yes" responses of several groups of teachers meeting

criteria 1 and 2 differed.
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